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 � Stemless shoulder arthroplasty relies solely on cementless 
metaphyseal fixation and is designed to avoid stem-related 
problem such as intraoperative fractures, loosening, stress 
shielding or stress-risers for periprosthetic fractures.

 � Many designs are currently on the market, although only 
six anatomic and two reverse arthroplasty designs have 
results published with a minimum of two-year follow-up.

 � Compared to stemmed designs, clinical outcome is 
equally good using stemless designs in the short and 
medium-term follow-up, which is also the case for overall 
complication and revision rates.

 � Intraoperative fracture rate is lower in stemless compared 
to stemmed designs, most likely due to the absence of 
intramedullary preparation and of the implantation of a 
stem.

 � Radiologic abnormalities around the humeral implant are 
less frequent compared to stemmed implants, possibly 
related to the closer resemblance to native anatomy.

 � Between stemless implants, several significant differences 
were found in terms of clinical outcome, complication 
and revision rates, although the level of evidence is low 
with high study heterogeneity; therefore, firm conclusions 
could not be drawn.

 � There is a need for well-designed long-term randomized 
trials with sufficient power in order to assess the superior-
ity of stemless over conventional arthroplasty, and of one 
design over another.
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Introduction
The latest (fourth) generation of shoulder arthroplasty 
includes ‘canal-sparing’ stemless designs that rely solely on 
metaphyseal cementless fixation, which is facilitated using 
either a coating which promotes ingrowth, or specific mate-
rials or configurations that promote bony ingrowth. Since 
its introduction in 2004, 11 different systems have been 
developed. These systems not only vary in the method of 
metaphyseal fixation with different levels of bone contact, 
but also in design of the taper (male or female) or collar 
(open, solid or absent) and the implantation technique 
(impaction or screw in). Stemless arthroplasty arose from 
the desire to avoid stem-related problems such as intraop-
erative fracture, loosening, stress shielding and stress ris-
ers for periprosthetic fracture.1–5 Suggested advantages 
are the possibility of anatomic reconstruction regardless of 
offset, facilitating arthroplasty in cases of proximal humeral 
deformity due to malunion,6 the ease of a revision,7 shorter 
operating time8,9 and lower amount of blood loss.9 Its 
popularity is confirmed by a recent market analysis which 
projected that the number of stemless implants will surpass 
conventional stemmed arthroplasty in Europe by 2024.10 
Indications for stemless arthroplasty are similar to those 
for stemmed systems. The contraindications for stemless 
implants are poor metaphyseal bone stock, extensive bone 
cysts or avascular necrosis, proximal humeral fracture, 
pseudarthrosis or metabolic bone disease.

The combination of these modern humeral implants 
with conventional glenoid replacement implants has 
raised the expectation of a good functional outcome as 
well as long-term survivorship of stemless shoulder arthro-
plasty, comparable to the outcome of stemmed implants.

The primary objective of this systematic review is to 
summarize and analyse the clinical outcomes and the 
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humeral-implant-related radiologic outcomes, complica-
tion and revision rates of all types of stemless shoulder 
arthroplasties. The secondary objective is to compare clin-
ical outcomes between different systems.

Methods
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines were followed when 
conducting this study.11 The protocol was a priori regis-
tered at the International Prospective Register of System-
atic Reviews (PROSPERO) (http://www.crd.york.ac.uk/
prospero, registration number: CRD42020154768).

Literature search

Two reviewers (JIPW, JH) independently performed a sys-
tematic search in the online databases of Embase, Pub-
med/Medline and the Cochrane library. The following 
search algorithm was used: “Shoulder AND (stemless OR 
canal sparing OR stem-free OR short stem)”. The focus of 
the search was on studies published in the last 10 years, 
from 1 January 2010 until 26 January 2020, since no study 
was published on this subject before 2010. We limited our 
search to studies written in English, Dutch or German.

The following inclusion criteria were used: Case series 
or comparative studies, both prospective and retrospec-
tive, (1) published in peer reviewed journals (2) report-
ing on outcomes of uncemented stemless hemi-, total or 
reverse shoulder arthroplasty (HA, TSA, RSA), (3) with a 
minimum follow-up of 24 months, and (4) with a mini-
mum of five patients.

