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onprosthetic glenoid arthroplasty with humeral
emiarthroplasty and total shoulder arthroplasty yield
imilar self-assessed outcomes in the management of
omparable patients with glenohumeral arthritis

eremiah Clinton, MD, Amy K. Franta, MD, Tim R. Lenters, MD, Doug Mounce, and

rederick A. Matsen, III, MD, Seattle, WA
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he risk of glenoid component failure has led us to
xplore nonprosthetic glenoid arthroplasty coupled
ith humeral hemiarthroplasty, the “ream and run”

R&R) procedure, for the management of glenohumeral
rthritis in active patients. We hypothesized that pa-

ients having a R&R procedure would have outcomes
omparable with those of similar patients having a
otal shoulder arthroplasty (TSA). A case-matched con-
rol study compared 35 consecutive patients (32 men,

women) with an average age of 56 years, after R&R
ith matched controls having TSA. The respective Sim-
le Shoulder Test (SST) scores for the R&R and TSA
roups were 4.5 and 4.0 before surgery, 7.8 and 9.6
t 12 months, 8.3 and 10.2 at 18 months, 8.9 and
.4 at 24 months, 9.4 and 9.6 at 30 months, and 9.5
nd 10.0 at 36 months. The “ream and run” proce-
ure can offer similar functional recovery to patients
ith total shoulder arthroplasty, although the time to

ecovery may be longer. (J Shoulder Elbow Surg
007;16:534-538.)

otal shoulder arthroplasty (TSA) offers patients with
lenohumeral arthritis the potential for substantial re-

ief of pain and increased shoulder function by resur-
acing the arthritic joint, increasing stability through
onformity of the prosthetic joint, and increasing
trength and range of motion by lateralization of the
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oint line.5,9,16,17,20,23 However, TSA has been as-
ociated with delayed failure of the glenoid com-
onent because of loosening, fragmentation, asym-
etric wear, and instability.36-38 Surgical revision
f these glenoid component failures often leads to
ubstantially poorer function than primary arthro-
lasty.1,6,13,22,24,25,28–31

In contrast with TSA, humeral hemiarthroplasty
voids the complications associated with the glenoid
omponent. For this reason, and because of its rela-
ive technical simplicity, some surgeons prefer hemi-
rthroplasty for the treatment of glenohumeral arthri-

is. This appears to be particularly true for low-volume
houlder surgeons.12 However, in a prospective ran-
omized trial, hemiarthroplasty did not offer the same
egree of pain relief as TSA.7 Patients who are

reated with hemiarthroplasty, especially those who
re young and active, may experience progression of

heir glenoid arthritis with associated medial erosion
f the glenoid and loss of joint space. The resulting
ain and stiffness may require revision of the hemiar-

hroplasty to a TSA.32 Poor outcomes from hemiar-
hroplasty appear to be more common in shoulders
ith asymmetric glenoid wear, especially when pos-

erior erosion results in instability that cannot be ad-
ressed by hemiarthroplasty alone.11,14,33

Because of the concern about late prosthetic gle-
oid failure in TSA and the sufficiency of hemiarthro-
lasty alone, we investigated a new procedure in
hich a humeral hemiarthroplasty is performed in
onjunction with concentric reaming of the glenoid
one to spherical concavity with a diameter of curva-

ure 2 mm greater than that of the prosthetic humeral
ead. In a human cadaver model, we have shown
hat nonprosthetic resurfacing of the glenoid can pro-
ide glenohumeral stability comparable with that pro-
ided by a polyethylene component.35 In a living
anine model, we have demonstrated that reaming of
he glenoid bone and articulation with a humeral
emiarthroplasty heals and remodels to a concentric,
mooth, fibrocartilage articular surface securely at-

ached to the subjacent bone.18
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We hypothesized that human humeral hemiarthro-
lasty with nonprosthetic glenoid arthroplasty—the
ream and run” (R&R) procedure—would offer a re-
overy of self-assessed shoulder function similar to
hat after TSA, but because of the time required for
ealing and remodeling, the time for recovery of
omfort and function would be longer than that for
houlders having conventional TSA.

