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he optimal choice for the treatment of end-stage pri-
ary glenohumeral osteoarthritis remains controver-

ial, with alternatives including total shoulder replace-
ent (TSR) and humeral head replacement (HHR). The
bjective of this review was to analyze the effect of
SR compared with HHR on rates of pain relief, range
f motion, patient satisfaction, and revision surgery in
atients with primary glenohumeral osteoarthritis. We
earched computerized databases for clinical studies
ublished between 1966 and 2004 that reported on
houlder replacement for primary glenohumeral osteo-
rthritis. Pain data were converted to a 100-point
core. Outcome assessment data were pooled when
ossible, and analyses via normal test statistics were
erformed. We identified 23 studies, with a total of
952 patients and mean follow-up of 43.4 months

range, 30-116.4 months). The mean level of evidence
as 3.73. Among the 23 studies, 7 different outcome

nstruments were used. Of the 23 studies, 14 (n �
185) reported pain relief, 15 (n � 1080) reported
ange of motion, 12 (n � 969) reported patient satis-
action, and 14 (n � 1474) reported revision surgery.
ompared with HHR, TSR provided significantly
reater pain relief (P � .0001), forward elevation
P � .0001), gain in forward elevation (P � .0001),
ain in external rotation (P � .0002), and patient sat-

sfaction (P � .0001). Furthermore, only 6.5% of all
SRs required revision surgery, which was significantly
ower than the percentage for all patients undergoing
HR (10.2%) (P � .025). Only 1.7% of all-polyethylene
lenoid components required revision. On the basis of

his review and analysis, in comparison with HHR, TSR
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or the treatment of primary glenohumeral osteoarthritis
ignificantly improves pain relief, range of motion, and
atisfaction and has a significantly lower rate of revision
urgery. Inconsistent outcome reporting and poor study
esign may warrant standardization of outcome instru-
ents and improved study design in the future. (J Shoul-
er Elbow Surg 2007;16:396-402.)

he most frequent diagnostic indication for nontrau-
atic shoulder joint replacement is glenohumeral os-

eoarthritis. This condition is characterized by degen-
ration of articular cartilage and subchondral bone
ith diminished glenohumeral joint space.* The typ-

cal humeral head and glenoid changes are usually
ssociated with disabling pain, loss of motion, and
ecreased function. Consequently, the goals of treat-
ent include reduction of pain and improvement of

unction.
Shoulder replacement was initially introduced by

eer37,38 in the 1950s for the treatment of proximal
umeral fractures.1,41 Subsequent modifications and
he introduction of glenoid resurfacing broadened the
ndications to other disease processes, including end-
tage glenohumeral osteoarthritis.26,37,38 If nonop-
rative treatment for primary osteoarthritis fails, the
wo surgical options commonly considered are hu-
eral head replacement (HHR) and total shoulder

eplacement (TSR). The optimal treatment choice,
owever, remains controversial. HHR has the benefits
f decreased operative time, decreased blood loss,
nd less technical difficulty, yet there is concern re-
arding the progression of glenoid arthritic changes
nd the need for future revision surgery or conversion

o TSR.10,26,33 TSR is associated with increased op-
rative time and blood loss, is more technically chal-
enging, and incurs risks of potential glenoid loosen-
ng and polyethylene wear.26,46

Since Neer reported his preliminary results citing
ain relief and improved range of motion and func-

ion,29,41,49 the literature has been largely devoid of
uality studies attempting to determine when to per-
References 5, 13, 21, 22, 29-31, 34, 39-42, 47, 50, 54.
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orm glenoid replacement. Glenoid resurfacing is
ontraindicated if inadequate bone stock or irrepara-
le rotator cuff tears (or both) are present; otherwise,

he advantages of glenoid resurfacing are not as well
efined.21,47,48,51 Previous reports of outcomes af-

er shoulder replacement for end-stage glenohu-
eral osteoarthritis have been mostly observational

tudies. More recently, studies evaluating treatment
trategies have indicated superior results of TSR;
owever, small sample sizes have limited the per-
uasiveness of their conclusions.21,47,48,51 The ob-
ective of this study was to review the literature
ystematically and to perform a meta-analysis com-
aring TSR with HHR for the treatment of primary
lenohumeral osteoarthritis. We hypothesized that
SR would afford patients significantly greater pain
elief, range of motion, and satisfaction while main-
aining a low rate of revision surgery.

