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Introduction

Standard humeral long stems are associated with complica-
tions such as operative humeral fractures, stress shielding,
aseptic loosening and traumatic periprosthetic fractures [1,
2, 7, 30]. Revision of both cemented and uncemented long
humeral stems is challenging due to stem extraction and
potential bone loss [23]. Therefore, preservation of bone
has become a major concern in total shoulder replacement
surgery [9].

Consequently, investigations on humeral stem design
have focused on two main issues: shortening of the stem
and development of a convertible modular humeral plat-
form system [11, 29]. Shortening of the humeral stem with
metaphyseal fixation aims to preserve bone stock, decrease
the rate of stress shielding, eliminate the diaphyseal stress
riser and facilitate stem removal in the event of revision
[16, 21, 22, 26].

Recently, this study group published the first clinical
and radiological follow-up of a non-convertible anatomic
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short-stem shoulder prosthesis (Ascend™ Monolithic;
Tornier Inc. ®) [24, 25]. In the short term, the clinical
results for different indications including primary and sec-
ondary osteoarthritis and rheumatoid arthritis were com-
parable to those of third- and fourth-generation standard
stem arthroplasty [4, 10, 14]. X-ray analysis had proven a
relatively high rate of bony adaptations after minimum of
2-year follow-up [24]. The prosthetic design has subse-
quently been modified: a circumferential porous coating
at the metaphyseal part of the stem has been added as an
attempt to improve proximal humeral fixation and a con-
vertible humeral platform system has been established. The
purpose of the present study was to review the clinical and
radiological results of shoulder replacement surgery with
this new short-stem prosthesis system.

Materials and methods

This prospective study was conducted with the approval
of the local ethics committee (ATOS no. 8/15). Between
October 2012 and December 2013, 57 patients underwent
primary prosthetic shoulder replacement with the Tornier
Aequalis Ascend™ Flex Shoulder System (Fa. Wright,
Memphis, Tennessee, USA). Thirty-two patients under-
went anatomical total shoulder replacement (TSR) with
a cemented keeled glenoid (Aequalis Glenoid) and 25
patients were treated by means of primary reverse total
shoulder replacement (rTSR) with a reversed glenoid
(Aequalis Reversed II). All operations were performed by
the senior author (M.L.).

Three patients (5.3%) were lost to follow-up and one
patient (1.8%) died of unrelated causes. Twenty-nine of
32 patients (90.6%) with TSR and 24 of 25 patients (96%)
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with TSR could be included in this study. The mean dura-
tion of follow-up was 25 months (range 20-35).

In the TSR group, none of the patients had bilateral pro-
cedures. The indication for TSR was primary osteoarthritis
in 18 patients (62.1%), sequelae of trauma in eight patients
(27.6%), ischaemic head necrosis in two patients (6.9%)
and rheumatoid arthritis in one patient (3.4%). Mean age
was 63 years (38 to 79). Seventeen patients (58.6%) were
female and 12 were male (41.4%). The right shoulder was
operated in 16 patients (55.2%) and the dominant side in 15
patients (51.7%).

In the rTSR group, one patient had a bilateral procedure.
The indication for rTSR was cuff-tear arthropathy in 17
shoulders (70.8%), posttraumatic sequelae in five shoulders
(20.8%) and primary osteoarthritis in two shoulders (8.3%).
Twenty patients (83.3%) were female and four were male
(16.7%). The right shoulder was operated in 16 patients
(66.7%) and the dominant side in 15 patients (62.5%).

Implant design and surgical technique

The Aequalis Ascend™ Flex Shoulder System consists of
a convertible humeral stem that can be used in an anatomi-
cal or reversed configuration. The stem is made of titanium;
the voluminous metaphysis is coated with porous titanium.
The stabilisation of the stem is achieved by bone ingrowth
within the compacted metaphyseal cancellous bone without
diaphyseal contact of the tip of the stem.

The surgical technique of the anatomical total shoulder
replacement has been described previously [25]. In reverse
total shoulder replacement only minimal proximal humeral
bone resection was performed and the resected bone was
used for glenoid offset augmentation, as described by Boi-
leau et al. [3]. The glenoid implant is anchored to the bone
with four screws.