ATERIALS AND METHODS
atient selection

This was not a double-blinded, randomized clinical trial.
e have a 30-year experience with TSA and offered this

stablished procedure as a consideration to patients with
evere glenohumeral arthritis. We offered the R&R proce-
ure as an alternative to patients with severe glenohumeral
rthritis who expressed interest in avoiding the risk of
rosthetic glenoid failure but who also fully understood the
otential for longer recovery time as well as for functional
ecovery was less than that expected for TSA. This option
as not offered to patients with inflammatory arthritis. The
atient made the final choice of procedure after a discus-
ion of the options.

urgical procedure
All R&R procedures were performed using a published

echnique; the approach and humeral preparation are sim-
lar to that used for TSA.19 The shoulder is approached
hrough a deltopectoral incision. Adhesions in the humer-
scapular motion interface are released. The subscapularis
nd subjacent capsule are incised from the lesser tuberos-

ty. A 360° subscapularis release is performed. The hu-
eral head is resected in 30° of retroversion at an angle of
5° with the long axis of the shaft. The humeral canal is
repared to receive the largest humeral stem that can be

nserted without compromise of the endosteal surface of the
iaphyseal cortex. Medullary impaction grafting is routinely
one using autograft harvested from the resected humeral
ead until a snug fit of the prosthetic stem is achieved.

For the R&R procedure, the periglenoid capsular release
s performed between the glenoid labrum and the capsule
ather than between the labrum and bony glenoid as in
SA. Leaving the labrum attached to the glenoid enhances
lenohumeral stability and load transfer. If preoperative
nd intraoperative assessment reveal posterior glenoid ero-
ion and posterior humeral subluxation, the periglenoid
elease is restricted to the anterior capsule and the inferior
lenohumeral ligament is left intact. Any residual cartilage
r soft tissue is curetted from the glenoid surface. If the bony
urface is biconcave as a result of posterior glenoid erosion,
he bony ridge between the 2 concavities is removed using

pinecone burr.
The location for the hole for the glenoid reamer is

elected so that the distance between the back, front, and
op of the bony glenoid are approximately equal. The hole
or the glenoid reamer is drilled in a direction so that
eaming will normalize glenoid version without excessively
ompromising glenoid bone stock (glenoids with severe
egrees of posterior wear may not be candidates for this

rocedure). The diameter of curvature of the glenoid reamer m
s selected so that the reamed surface area of the glenoid
one will be maximized. In our experience, this is most
ommonly 54 mm, with 50 mm and 58 mm being the next
ost common diameters. Reaming continues until the

eamed surface extends to the superior, anterior, and pos-
erior aspects of the glenoid. Protruding inferior glenoid
one is resected to ensure it does not contact the medial
umerus.

The humeral trial is inserted with a humeral head
aving a diameter of curvature 2 mm smaller than that of
he glenoid concavity. The humeral trial is positioned so
hat the center of the humeral head sits exactly in the
enter of the reamed glenoid when the arm is abducted
0°. The thickness of the humeral head prosthesis is
elected so that the arm can be externally rotated 40°
ith the subscapularis approximated, posteriorly sublux-
ted no more than 50% on the posterior drawer test, and

nternally rotated no more than 60° when the arm is in 90°
f abduction. Flexion of the arm should not result in more

han 50% posterior subluxation. If greater degrees of pos-
erior stability exist, a thicker humeral head is selected.
otator interval closure may also be used to augment pos-
erior stability.

Once the desired size and position of the humeral
osition of the humeral component have been determined,

he definitive component (Global, DePuy, Warsaw, IN) is
ssembled and inserted into the impaction-grafted humeral
anal. Again, the precise centering of the humeral head in
he reamed glenoid is verified, with superior or inferior
djustments being made as necessary. Clearance between

he medial humerus and lateral glenoid is verified.
The subscapularis is repaired to 6 sutures previously

laced through the edge of the resected anterior humeral
eck. Rotator interval closure is performed if necessary for
dditional posterior instability.