ATERIALS AND METHODS

We performed Medline and PubMed (www4.ncbi.nlm.
ov/pubmed/) computerized searches of English-language
rticles published from 1966 to April 2004, identifying the
opulation (primary glenohumeral osteoarthritis) and the inter-
entions (TSR, HHR). Bibliographies of relevant articles and
extbooks for additional pertinent studies and presentations
ere reviewed.
The quality of the primary studies was rated by use of

riteria outlined in The Journal of Bone and Joint Surgery for
evels of evidence for primary research questions (Centre
or Evidence-Based Medicine, Oxford, England [www.
ebm.net]). Studies were graded 1 (prospective, random-
zed) through 5 (expert opinion). Relevant data were ex-
racted from each article with respect to demographics,
ntervention, and outcomes, including notations of which
utcome instruments were used, as well as data on follow-
p, patient age, postoperative pain, range of motion, pa-
ient satisfaction, and information on revision rates (addi-
ional surgery as a result of infection, pain, or implant
ailure). In an effort to obtain a pure review of primary
steoarthritis, shoulders with inflammatory arthropathy, ro-

ator cuff insufficiency, postinfectious arthropathy, osteone-
rosis, or post-traumatic arthritis were excluded from this
nalysis.

All articles that reported pain scores in continuous nu-
eric values were identified, and the data were converted

nto a 100-point pain score. Likewise, studies based on 5-,
0-, or 50-point scales were converted to 100-point scales.
or studies that used subjective data, a conversion using a
ating system following the guidelines of Neer and
ofield2,11,12,14,19,34,46,52 was used. An excellent result

80-100 points) was defined by the shoulder having no or
light pain and by a patient report that the shoulder was
much better.” A good result (50-80 points) had no, slight,
r occasionally moderate pain and a patient report of
better.” An unsatisfactory result (0-50 points) included a
houlder with moderate or severe pain and a patient report

f “the same” or “worse.” Where necessary, information t
as extracted, and patients were assigned the mean point
otal of the group to which they were classified.

Preoperative and postoperative measurements of for-
ard elevation and external rotation and subsequent
ains in these ranges of motion were extracted when

hese data were available. Patient satisfaction data were
btained following the guidelines of Neer and Cofield
hen possible.7,11,12,14,19,34,40,46,51,52

tatistical methods
Outcome assessment data were pooled across studies,

hen possible, and weighted means (weighted by study
ample size) were calculated for each type of surgery for
he outcomes of pain relief scores and range of motion as
easured by forward elevation, gain in forward elevation,
xternal rotation, and gain in external rotation. We also
alculated a weighted mean age across studies for each
ype of surgery. For discrete outcomes of satisfied or unsat-
sfied and for complications (yes or no), we calculated the
otal number of patients with each outcome across studies
or each type of shoulder surgery.

For continuous outcomes, 2-sample t tests were per-
ormed between patients who had TSR and those who had
HR.23 For discrete outcomes, two-by-two �2 tests were
erformed and corrected for continuity.53

Because the studies identified rarely reported SDs, SDs
ere determined from the few studies that reported mean
alues and P values of significance for mean differences
etween patients having TSR and HHR. When this was
one for outcomes with more than 1 study reporting enough

nformation to estimate SDs, the estimated SDs were found
ot to be significantly different by use of Bartlett’s test for
omogeneity of variances.53 Hence, when multiple SD
stimates from different studies were obtainable for a spec-
fied outcome, a pooled SD was computed to test the
ifferences in the weighted mean outcome measures across
ll studies. A difference was considered to be significant at
� .05.