Clinical evaluation

All patients underwent the same examinations before sur-
gery and at follow-up. Demographic characteristics, diag-
nosis and postoperative complications were taken from
the patients’ medical records. Pre- and postoperative Con-
stant score (CS), age- and gender-adjusted Constant score
(CS%), subjective shoulder value (SSV) and pain scale
score (0: worst to 15: best) were assessed. The disability
of arm, shoulder and hand (DASH) score was obtained at
follow-up. Shoulder range of motion in abduction (Abd),
flexion (Fle) and external rotation (Ext Rot) was measured
pre- and post-operatively in all patients. Abduction was
measured analogously to the CS as complete abduction
with scapulothoracic movement. Abduction strength was
quantified using the ISOBEX dynamometer (MDS Medical
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Device Solutions AG, Oberburg, Switzerland) according to
the recommendation of Constant et al. [6].

Radiological evaluation

In all patients, standardised digital X-ray images were
obtained in three planes (true anteroposterior (AP), axil-
lary, and scapular Y views) before surgery, 6 weeks post-
operatively and at regular yearly follow-up. All pre- and
postoperative radiographs were analysed for signs of sub-
sidence or evidence of loosening.

For detailed radiographic analysis patients with posttrau-
matic conditions and rheumatoid arthritis were not consid-
ered. One patient had to be excluded due to a periprosthetic
fracture during follow-up. Accordingly, detailed radio-
graphic analysis was performed in 38 shoulders (19 TSR,
19 rTSR). To ensure standardised and comparable images,
the AP X-rays were obtained in neutral rotation of the fore-
arm and only small differences in rotation were accepted.

Detailed radiographic analysis included measurement of
the inclination of the stem (angle o) and the filling ratios
of the metaphysis (FR ) and the diaphysis (FRy;,). The
measurement procedure for the anatomical prosthesis has
already been described [24]. The procedure for the reverse
prosthesis was slightly adapted to cater for the different
stem design (Fig. 1).

In addition, the quality of the humeral bone remodelling
in five different zones around the stem was assessed. The
zone system was adopted from Nagels et al. and modified
by our study group (Fig. 2) [19, 24]. The characterisation
of the humeral bone remodelling was evaluated by two
blinded observers (M.S. and S.C.) who were not involved
with the design of the prosthesis. In the event of disagree-
ment, the radiograph was discussed and a consensus was
reached. The interobserver agreement was calculated.

The zones around the humeral stem were analysed for
the three features of bone remodelling: (1) condensation
lines (CL) around the tip of the stem; (2) cortical thinning
and osteopenia (CNO); (3) spot welds (SW) around the
complete humeral component [17, 19]. According to the
extent and behaviour of the changes, humeral bone remod-
elling was rated as low adaptation (0-3 changes in all zones
around the stem) or high adaptation (4—6 changes in all
zones around the stem, or changes with aggressive behav-
iour). In the TSR group secondary radiolucent lines around
the glenoid were recorded according to Mole [18], and in
the rTSR group X-rays were examined to assess glenoid
notching according to Sirveaux [27].

Images were analysed using the picture archiving and
communication system Image Viewer (Kodak, New York,
NY, USA) and a digital light-emitting diode screen with
adjustable brightness and contrast.
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Fig.1 The alpha angle (a) was measured between the shaft axis
(black dotted line) and a line between the centre (C) of the proximal
part of humeral component (solid black line). FR is a line perpen-
dicular to the shaft axis, intersecting at the distal-medial border of
the humeral platform. FR;, is a line perpendicular to the shaft axis,
intersecting at the distal third of the prosthesis. The filling ratio was
defined by the quotient of the blue and red lines at the metaphysis
(FR,,.y) and at the diaphysis (FRy;,)

Fig. 2 The five zones that were analysed for humeral bone remodel-
ling: M1 medial 1, M2 medial 2, LI lateral 1, L2 lateral 2, US under
stem

Statistics

Statistical analysis was performed with SPSS 22.0 soft-
ware (IBM Corp., Ehningen, Germany). The level of sig-
nificance was set at p <0.05. Differences of preoperative
and postoperative continuous data were analysed using
the Wilcoxon signed rank test. The Mann—Whitney U test
was used compare the two groups of patients. Since the
study was purely exploratory in design, and multiple tests
without adjustment for multiplicity were performed, the
reported p values can be interpreted only descriptively.
Interobserver agreement was calculated with Cohen’s «,
and agreement strength was inferred in accordance with
the recommendations of Landis and Koch [15].

Results

At final follow-up, all clinical scores (CS, CS% and SSV),
the pain scale and the range of motion had improved sig-
nificantly in both groups (p <0.05 for all items, Table 1).
The DASH score was 15.5 (SD 15.8) in patients with TSR
and 35.8 (SD 22.0) in patients with rTSR at follow-up.

