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Abstract

Purpose This study compares the radiographic and functional
outcomes of uncemented and cemented humeral fixation in
reverse total shoulder arthroplasty (RTSA).

Methods A prospective research database was reviewed for
RTSA patients from 2007 to 2010. Inclusion criteria were
primary RTSA from one manufacturer (Exactech
Equinoxe®) with a grit-blasted metaphyseal humeral stem
and two year minimum follow-up. Exclusion criteria included
shoulder arthroplasty for fractures, fracture sequelae or in-
flammatory arthropathy. Radiographic and functional out-
comes were compared between the uncemented and cemented
groups.

Results A total of 97 patients (58 women, 39 men) with 100
RTSAs met the inclusion criteria. Radiographic and clinical
two year follow-up was available in 80 % (51 RTSAs) of the
uncemented group and 89 % (32 RTSAs) of the cemented
group (mean follow-up 3.5 years). Average age at surgery was
72 years. Both groups showed significant improvements in the
12-item Simple Shoulder Test (SST-12), 12-item Short Form
(SF-12), Shoulder Pain and Disability Index 130 (SPADI-
130), American Society of Shoulder and Elbow Surgeons
(ASES) score and normalised Constant scores. One humeral
loosening was seen in each group (2 % uncemented, 3 %
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cemented). Both groups’ overall component revision rate was
6 % (one in each group relating to humeral component fail-
ure). There were no significant differences in complication
rates, change in functional scores and range of motion
improvement.

Conclusions Humeral component press-fitting in RTSA pro-
vides similar outcomes as cementation at a minimum two year
follow-up.

Keywords Radiographic - Functional - Humeral fixation -
Shoulder arthroplasty - Outcomes

Introduction

Reverse total shoulder arthroplasty (RTSA) is used to treat
rotator cuff arthropathy, glenohumeral arthritis with rotator
cuff deficiency, massive rotator cuff tears with
pseudoparalysis, symptomatic irreparable rotator cuff tears,
inflammatory arthritis, complex proximal humerus fractures
in the elderly and the sequelae of proximal humeral fractures
[1]. Since its 2003 US Food and Drug Administration (FDA)
approval, its use has been increasing in the USA. While many
designs exist, the overall principle is similar. The deltoid acts
as the lever arm, allowing shoulder flexion and providing
glenohumeral stability through compression.

Functional outcomes of RTSA have been promising, but
long-term studies with greater than ten year follow-up are
lacking [1, 2]. Although glenoid fixation without cement has
generally proven viable in RTSA, no study has specifically
focused on uncemented humeral fixation. Several studies have
included uncemented humeral components in the study pop-
ulation [3—10], but none were designed to directly compare
the functional and radiographic outcomes of cemented and
uncemented humeral fixation.
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Studies on uncemented humeral fixation in total shoulder
arthroplasty have shown high rates of lucencies as well as a
high percentage of stems that are at risk for loosening [11, 12].
One randomised controlled trial of uncemented and cemented
stems in total shoulder arthroplasty showed better functional
scores and forward elevation with cemented stems [13]. The
different biomechanics of the reverse shoulder replacement
may alter the load on the humeral stems compared to total
shoulder arthroplasty. The effect on clinical outcomes of this
different loading of the proximal humerus is unknown in
RTSA. The theoretical advantages of uncemented humeral
fixation are decreased operative time, biological ingrowth
potential and easier revision of the humeral component if
necessary.

The purpose of this study is to compare the functional and
radiographic outcomes of cemented and uncemented humeral
components in RTSA. We hypothesise that patients with
press-fit humeral components have the same functional out-
comes, similar complication rates and similar loosening rates
compared to patients with cemented humeral components in
RTSA.

Patients and methods

A review of a consecutive series of patients treated with a
primary RTSA for cuff tear arthropathy at the University of
Florida between June 2007 and December 2010 was per-
formed. Medical records and a prospective research database
were reviewed for demographic, operative and clinical infor-
mation. Inclusion criteria were primary RTSA with the
Exactech Equinoxe® system (Gainesville, FL, USA) using a
metaphyseal grit-blasted humeral stem (Fig. 1) and a mini-
mum follow-up of two years. Exclusion criteria included
shoulder arthroplasty for fractures or fracture sequelae, chron-
ic shoulder dislocations, inflammatory arthropathy or a prior
arthroplasty procedure.