ESULTS

We identified 23 studies that addressed TSR and
HR for the treatment of primary glenohumeral osteo-
rthritis (Table I). This search included a total of 1952
atients and a mean follow-up of 43.4 months
range, 30-116.4 months) (Table II). The mean age of
ll patients was 66 years. Those treated with TSR
mean age, 65.9 years) were older than those treated
ith HHR (mean age, 63.1 years), and this age
ifference was statistically significant (P � .0001, t �
.90). Among the 23 studies, 7 different outcome

nstruments were used, including those of Neer and
ofield; Constant score; Simple Shoulder Test; Amer-

can Shoulder and Elbow Surgeons score; University
f California, Los Angeles score; and visual analog
cale. By use of The Journal of Bone and Joint Surgery
riteria for levels of evidence for primary research
uestions, the literature was composed of 1 prospec-

ive, randomized, controlled trial (Ia), 2 poorly con-

rolled randomized trials (II-1), and 22 case series

http://www4.ncbi.nlm.gov/pubmed/
http://www4.ncbi.nlm.gov/pubmed/
http://www.cebm.net
http://www.cebm.net
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IV). The mean level of evidence of the 23 studies was
.73.

ain relief

Pain relief was reported on in 14 studies involving
total of 1185 patients. Postoperative pain scores

and pain relief) were significantly improved for shoul-
ers undergoing glenoid resurfacing (mean score,
5.8) compared with those undergoing isolated HHR

mean score, 77.6) (P � .0001, t � 10.25).

ange of motion

Information on range of motion was provided by
5 studies involving 1080 patients. Overall motion
nd gains in forward elevation and external rotation

mproved in both groups. However, patients who
nderwent TSR statistically outperformed those who
nderwent HHR with respect to postoperative forward
levation (141.4° vs 124.9°; P � .0001, t � 5.21),
ain in forward elevation (53.7° vs 31.0°; P �
0001, t � 4.38), and gain in external rotation
34.5° vs 25.2°; P � .0002, t � 3.81). There was no
ignificant difference in postoperative external rota-
ion between the two groups (42.7° vs 42.1°; P �
74, t � 0.33).

atient satisfaction

Patient satisfaction was reported on in 12 studies

able I Systematic review of literature

Author Year

Orfaly et al42 2003
Edwards et al16 2003
Norris and Iannotti41 2002
Godeneche et al22 2002
Mansat et al36 2002
Goldberg et al23 2001
Gartsman et al21 2000
Sperling et al51 1998
Torchia et al52 1997
Levine et al34 1997
Cofield et al14 1995
Boileau et al7 1994
Fenlin et al18 1994
Boyd et al8 1990
Hawkins et al27 1989
Frich et al19 1988
Amstutz et al2 1988
Barrett et al4 1987
Bell and Gschwend5 1986
Cofield12 1984
Neer et al40 1982
Clayton et al11 1982
Neer et al39 1974
nvolving 969 shoulders (Table III). Of the patients d
ndergoing TSR, 96.7% were satisfied whereas 3.3%
ere unsatisfied. Of the patients undergoing HHR,
0.4% were satisfied whereas 19.6% were unsatis-
ed. These results demonstrated that TSR patients
ere significantly more satisfied with their outcomes

P � .0001, �2 � 62.70).

evision surgery

Information on revision surgery was provided by
3 studies involving 1474 patients (Table IV). Only
0 of 1238 TSRs (6.5%) required revision surgery for
ny cause. Of the TSRs that used metal-backed gle-
oids, 6.8% required revision. However, the revision
ate for loosening in TSRs with all-polyethylene gle-
oids was only 1.7%. Meanwhile, 10.2% of HHRs
equired additional surgical procedures for any
ause; 8.1% of HHRs required conversion to TSR
ecause of pain. The difference in the rate of revision
urgery was significantly in favor of TSR (P � .025).