In the TSR group, one patient suffered a periprosthetic
fracture after a fall on the affected side 23 months after
operation and was treated with internal fixation by means
of a plate. Two fatigue fractures of the acromion were
observed in the rTSR group (8.3%). No patient suffered
a deep infection, and there were no other postoperative
complications or revisions. None of the TSR had required
conversion to rTSR at most recent follow-up.

Radiographic results

Overall, none of the 53 stems showed evidence of subsid-
ence or loosening. All humeral components were consid-
ered well aligned (TSR: 4.3° varus, SD 2.4; fTSR: 1.7°
varus, SD 2.6).

For the detailed radiographic assessment of the
humeral bone remodelling in the five zones in 38 patients
substantial interobserver agreement was found between
both examiners (k=0.71). In TSR the most frequent find-
ings were CNO at the calcar (n=7, 36.8%) and SW at L2
(n=11, 57.9%). None of the patients with TSR had radio-
lucent lines around the glenoid. In rTSR, CNO was noted
in eight patients (42.1%) at M1 and in eight patients at
L1 (Table 2, patient example shown in Fig. 3). None of
the patients with r'TSR had radiographic signs of scapular
notching.

Patients with low bony adaptation after TSR (n=14,
73.7%) and rTSR (n=17, 89.5%) had significantly
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Table 1 Clinical scores and

; . TSR (n=29) Reverse TSR (n=24)

range of motion preoperatively

and at most recent follow-up Before operation At follow-up p value Before operation At follow-up p value
CS (pts.) 25.0(SD 11.6) 70.1 (SD 13.7) <0.001 21.7 (SD 12.9) 57.1(SD 18.4) <0.001
CS (%) 33.5(SD 15.8) 93.7(SD 18.4) <0.001 28.8(SD 17.2) 76.1 (SD 24.5) <0.001
SSV (%) 39.0 (SD 17.7) 83.7(SD 16.4) <0.001 35.1(SD21.4) 66.4 (SD 23.4)  0.003
Pain (pts.) 45(SD3.1) 13.3(SD22) <0.001 5.6 (SD4.2) 13.7(SD2.6)  <0.001
Abd (°) 80 (SD 43) 141 (SD 34) <0.001 59 (SD 27) 125 (SD 41) <0.001
Fle (°) 90 (SD 39) 139 (SD 37) <0.001 62 (SD 26) 119 (SD 43) <0.001
Ext Rot (°) 9 (SD 20) 46 (SD 20) <0.001 12 (SD 31) 23 (SD 19) 0.039
SD standard deviation

Table 2 Featqres pf humeral Zone TSR (n=19) TSR (n=19)

bone remodelling in the five

zones CL SW CNO CL Sw CNO
M1 0 1(5.3) 7 (36.8) 0 0 8 (42.1)
M2 2 (10.5) 9(47.4) 0 0 5(26.3) 2 (10.5)
L1 1(5.3) 0 3(15.8) 0 0 8 (42.1)
L2 2(10.5) 11 (57.9) 0 0 3(15.8) 2 (10.5)
usS 3(15.8) 1(5.3) 0 1(5.3) 1(5.3) 1(5.3)

Results expressed as absolute numbers and percentages

Fig. 3 A patient with high adaptation after rTSR: cortical bone nar-
rowing and osteopenia in zones M1 and L1 and spot welds in M2 and
L2 : (a) at immediate postoperative radiograph and (b) at 23-month
follow-up

lower FRy;, than patients with high adaptations (Table 3;
p=0.005 and p=0.023, respectively).

Discussion

The purpose of our study was to evaluate the clinical and
radiological outcome after shoulder replacement using
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Table 3 Filling ratios of patients with low and high bone adaptation

Low adaptation High adaptation p value
TSR 14 (73.7%) 5(26.3%)
FR, o 0.58 (SD 0.08) 0.64 (SD 0.06) 0.156
FR;, 0.55 (SD 0.06) 0.66 (SD 0.05) 0.005
TSR 17 (89.5%) 2 (10.5%)
FR, o 0.68 (SD 0.07) 0.75 (SD 0) 0.047
FRy, 0.59 (SD 0.05) 0.69 (SD 0.04) 0.023

a cementless short-stem prosthesis system (Ascend™
Flex Shoulder System). The functional scores (CS, CS%
and SSV), the pain scale score and the range of motion
improved significantly after both TSR and rTSR. At mean
follow-up of 25 months (range 20-35), CS% improved from
33.5 (SD 15.8) to 93.7 (SD 18.4) in TSR and from 28.8
(SD 17.2) to 76.1 (SD 24.5) in r'TSR (both p <0.001). The
clinical results in TSR are superior to rTSR, in line with
previous reports in the literature [20]. None of the prosthe-
ses had to be revised. The complication rate was low after
TSR (3.4%) and after rTSR (8.3%).