Exclusion criteria were: (1) studies reporting on short-
stemmed or resurfacing arthroplasty designs, (2) abstracts 
without full text, (3) studies which describe similar 
cohorts, or (4) registry studies. When studies described 
similar cohorts, the study reporting the cohort with the 
longest follow-up was included.

After exclusion of duplicates, the titles and abstracts of 
the remaining articles were independently reviewed by 
two reviewers (JIPW, JH). Potential studies were reviewed 
in full text with use of the inclusion and exclusion criteria. 
Of the included studies, references were searched in order 
to identify possible additional studies that met the inclu-
sion criteria. If there was any disagreement, consensus 
was reached by discussion or by consulting a third author 
(TDWA).

Methodological quality of studies

For each study, the level of evidence was determined using 
the adjusted Oxford Centre for Evidence-Based Medicine 
2011 Levels of Evidence (http://www.cebm.net). Two 
reviewers (JIPW, JH) independently assigned the levels 
of evidence and assessed the methodological quality of 
all included studies using the Methodological Index for 

Non-Randomized Studies (MINORS) instrument.12 When 
using the non-comparative part, the highest MINORS 
score that can be assigned is 16, and in comparative stud-
ies the highest score is 24. If there was any disagreement, 
consensus was reached by discussion or by consulting a 
third author (TDWA).

Data extraction

All data were collected in Excel 2016 (Microsoft Corp., Red-
mond, WA, USA). Two reviewers extracted the data from 
the included articles (JIPW, JH). The following information 
was extracted: authors, year of publication, any conflict 
of interest, brand of implant, sample size, mean popula-
tion age, gender, mean follow-up, glenoid type, surgical 
approach used, indication of surgery, patient outcomes as 
described below, complication and revision rates.

Outcome measures

Clinical outcome was analysed using the Constant- Murley 
score (CMS),13 both the absolute score and the value 
adjusted to age and gender,14 the American Shoulder and 
Elbow Surgeons score (ASES),15 Disabilities of the Arm, 
Shoulder and Hand score (DASH)16 and quickDASH17 
score, and using the range of motion pre and post sur-
gery. The CMS is the only outcome score that includes an 
objective strength and function assessment.

Additional included outcomes were radiographic out-
comes, any complication as defined by the consensus 
report of Audigé et al,18 and any reintervention following 
a complication.

For the revision rate, only implant exchanges were qual-
ified as revisions. Postoperative traumatic periprosthetic 
fractures were excluded from complication and revision 
rate comparisons, as they are not related to the implant. 
Radiologic changes were not included in the complication 
rate and mentioned separately under radiographic out-
comes. A subgroup analysis was performed to compare 
clinical and radiologic outcomes, complication and revi-
sion rates between implant types whenever possible. An 
additional subgroup analysis was performed to compare 
CMS results between studies with different follow-up, and 
to compare CMS results between HA versus TSA.

Statistical analysis

All data were collected in Excel 2017 (Microsoft Corp., 
Redmond, WA, USA). Review Manager 5.3 (The Cochrane 
Collaboration, London, UK) was used to calculate dif-
ferences between preoperative and postoperative out-
comes and to analyse subgroup differences. Of included 
studies, the reported means were used or, if reported as 
medians, were calculated using the method described 
by Hozo et al.19 If standard deviations were not reported, 
they were calculated from the reported range using the 
method described by Walter et al.20 If neither a range nor a 
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standard deviation was reported, an attempt was made to 
acquire these data from the corresponding author. Heter-
ogeneity was described using the I2 test, where < 25% was 
considered as having no heterogeneity, low heterogeneity 
when < 50%, moderate when < 75% and high heteroge-
neity when 75% or higher.21 Considering possible high 
heterogeneity, a random effects model was used. All out-
come data were presented as mean gain with standard 
deviations or 95% confidence intervals whenever possible 
or applicable. Differences in incidence of radiologic abnor-
malities, complication and revision rates were assessed 
using Fisher’s exact tests. All tests were two-sided and p < 
0.05 was considered statistically significant.