The standard deltopectoral approach was used in all cases.
The glenoid baseplate was placed with the inferior edge of the
baseplate lining up with the inferior aspect of the glenoid. The
baseplate uses a cage for bone ingrowth. Humeral head auto-
graft was routinely used in the cage to aid in bone ingrowth.
At least four baseplate compression screws were placed with
the goal of three screws with good fixation. Each compression
screw was converted to a locking screw using locking caps.

The proximal humeral shaft was lightly hand-reamed and
sequentially broached with the goal of 20° of stem retrover-
sion. For the cemented cases, a cement restrictor and
antibiotic-impregnated cement were routinely used. The
subscapularis tendon was not routinely repaired unless there
was excellent compliance of the tendon. Concerns for a tight
subscapularis repair were that the surgeon could create an
iatrogenic Hornblower’s sign. Biceps tenodesis was routinely
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Fig. 1 The humeral stem of the implant used in this study with a grit-
blasted metaphyseal component and a polished distal stem

performed to the pectoralis major insertion. Drains were not
used.

The decision for cementation versus press-fitting of the
humeral component was determined by the surgeon depend-
ing on preference, bone quality and available bone stock. The
surgeons tended to use cemented humeral fixation early in the
study period and changed to predominantly press-fit humeral
fixation by the end of the study period.

The rehabilitation protocol was the same for all patients
and consisted of a home-based physical therapy programme.
Active range of motion was limited for three weeks and
external rotation was limited to neutral for weeks weeks.
Sling use was discontinued at six weeks and weight restriction
limitation was discontinued at three months.

The functional outcomes were compared between the
uncemented and cemented humeral stem groups. Range of
motion measurements were obtained preoperatively and post-
operatively by a research assistant (certified athletic trainer)
using a goniometer and placed in a prospective database at
annual postoperative visits. Functional scores used were the
12-item Short Form (SF-12), the American Society of
Shoulder and Elbow Surgeons (ASES) score, the normalised
Constant score, the 12-item Simple Shoulder Test (SST-12)
score and the Shoulder Pain and Disability Index 130 (SPADI-
130) score and were recorded in a prospective research data-
base. Any missing range of motion data or functional scores
were omitted from the individual calculations.
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Fig. 2 Grashey (a) and axillary
lateral (b) radiographs of a reverse
shoulder arthroplasty

The radiographic outcomes were compared between the
uncemented and cemented groups using Grashey and axillary
lateral radiographs (Fig. 2a, b). Humeral lucencies were mea-
sured using the technique described by Sanchez-Sotelo et al.
[12] where eight zones were identified around the proximal
humerus. Humeral loosening was defined as progressive ra-
diolucent lines in greater than two zones or with lucent zones
and increasing pain with activity. The number of patients with
lucent zones was based on their most recent follow-up imag-
ing. Notching was defined on a 0—4 grading scale, as de-
scribed by Sirveaux et al. [10]. Glenoid loosening was defined
as progressive radiolucent lines >2 mm around more than one
screw or a shift in baseplate position.

Statistical analysis was performed using Fisher’s exact test
to compare dichotomous variables like the complication rates
between groups. Functional outcome data between the groups
were calculated using the two-tailed Wilcoxon rank sum test.
Multivariate analysis was not performed due to the limited
number of patients in each group. Post hoc power analysis was
performed to see if the numbers had 80 % power to detect a
15 % difference in the change in functional outcome scores
and range of motion between the cemented and uncemented
groups. Post hoc power analysis showed that this study had
enough patients in each group to detect a 15 % difference of

Fig. 3 Humeral fixation 35
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the change in SPADI-130 (30 patients) and SF-12 scores (30
patients). This study did not have enough patients in each
group to detect a 15 % difference of the change in the nor-
malised Constant score (99 patients), SST-12 (412 patients),
ASES score (148 patients), forward elevation (141 patients) or
external rotation (798 patients).

Results

A total of 97 patients (58 women, 39 men) with 100 RTSAs
met the inclusion criteria from a total of 183 RTSAs per-
formed in the study period. Reasons for exclusion were 34
revisions, 23 with a different implant, 18 fractures or fracture
sequelae and eight with inflammatory arthropathy. Of the
patients, 64 had an uncemented humeral component and 36
had a cemented humeral stem. Figure 3 shows the trend of
humeral fixation over the study time period. The two year
follow-up was available for 51 patients with uncemented
humeral components (follow-up rate of 80 %) and for 32
patients with cemented humeral components (follow-up rate
of 89 %). Eight patients had died (all unrelated to their
shoulder surgery) with the prosthesis in place, eight were lost

® Number of Uncemented
Humeral Stems

® Number of Cemented Humeral
Stems

June 2007 to June 2008 to June 2009 to June 2010 to

May 2008

May 2009

May 2010 December

2010
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Fig. 4 Flow chart of patient
inclusion in the study

to follow-up before their two year follow-up appointment and
one refused participation due to health reasons. These patients
were excluded from further analysis. The flow chart of patient
selection is presented in Fig. 4. Average follow-up was
3.5 years (3.3 years for the uncemented group and 4.0 years
for the cemented group).