ISCUSSION

The most common surgical treatment options for
rimary glenohumeral osteoarthritis are HHR and
SR. However, the superiority of glenoid resurfac-
ng remains controversial. Relative indications for
HR include inadequate glenoid bone stock, irrep-
rable rotator cuff tears, and avascular necrosis of

he humeral head with normal glenoid articular
artilage.16,37-40,45,49,50 HHR affords the benefits
f decreased operative time, blood loss, and tech-
ical difficulty required for glenoid exposure and
esurfacing.15

Some individual studies have reported less consis-
ent pain relief with isolated HHR.8,31,33,34 Boyd et
l8 conceded that, with longer follow-up, increasing
ain and the radiographic appearance of subchon-
ral sclerosis and joint space narrowing tended to
evelop in patients who had undergone HHR for
rimary osteoarthritis. In a study by Levine et al,34 the
hort-term results of patients with primary osteoarthri-
is treated with HHR seemed to correlate with poste-
ior wear, with 86% of patients with concentric shoul-
ers having excellent and good results; 74% of all
houlders showed excellent and good results. How-
ver, when the data were analyzed over a longer
erm, these results deteriorated in all patient subsets
egardless of glenoid wear, with only 67% of concen-
ric shoulders and 61% of all shoulders having excel-
ent and good results.33,34 Although these studies had
elatively few patients, the findings seemed to indi-
ate that the results of HHR for primary osteoarthritis
orsen with time.
With isolated HHR, the glenoid can undergo pro-

ressive erosion over time, often leading to deterio-
ating results and conversion to TSR at a later

ate.11,14,26,34,54 Parsons et al43 speculated that the
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umeral head component itself may lead to glenoid
rthrosis, requiring glenoid resurfacing if sufficient
one stock remains. Accordingly, a common argu-
ent is simply to perform glenoid implantation only if
HR fails. However, the revision of HHR to TSR for
lenoid arthrosis is not uniformly successful.51 Carroll
t al10 found that 47% of patients with this revision
ad an unsatisfactory clinical result at a mean of 5.5
ears after revision, and one third had incomplete
ain relief after such a conversion.

Relative indications for TSR in patients with gleno-
umeral arthritis include loss of articular cartilage or
ncongruent osseous surfaces, with normal or repara-
le rotator cuff tendons.7,22,28,29,45,50 TSR requires
ore operative time and is more technically challeng-

ng than HHR, and the procedure introduces the con-
ern of glenoid loosening.31 Indeed, the most com-
on reason for failure of TSR is aseptic loosening of

he glenoid component.7,36,42,46 However, TSR has
een reported to yield more consistent pain relief,
nd TSR for primary osteoarthritis may have a more
eliable and consistent outcome, with up to 97% of
atients achieving excellent and good results.† Other
tudies have also shown increased range of motion,
trength, and functional outcomes with TSR compared

able II Comparison of TSR and HHR

TSR

Age (y) 65.9 (CI, 65.4-66.4)
Pain score 85.8 (CI, 85.1-86.5)
FE (°) 141.4 (CI, 138.8-144.0)
Gain in FE (°) 53.7 (CI, 50.3-57.1)
ER (°) 42.7 (CI, 41.2-44.2)
Gain in ER (°) 34.5 (CI, 32.6-36.4)

I, Confidence interval; FE, forward elevation; ER, external rotation.

able III Patient satisfaction

TSR HHR Significance

atisfied 764 (96.7%) 144 (80.4%) �2 � 62.70
nsatisfied 35 (3.3%) 29 (19.6%)

able IV Revision surgery

TSR HHR Significance

evision 80/1238 24/236 P � .025
Any cause 6.5% 10.2%
Metal-backed glenoids 6.8%
All-polyethylene glenoids 1.7%
References 4, 15, 17, 30, 31, 34, 41, 44, 47, 48. ‡
ith HHR, although their sample sizes were inade-
uate to support findings of statistical significance in
ll of these parameters.19,21,42,47