Results
The titles and abstracts of 352 articles were screened. The 
literature search is summarized using the flowchart shown 
in Fig. 1. A total of 31 studies were included for analysis. 
Two randomized controlled trials (RCTs), three prospec-
tive controlled cohort studies, five retrospective controlled 
studies and 21 case series, of which 18 were prospective, 
were included (Table 1 and Table 2).

Quality assessment

According to the CEBM 2011 Levels of Evidence, there 
were no Level I studies. Two studies were Level II9,22 and 
four were Level III studies.23–26 The other 25 studies were 

Level IV.6,8,27–49 The results of the methodological quality 
assessment of studies using the MINORS criteria are sum-
marized in Table 3. In TSA/HA literature, the average score 
of non-comparative studies was 10.4 out of 16 (65% of 
maximum, SD 2.9). The mean score in comparative stud-
ies was 14.9 out of 24 (62%, SD 1.6). In RSA literature, the 
average score was 10.2 (64%, SD 2.1) for non-compara-
tive studies and 15.2 (63%, SD 0.7) for comparative stud-
ies. No blinding was applied in any of the studies. Only 
six studies in the TSA/HA group9,22,23,26,49 and one study 
in the RSA group47 compared their results to conventional 
stemmed arthroplasty, of which two were RCTs.9,22 In the 
TSA/HA group, 11 studies reported TSA results only, four 
presented their HA and TSA results separately and the 
remaining eight studies reported on the combined results 
of their TSA/HA cohort (Table 1).

Baseline characteristics

A total of 1,903 patients with 1,944 stemless shoulder 
prostheses were included in this study, of which 1,182 
were anatomic total shoulder arthroplasties, 365 were 
reverse shoulder arthroplasties and 382 were hemi shoul-
der arthroplasties. The average age in the TSA/HA group 
was 64 years (range 21–90) and in the RSA group 73 years 
(range 38–93), overall mean follow-up was 3.2 years, and 
55% of patients were female (Tables 1 and 2).

Of the included TSA/HA studies, the results of the TESS 
(Biomet, Warsaw, IN, USA) and Eclipse (Arthrex, Freiham, 
Germany) implants are described most frequently. Other 
included studies described the Affinis Short (Mathys AG, 
Bettlach, Switzerland), Sidus Stem-Free (Zimmer Biomet, 
Warsaw, IN, USA) and Simpliciti (Wright Medical, Mem-
phis, TN, USA). In RSA literature, only the results of the 
TESS RSA system and Verso system (Innovative Design 
Orthopaedics, London, UK) have been published. A 
medium-term follow-up (60–120 months) was described 
in five TSA/HA articles and one RSA article. Eighteen TSA/
HA and seven RSA studies described a short-term follow-
up (24–60 months). To our knowledge, no long-term 
data have been published on any stemless system.

Functional outcome

An overview of functional outcome scores and range of 
motion is provided in Figs. 2 and 3 and Tables 4 and 5.

To compare CMS gain between different systems, a 
subgroup analysis was performed (Fig. 4). Due to limited 
data, a comparison was only possible between the Eclipse, 
TESS and Simpliciti systems. A statistically significant higher 
mean absolute CMS gain was found when comparing 
the Simpliciti to the Eclipse systems (36 vs. 25, p = 0.006, 
I2 = 87%). The improvement in the TESS group was 42 
points, which was not significantly different compared 
to the other two types when analysed separately (TESS 
vs. Simpliciti p = 0.5, TESS vs. Eclipse p = 0.1). The mean 

Records identified through
database searching 

(n = 476)

Additional records identified
through other sources

(n = 3)

Records after duplicates removed
(n = 352)

Records screened
(n = 352)

Records excluded
(n = 295)

Full-text articles assessed
for eligibility

(n = 57)

Studies included in qualitative
synthesis (n = 31) and

quantitative synthesis (meta-
analysis) (n = 31)
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23 TSA/HA studies 8 RSA studies

 Full-text articles excluded,
 with reasons (n = 26)
- Abstract only (9) 
- Non-stemless implant (5)
- Registry study (1) 
- Identical cohorts (2) 
- Follow up < 24 months (9)