The final group included 83 RTSAs in 80 patients includ-
ing 48 women and 32 men. There were 49 right shoulders and
34 left shoulders. The most common diagnosis was rotator
cuff arthropathy in 69 shoulders (83 %). Twelve patients had

erse Total Shoulder Arthroplasties

e Inclusion Criteria

glenohumeral osteoarthritis with rotator cuff insufficiency,
one had avascular necrosis with a torn rotator cuff and one
had arthritis from pigmented villonodular synovitis with an
insufficient rotator cuff. Average age at surgery was 72 years
(range 55-93 years). Forty per cent of the patients had a prior
non-arthroplasty surgical procedure on the operative shoulder.
More complete demographic data are available in Table 1.

A total of 17 patients were not included in this study, as
mentioned previously (four patients in the cemented group
and 13 in the uncemented group). No known postoperative

Table 1  Patient demographics
Uncemented humeral stem Cemented humeral stem All RTSAs
Number of RTSAs 51 32 83
Average follow-up time 3.3 years 4.0 years 3.5 years
Average age at surgery 71 years (range 55-90) 73 years (range 59-93) 72 years (range 55-93)
Women (%) 24 (47 %) 27 (84 %) 51 (61 %)
Side (right/left) 29/22 20/12 49 /34
Average BMI 29.4 29.0 29.3
Prior shoulder surgery 22 (43 %) 11 (34 %) 33 (40 %)
Diagnosis of rotator cuff tear arthropathy (%) 41 (80 %) 28 (88 %) 69 (83 %)

RTSA reverse total shoulder arthroplasty, BMI body mass index
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Table 2 Range of motion data
Range of motion Uncemented humeral stem Cemented humeral stem All patients P values

Pre-op Post-op Pre-op Post-op Pre-op  Post-op  Uncemented Cemented
Mean active FE* 77° 116° 70° 118° 75° 117° <0.001 <0.001
Mean active abduction® 69° 110° 66° 111° 68° 110° <0.001 <0.001
Mean active ER* 21° 23° 26° 28° 23° 25° 0.345 0.605
Mean IR* L5 L2 L4 L2 L5 L2 0.00165 0.0833
Mean change in active FE® +38° +48° +41° 0.669
Mean change in active abduction®  +40° +43° +41° 0.760
Mean change in active ER” +1.5° +0.9° +1.2° 0.835
Mean change in active IR® +2.5 levels +1.5 levels +2.1 levels 0.283

FE forward elevation, ER external rotation, /R internal rotation

? Includes patients with available data in the category

® Includes only patients with both preoperative and postoperative data available

complications, humeral loosening or revisions were reported
for this group. Average follow-up for this group was
nine months with nine patients having at least one year of
follow-up. Fourteen of these patients had some functional data
prior to loss to follow-up or death. Average active forward
elevation was 106°. Average active external rotation was 21°.
Average internal rotation was to L3. The average ASES score
was 68. Average SPADI-130 was 43.5. Average SST-12 score
was 7.6. Average normalised Constant score and SF-12 score
were 58.7 and 35.3.

Range of motion significantly increased in active forward
elevation and active abduction to 117 and 110° with an aver-
age improvement of 41° in both (Table 2). Active external
rotation improved an average of 2° to 25°. Internal rotation
improved an average of two spinal levels to L2. Both
uncemented and cemented groups saw significant increases
in forward elevation and abduction, whereas the change in
external rotation was not significant in either group (Table 2).
Significant improvement in internal rotation was obtained in
the uncemented group, but not in the cemented group. Both

Table 3  Functional score data

uncemented and cemented groups had similar improvements
in range of motion with no significant difference between
groups (Table 2).

Functional outcomes improved significantly in both the
cemented and uncemented groups (Table 3). The most dra-
matic improvement was seen in the SST-12 score with a 6.3
point average increase. In addition, the normalised Constant
score increased an average of 41 points, the SPADI-130 score
improved an average of 56 points and the ASES score in-
creased an average of 44 points. The improvement in func-
tional scores was not significantly different between groups
(all P values >0.05).