The postoperative protocol is identical to that used for
SA. After surgery, immediate continuous passive motion is
nstituted in the recovery room and for 36 hours after
urgery. The patient conducts passive range-of-motion exer-
ises 5 times a day. Activities of daily living, including lifting
f objects up to 1 pound, are allowed as soon as they are
omfortable. Nonsteroidal antiinflammatory medications
re not used for at least 6 weeks after surgery. Formal
trengthening exercises and more vigorous activities are not
ermitted until 3 months after surgery and until the shoulder
as a comfortable passive range of motion, including ele-
ation to 140°.

ata collection
At our center, all patients having any type of shoulder

rthroplasty are entered prospectively into a shoulder out-
omes database. The use of these data for research has
een approved by our medical center’s Human Subjects
eview Committee. From December 5, 2000, to April 1,
005, 102 patients had received the R&R procedure. The
tudy included 35 patients who had a minimum of 2 years
ollow-up; 2 patients were lost to follow-up.

An investigator blinded to the outcome of either proce-
ure selected 35 comparable historical control patients
rom the database who had conventional TSA arthroplasty
y the same surgeon. The TSA patients were selected by

atching their diagnosis, gender, age, operative side, and
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ength of follow-up. Preoperative and sequential postoper-
tive shoulder comfort and function were documented by
atient self-assessment using the Simple Shoulder Test (SST).
his self-assessed outcome measure was selected because
f its repeated demonstrated sensitivity to the functional

imitations from glenohumeral arthritis and its responsive-
ess to treatment.2-5,15-17,21,26,27,34,39

For both the R&R and TSA groups, the average age of
atients was 56 years, and 32 of 35 patients were men.
egenerative arthritis was present in 26, capsulorrhaphy
rthropathy in 5, and secondary arthritis in 4. Average time
f follow-up was 2.6 years for R&R patients and 2.7 for

hose having TSA (Table I).
The initial SST scores for the R&R shoulders was 4.49 �

.9 of 12 functions, whereas the initial SST scores for the
SA shoulders was 3.97 � 4.52 (P � .36). Follow-up SST
cores were compared for each 6-month interval after sur-
ery.

The follow-up SST (FSST) scores for each group at each
ime interval were compared using the unpaired t test
ssuming unequal variance.

ESULTS

Both the TSA and R&R patients showed substantial
nd comparable improvement after surgery. Initial
ST (ISST) scores were found to be similar between
&R patients and controls, with a mean ISST of 4.5 for
&R vs 4.0 for TSA (P � .36). Mean final SST scores
FSST) were 8.12 for TSA vs 6.67 for R&R run (P �
23). Using batched data for 6-month intervals, we
ound that at 12 months postoperatively, the patients
eceiving TSA showed improved FSST scores, with a
ean score of 9.6 vs 7.8 for R&R (P � .01). By 18
onths, however, differences were not statistically

ignificant, with SST scores of 8.9 for R&R vs 9.4 for
SA (P � .47). This trend continued for the remainder
f the study period, with no significant differences at
4 months, 9.4 vs 9.6 at 30 months (P � .82), and

able I Demographics of patients included in the study group

Characteristic R&R TSA

ean age (years) 56 56
ender
Male 32 32
Female 3 3

iagnosis
Degenerative 26 26
Capsulorrhaphy 5 5
Secondary 4 4
perative Side
Right 19 13
Left 16 22
verage follow-up (years) 2.32 2.57

nitial SST score 4.49 � 4.9 3.97 � 4.5

&R, “Ream and run” procedure; TSA, total shoulder arthroplasty; SST,
imple Shoulder Test.
.5 vs 10.0 at 36 months (P � .63) for R&R vs TSA,
espectively. The follow-up STT scores are summa-
ized in Table II and Figure 1.