A comprehensive systematic review of the literature
as undertaken to identify eligible studies and to
ssess critically important variables considered in
houlder replacement. Although randomized con-
rolled trials remain the gold standard when trying to
etermine the efficacy of a specific intervention, they
re not always of adequate statistical power to detect
clinically important treatment effect.1,3,20,32,46 We

ombined data from multiple studies to increase sam-
le size and used meta-analysis techniques to deter-
ine statistically significant differences in outcomes
ased on the effects of total shoulder arthroplasty
ompared with HHR.1 The quality of analyses that
ool data from nonrandomized or observational trials

s subject to all of the limitations of the primary studies
n which they are based.46 As mentioned previously,
ur review yielded only 3 published randomized
ontrolled trials, and 2 were low quality; the remain-
ng studies were all retrospective, observational case
eries. This is a significant finding of this review. The
ingle prospective, randomized, controlled trial (level
a), by Gartsman et al,21 established a statistically
ignificant benefit to glenoid resurfacing for pain
elief and postoperative internal rotation, even when
o posterior wear was present. Their results for TSR
ere better for patient satisfaction and function, but

nsufficient sample sizes and effect sizes did not sup-
ort findings of statistical significance in all parame-

ers.19,21,42,47 Furthermore, although none of the
SRs needed revision, 3 of 24 hemiarthroplasties,
reater than 10%, required glenoid resurfacing be-
ause of pain, and this was at relatively short-term
ollow-up (35 months).

The preponderance of evidence from this system-
tic review and analysis demonstrates that, for the

reatment of end-stage primary glenohumeral osteo-
rthritis, TSR provides significantly improved pain
elief, range of motion, and patient satisfaction while
aintaining a low revision rate.‡ Regarding pain

elief in particular, previous studies have been able to

HHR P value

63.1 (CI, 62.1-64.1) �.0001
77.6 (CI, 76.2-79.0) �.0001

124.9 (CI, 119.2-130.6) �.0001
31.0 (CI, 23.5-38.5) �.0001
42.1 (CI, 38.8-45.4) .74
25.2 (CI, 20.8-29.6) .0002
References 2, 5, 12, 16, 18, 21, 22, 39, 41, 42, 46, 52.
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how significant changes in TSR pain scores only from
reoperatively to postoperatively, which were primar-

ly due to the fact that this group began with poorer
reoperative scores. This analysis demonstrates that
atients with shoulders undergoing glenoid resurfac-

ng have significantly improved absolute postopera-
ive pain scores compared with those undergoing
emiarthroplasty (85.8 vs 77.6); the mean postoper-
tive pain score for TSR falls into the excellent group,
hereas HHR scores fall into the good range. Again,
ategoric rating can be subjective and biased; how-
ver, the preponderance of evidence was signifi-
antly in favor of TSR, lending validity to these scores.

Moreover, the rate of revision surgery after TSR is
ignificantly lower, especially when all-polyethylene
lenoid components are evaluated.§ These results
uggest that the need for glenoid revision after TSR is
ess common than the need for glenoid resurfacing
fter an unsuccessful HHR. In addition, patients per-
ormed better after TSR, even though this was a sig-
ificantly older cohort. Although we might expect
ore elderly patients to have decreased demand and

mproved satisfaction, and even possibly a lower
evision rate, this alone would not explain the im-
rovements in range of motion.