The clinical results are comparable to those described
for other stemless and short-stem shoulder systems [9, 13,
28]. Jost et al. reported on 49 shoulders treated with ana-
tomic comprehensive mini humeral components (Biomet,
Warsaw, IN) that were followed up for at least 24 months
[13]. The mean CS was 91. Giuseffi et al. described the
results of 44 rTSR operations performed using the same
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comprehensive mini stem [9]. No functional outcome score
was given, but 97% of the patients reported no pain or only
mild pain at 2-year follow-up. Recently, Casagrande et al.
published the results in 69 patients treated with anatomic
TSR using first-generation Ascend™ Flex short-stem pros-
theses [5]. After minimum follow-up of 24 months, the CS
had improved from 39 to 68, comparable to the results of
the present study.

Radiographic analysis in a previous study by our group
revealed that radiologically detectable bony adaptations
frequently occur after insertion of an uncemented short-
stem prosthesis [24]. Humeral bone remodelling was not
associated with worse clinical outcome, but it may be asso-
ciated with aseptic loosening in the longer term [21].

In the present study, radiographic analysis showed that
14/19 patients (73.7%) with TSR and 17/19 patients with
TSR (89.5%) had only low bony adaptation at follow-up.
In TSR, higher rates of CNO were found in L1 (41.1 vs.
15.8%), in agreement with previous studies on humeral
bone remodelling in reverse shoulder arthroplasty [12, 17].

Interestingly, FR ;;, seemed to influence the behaviour of
bone adaptations. Patients with high bony adaptation after
TSR and rTSR had significantly higher FR;, than patients
with low adaptation (p =0.005 and p =0.023, respectively).
This observation is in agreement with a previous analysis
of the Ascend Monolythic™ prosthesis, were higher filling
ratios in the metaphysis and the diaphysis were also signifi-
cantly associated with high bony adaptation [24].

The rate of occurrence of high bony adaptation in ana-
tomical TSR in this study is much lower than in our pre-
vious study (26.3 vs. 51.9%). Furthermore, only one
patient (Fig. 3) with aggressive behaviour of humeral bone
remodelling was seen in the present study, compared to six
patients in the earlier study (3.4 vs. 13.6%).

There are two possible factors that may explain the
lower rate of humeral bone remodelling in the present
study. First, the circumferential porous coating added at the
metaphyseal level of the stem may improve bone ingrowth.
Alternative bearing surfaces have demonstrated superior
wear behaviour in other joint replacements and may prove
beneficial in the shoulder as well [8]. Second, the filling
ratio may play a major role in humeral bone remodelling.
Learning from the observations of the previous study, FR;,
decreased from 0.63 (SD 0.05) to 0.59 (SD 0.06). In both
studies, a higher FRy, was significantly associated with
a high rate of humeral bone remodelling. These observa-
tions support the theory that a higher filling ratio with close
to press-fit fixation in the diaphysis may decrease mineral
bone density in the metaphyseal segment because of the
lower stress load in this region [17, 19, 24].

This theory is further confirmed by the work of Norris
and co-workers [5]. They found radiolucent zones in 71.0%
of shoulders treated with the Ascend™ Monolythic, with

8.7% of these joints identified as having humeral stems at
risk of future loosening. Six of 73 shoulders (8.2%) had
required revision at a mean follow-up of 27.9 months.
This considerably high rate of aseptic loosening in the
short term may be related to the fact that these prosthesis
were implanted in press-fit technique, thus with a higher
filling ratio, which leads to higher rates of humeral bone
remodelling.

In patients with poor bone quality, there might be some
limitation for the use of a short-stem shoulder prosthesis.
Consequently, if a press-fit fixation of the humeral short-
stem is necessary to achieve a stable situation, a longer
stem or a cemented short-stem might favourable to avoid
loosening of the humeral stem in longer term.

This study has several limitations. There was no ran-
domisation, and no control group treated with a conven-
tional prosthesis. With a minimum follow-up of only
25 months, no information is provided about the long-term
outcome. In addition, only univariate analysis of the rela-
tionship between radiographic findings and clinical out-
come was carried out. Patient related factors such as gender
and age were not analysed. Furthermore, the bone quality
was not measured pre- or post-operatively.

Conclusion

This uncemented short-stem shoulder prosthesis provides
good clinical results after both TSR and rTSR at short-term
follow-up while a close to press-fit fixation of the short-
stem should be avoided to minimize the occurrence of
humeral bone remodelling.
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