Radiographic outcomes were similar between groups
(Table 4). Humeral loosening was seen in one patient in each
group (2 % rate in the uncemented group and 3 % in the
cemented group). Two patients (4 %) had some radiolucent
lines in the uncemented group including the one that had a
loose stem (Fig. 5a). The patient without loosening had hu-
meral radiolucencies in zones 1 and 7. No patients had addi-
tional radiolucent lines in the cemented group except for the

Outcome score Uncemented humeral stem Cemented humeral stem All patients

Pre-op® Post-op® Pvalue Change® Pre-op® Post-op® P value Change® Pre-op® Post-op® P value Change®
SST-12 3.0 8.9 <0.01 +6.5 2.8 8.6 <0.01 +53 3.0 8.8 <0.01 +6.3
SF-12 score 30.3 34.7 <0.01 +6.1 322 37.8 <0.01 +4.7 30.7 354 <0.01 +5.8
SPADI-130 score 88.5 35.5 <0.01 549 92.2 33.8 <0.01 —588 89.5 34.0 <0.01 —559
ASES score 32.7 75.3 <0.01 +43.7 35 78.5 <0.01 +428 332 76.5 <0.01 +435
Normalised Constant score  33.9 69.4 <0.01 +41.0 32.4 72.4 <0.01 +41.7 33.6 70.6 <0.01 +41.1

SST-12 12-item Simple Shoulder Test, SF-72 12-item Short Form, SP4DI-130 Shoulder Pain and Disability Index 130, ASES American Shoulder and

Elbow Surgeons

*Includes patients with available data in the category

®Includes only patients with both preoperative and postoperative data available
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Table 4 Radiographic outcomes

Humeral lucent zones

Loose humeral stem

Scapular notching Glenoid loosening

Uncemented humeral stem 2 (3.9 %) 1 (2.0 %) 7 (13.7 %) (all Grade 1) 1 (2.0 %)
Any-7 (13.7 %)

Cemented humeral stem 1(3.1 %) 1 (3.1 %) 2 (6.3 %) (all Grade 1) 0
Any-2 (6.3 %)

All humeral stems 3 (3.6 %) 224 %) 9 (10.8 %) (all Grade 1) 1(1.2 %)
Any-9 (10.8 %)

P value (uncemented vs cemented) >0.05 >0.05 >0.05 >0.05

one patient with gross loosening (Fig. 5b). Scapular notching
was seen in seven patients in the uncemented group (14 %)
and all had grade 1 notching. Two patients (6 %) in the
cemented group had scapular notching (all grade 1). Only
one patient had glenoid loosening (the same patient in the
uncemented group that had humeral loosening). These radio-
graphic outcomes were not statistically different between the
groups.

The most common complication was periprosthetic humer-
al shaft fracture after falls (six patients, 7 %). This was more
common in the uncemented group, but the difference was not
significant. Three patients in the uncemented group (6 %) and
one in the cemented group (3 %) needed surgical fixation of
the periprosthetic humeral fractures. One patient had a dislo-
cation in the cemented group (total dislocation rate of 1 %).
Humeral stem revision was performed in two patients in the
uncemented group (one for infection and one for loosening)
and in two patients in the cemented group (one for humeral
loosening and one for an infection after a second procedure for
a primary dislocation). Revision of any component was per-
formed in three patients in the uncemented group (6 %) and in
two patients in the cemented group (6 %). More complication
data are available in Table 5.

Fig. 5 Grashey view (a) of a
patient with an uncemented
humeral stem with subtle lucent
lines (blue arrows) and
metaphyseal lucency (white
arrow), which had definite
loosening noted at the time of
revision surgery. Grashey view
(b) of a patient with a cemented
humeral stem with significant
lucent lines (arrows)

@ Springer

Discussion

Based on the data presented, the functional and radiographic
outcomes after primary RTSA are similar for cemented and
uncemented grit-blasted metaphyseal humeral stems (Exactech
Equinoxe® shoulder system) at a minimum follow-up of
two years. This is the first study to directly compare the
outcomes of uncemented and cemented humeral stems in pri-
mary RTSA to our knowledge in the English literature.