Data extraction and interpretation were extremely
hallenging, because of the numerous outcome instru-
ents used in the primary studies: 7 different instru-
ents were used in the 23 studies examined. Not all

tudies reported on the same diagnoses and out-
omes; consequently, the sample sizes available for
nalyzing different patient outcome variables dif-
ered. Even when included, outcomes reported in
any of the analyzed studies had wide confidence

ntervals, suggesting that the present scoring systems
ave not measured the outcomes of shoulder arthro-
lasty optimally.23,35

Similarly, it was difficult to assess the association
etween the treatment and revision surgery. One
ight assume that revision rates are under-reported,
ecause patients may seek treatment from new care-
ivers and be lost to follow-up. In addition, the rate of
evision can underestimate the rate of failure, as not
ll unsatisfactory arthroplasties will undergo revi-
ion.5,25 Revision surgeries were not discussed uni-
ormly in the articles reviewed; even when docu-
ented, causes for failure were not always specified.
urthermore, the results need to be approached with
degree of caution because the mean follow-up is

3.4 months. We are unable to draw any long-term
onclusions regarding revision as a result of glenoid
omponent failure. However, the preponderance of
vidence analyzed in this review represents a low
ate of revision surgery, especially when caused by
oosening of all-polyethylene glenoid components.
aReferences 2, 5, 12, 16, 18, 21, 22, 39, 41, 42, 46, 52.
The outcomes reported in this analysis are also pri-
arily those of experienced surgeons at high-volume
enters; therefore, it is unclear how well the superior
esults of TSR will be reproduced in the community.
he surgical techniques, implants used, and rehabili-
ation protocols also were not standardized across
tudies and could have an effect on results. Neverthe-
ess, there were no individual studies that contra-
icted the final results of this analysis.

It is clear that the results of this analysis need to be
ppreciated with an awareness of the limitations of

he primary studies. The literature concedes that, in
he absence of large, quality, randomized clinical
rials, analysis of smaller studies is the best source of
nformation for evidence-based practice.20 Because
here was only one published, high-quality (level Ia)
andomized trial, with the remainder being observa-
ional studies, we used meta-analysis techniques to
nalyze the combined data. Recently, a review and
eta-analysis of 4 studies by Bryant et al9 reported

esults similar to those of our analysis with respect to
ain, strength, range of motion, and functional out-
omes. Although the aforementioned study by Garts-
an et al21 was included, the additional 3 studies
ere published in abstract form only. The results were
ompiled for a total of only 112 patients. However,
he conclusions of this study support the findings of
ur review and analysis, which focused on a total of
952 patients. Despite the challenge of extracting
nd interpreting data from the primary studies, the
reponderance of evidence yielded from our system-
tic review, clearly the largest analysis comparing
HR with TSR for a single diagnosis, was significantly

n favor of TSR with respect to the numerous outcomes
easured.
As always, it is incumbent upon the individual

linician to determine whether the conclusions of this
ystematic review are relevant to his or her clinical
ractice and how they may assist with the choice of
linical strategies. Because of the inconsistent report-
ng of outcomes and poor trial methodology of many
f the analyzed studies, further controlled trials on this

opic are warranted. Future clinical analyses, evalu-
ting large numbers of patients with standardized
nd reproducible assessment methods over longer
ollow-up periods, may help define which intervention
ields the best outcomes.

In conclusion, although recent studies have indi-
ated superior results with glenoid resurfacing, the
iterature has not shown consistently that TSR is statis-
ically superior to HHR. This systematic review of the
iterature and analysis provides a preponderance of
vidence showing that, for the treatment of primary
lenohumeral osteoarthritis, TSR significantly outper-
orms HHR with regard to pain relief, range of motion,

nd patient satisfaction.
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Furthermore, despite the increased technical diffi-
ulty and potential problems associated with place-
ent of a glenoid component, TSR maintains low

ates of glenoid loosening and significantly lower
ates of revision surgery, especially when current
ll-polyethylene glenoid components are used. These
esults suggest that the need for glenoid revision after
SR is less common than the need for glenoid resur-
acing after an unsuccessful HHR. TSR appears to be
he surgical treatment of choice for patients with end-
tage primary glenohumeral osteoarthritis.6,24

We thank Susan D. Horn, PhD, for her invaluable assis-
ance with the statistical analysis and for her help with this
ata set, presentation, and manuscript.
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