ISCUSSION

The R&R procedure differs from TSA in that neither
glenoid component nor methyl methacrylate (both

otential sources of prosthetic failure) is used. The
&R procedure differs from a humeral hemiarthro-
lasty in that the glenoid bone is reamed to a diam-
ter of curvature 2 mm greater than that of the hu-
eral head prosthesis. This reaming has 2 potential
dvantages: (1) in our animal study,18 reaming was
ollowed by healing with complete coverage of the
lenoid surface with remodeling fibrocartilage adher-
nt to the underlying bone, and (2) incongruities of
he glenoid surface were resolved. These 2 features
ay help mitigate the progressive erosion that has
een reported with hemiarthroplasty alone.10 Longer-

erm radiographic follow-up will be required to deter-
ine if any of these shoulders shows glenoid erosion.
The relatively young age (56 years) and strong

ale predominance (32 of 35) in the study cohort
nd in the matched controls indicates that this proce-
ure is selected by a group of patients that is some-
hat different than the conventional TSA population,
hich tends to be older and more even in gender
istribution.

In this blinded case-matched study, the functional
esults of humeral hemiarthroplasty with nonprosthetic
lenoid resurfacing and the results of conventional
SA were comparable, although it appeared to take
n average of 12 to 18 months longer for the R&R
houlders to achieve similar shoulder function as pa-
ients receiving TSA. This delay may reflect the time
equired for the healing and remodeling of the
eamed glenoid bone, processes that are not required
hen a polyethylene glenoid prosthesis is used. This

uggests that patients receiving an R&R may have a
ore prolonged functional recovery; however, it does
ot come with the risk of a glenoid component and in
he end is equivalent to TSA at 2 to 3 years of
ollow-up.

This study should be interpreted in light of certain
imitations:

● Although we matched the R&R patients with
comparable TSA patients while blinded to the
end results of either procedure, this was not a
prospective, randomized clinical trial. Blinded
case-matching provides for a control group that
is similar to the test group.8 In this study, the
matching procedure yielded 2 groups of pa-
tients with very similar preoperative characteris-
tics, including their level of shoulder function.

● Not all patients having TSA and the R&R proce-
dures provided data at each of the desired times

of follow-up.
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● This is a relatively small series of patients with
limited follow-up, so that the ultimate fate of
either or both of the procedures may not be
revealed by the available data.

● All of these data were from the practice of an
individual surgeon and, therefore, may not be
generalizable.

● Our follow-up was not sufficiently long to encom-
pass the time when glenoid components fail (5
or more years after TSA), thus the potential
long-term benefits of the R&R procedure are not
revealed by this study.

● The cohort of patients was evaluated using the
previously validated SST to assess patients’ self-
described functional outcome. We did not eval-

able II Self-assessed shoulder function at 6-month intervals after “re

6 months 12 months 18 m

&R
Mean 6.67 7.77 8
SD 3.11 3.12 3
SEM 0.8 0.66 0
N 15 22 11
95% CI 4.94-8.39 6.39-9.15 6.23-1

SA
Mean 8.12 9.64 10
SD 3.57 1.63 2
SEM 0.87 0.33 0
N 17 25 31
95% CI 6.28-9.95 8.97-10.31 9.29-1

NS �.01 N

&R, “Ream and run procedure”; TSA, total shoulder arthroplasty; SD, stand
ignificant.

0

2

4

6

8

10

12

PreOp 6 12 18 24 30 36
Months after surgery

Total Shoulder
Ream and Run

igure 1 Self-assessed shoulder function before and sequentially
fter a “ream and run” procedure (diamonds) and total shoulder
rthroplasty (squares).
uate for pain and range of motion in either
group, although this is indirectly achieved
through the SST.

ONCLUSION

Despite these limitations, our results demonstrate
hat the 2-year to 3-year functional improvement after
he “ream and run” procedure is similar to that after
otal shoulder arthroplasty when the 2 procedures are
erformed in comparable patients.

We are encouraged that the “ream and run”
rocedure may be a consideration for young and
ctive patients willing to invest a longer recovery

ime in return for freedom from the risk of prosthetic
lenoid component failure. However, further study

s needed to draw long-term conclusions on the
fficacy and durability of the “ream and run” pro-
edure compared with the traditional total shoulder
rthroplasty.
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