The range of motion after RTSA seen in this study is very
similar to previous reports. Active forward elevation (117
versus 100—150°) [5, 7, 9, 10, 14-26], active abduction (110
versus 90-133°) [5, 9, 15-18, 22, 24, 25], active external
rotation (25 versus 7-51°) [5, 7, 9, 10, 14-18, 20-23, 26]
and internal rotation (L3 versus S1-L1)[10, 14,20-22, 24, 26]
were within the ranges reported in the literature. Melis et al.
[7] also reported similar range of motion data in combined
primary and revision RTSAs between cemented and
uncemented humeral stems with the only significant differ-
ence being improved internal rotation in the uncemented
group.

Similar functional outcomes for RTSA as found in this
study have also been reported in the literature. Constant scores
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Table 5 Complications

Uncemented humeral

Cemented humeral stem All RTSAs P value (uncemented vs cemented)

stem
Infection 1(2.0 %) 0 1(12%) >0.05
Dislocation 0 1 (3.1 %) 1(1.2 %) >0.05
Periprosthetic humeral fracture 5(9.8 %) 1(3.1 %) 6(7.2 %) >0.05
Periprosthetic humeral fracture needing surgery 3 (5.9 %) 1 (3.1 %) 4 (4.8 %) >0.05
Humeral stem revision 2 (3.9 %) 2 (6.3 %) 424 %) >0.05
Revision of any component 3(5.9 %) 2 (6.3 %) 5(6.0 %) >0.05

consistently improve after RTSA with similar results to those
found in this study [7, 9, 10, 14-16, 20, 21, 23, 25-27]. One of
these studies, which, unlike our study, included revisions in
the analysis, reported similar Constant scores in cemented and
uncemented RTSAs [7]. Average ASES scores after RTSA
were also similar to those found in the literature (ASES score
77 versus 68—76) with significant improvement in all studies
[16-18, 22, 23]. The improvement of 6.3 points seen in this
study shows a significant improvement in shoulder function
after RTSA. The postoperative SST-12 score of 9 reported in
this study is higher than previously reported after RTSA (6.1-
8) [16, 22, 27, 28].

The rate of humeral loosening reported in the literature has
been low in RTSA. The two largest studies of RTSA that
mentioned humeral loosening reported a 0 and 1.5 % humeral
loosening rate in 501 and 337 patients, respectively [8, 20].
Three primary reverse shoulder arthroplasty studies mention
the incidence of loosening of cemented and uncemented hu-
meral stems; however, no study directly compares results of
cemented versus uncemented humeral stem fixation. Sirveaux
et al. [10] reported a 2 % loosening rate in cemented stems
versus 0 % in uncemented stems in 80 patients. Sadoghi et al.
[9] had a 5 % loosening rate with cemented stems and a 0 %
loosening rate in uncemented humeral stems in 68 patients;
however, there were only ten patients in the uncemented
group. Ek et al. had no loosening in 40 patients followed for
a mean of 7.8 years. The study that includes the largest
number of uncemented humeral stems including both primary
and revision RTSA reports a humeral loosening rate of 0 % in
98 patients with less than two years of follow-up [3].

The infection rate of 1 % in this study is similar to other
reported studies in the literature. Infection rates for primary
RTSA range from 0 to 18 % with the majority under 4 % [4, 5,
8,10, 13, 15, 17, 22, 23]. The scapular notching rate of 11 %
in this study is lower than most RTSA studies in the literature.
Notching rates with a Grammont-style implant vary from 21
to 96 % [2, 5, 15, 18, 21, 29]. The most recent report on the
lateral glenoid prosthesis reported a 9 % notching rate [16].

The primary limitation of this study is the non-
randomisation of cementation versus press-fitting of the hu-
meral stems which could create a selection bias. The senior

surgeon early in the series cemented all the implants and later
in the series cemented almost none of the stems. Although this
does not represent randomisation, it demonstrates the limited
possibility of selection bias. The demographics of both patient
groups were similar, again showing limited possibility of
selection bias. There were more women in the cemented
group; however, presently in our practice all primary reverse
shoulder arthroplasties are uncemented. Currently, if there is
any question of the quality of metaphyseal bone, then impac-
tion grafting of the metaphysis from the humeral head is
performed irrespective of sex. In addition, patients with acute
fracture, fracture sequelae and inflammatory arthropathy were
excluded from this study in order to remove any bias in this
small cohort due to the higher rate of complications reported
historically in these patients.

Press-fitting of a metaphyseal grit-blasted humeral
stem in primary RTSA provides similar functional out-
comes, radiographic outcomes, complication rates and
humeral loosening rates when compared to cemented
stems at a minimum follow-up of two years. Further
studies with a larger number of patients and additional
follow-up are needed to see if similar results are ob-
tained in the long term.
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