Fig. 1 A PRISMA flow chart of the inclusion and exclusion 
criteria of the study.
Note. TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; RSA, reverse 
shoulder arthroplasty.
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adjusted CMS gain was significantly higher comparing the 
Simpliciti (n = 149) to the Eclipse (n = 431) systems (49% 
vs. 35%, p = 0.002, I2 = 89.3), although results of the Sim-
pliciti system were provided by only one study.32 No sig-
nificant differences were found in the ASES score between 
TSA/HA systems, although data were sparse. DASH scores 
were reported too infrequently to perform a subgroup 
analysis, which was also the case for the ASES and DASH 
scores in RSA studies. In RSA studies the CMS did not show 
a significant difference between the two systems.

A comparison between HA results8,35,36 and TSA resu-
lts8,9,22,23,32,35,36 did not reveal any significant difference in 
adjusted CMS (p = 0.42). When comparing studies with 
short- (mean 2.5 years) to medium-term (mean 7.1 years) 
follow-up, also no significant difference was found in 
absolute CMS (p = 0.27) or adjusted CMS (p = 0.52).

A subgroup analysis of range of motion results between 
all five TSA/HA systems revealed a statistically significant 
lower increase of forward elevation with the Eclipse com-
pared to the Affinis (31° vs. 62° gain, p = 0.02, I2 = 81.6) 
and to the Sidus system (31° vs. 52° gain, p = 0.04, I2 = 
75.4). External rotation was reported with all systems 
except the Affinis. In a comparison between these four, 
the Eclipse performed worse compared to the Sidus sys-
tem (18° vs. 30° gain, p < 0.001, I2 = 95.7). Other compar-
isons in forward elevation or external rotation yielded no 
significant differences. Abduction was only reported for 
TESS and Eclipse systems and did not show a significant 
difference. In the RSA group, the range of motion was only 
sufficiently reported by studies with the TESS RSA system.

Radiographic outcome measures

The most frequently reported radiologic outcomes around 
the humeral implant were radiolucent lines (RLLs) or 
osteolysis. The difference between these findings lies in 
their theoretical aetiology. RLLs are thought to be an early 
sign of component loosening. Osteolysis can be caused 
by polyethylene particle disease usually presenting at the 
bone–implant interface, or by stress shielding usually pre-
senting as decreased bone mineral density at the calcar or 
greater tubercle.

Radiographic outcomes regarding the humeral com-
ponent were reported in 19 out of 23 studies in the 
TSA/HA group (Table 6). RLLs and osteolysis (or stress 
shielding) around the humeral implant were observed 
in 7.1% and 7.7% of cases. Humeral component migra-
tion was seen in eight out of 1184 cases (0.7%). These 
eight cases were all reported by Bülhoff et al with TESS 
implants at a mean follow-up of 3.1 years.31 Of all 
382 hemi-arthroplasties, glenoid erosion was seen in 
50 cases (13.1%). Superior migration of the humerus, 
described as a loss of the gothic arch, was observed in 
44 of 1184 cases (3.7%).
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The presence of progression of osteolysis was reported 
in nine studies (n = 808). At a mean follow-up of 2.5 
years, seven cases of progressive osteolysis were reported 
(0.9%).6,41 All of these were TSA cases. Of these, four were 
patients with rheumatoid arthritis and of these, three 
showed deterioration of clinical outcome, for which one 
was revised.41 No implant loosening was seen intraop-
eratively. Apart from these three cases, none of the other 
studies reported a correlation of their radiologic findings 
with functional outcome.

In RSA literature, only three articles observed radiologic 
abnormalities around the humeral implant. Osteolysis was 
reported in one case,44 radiolucent lines in three cases,47 
and migration of the humeral component was seen in one 
case which did not require revision.45 Glenoid notching 

was observed in all articles, with an overall incidence of 
18.4% (67 out of 353 cases) at a mean follow-up of 3.8 
years. Grade 1 or 2 was seen in 51 cases (76.1%), Grade 3 
in three (4.5%). No Grade 4 notching was found, and in 
13 cases grades were not specified (19.4%). No correla-
tion to outcome was found. No significant difference in 
notching between the Verso and TESS systems was found 
(18.1% vs. 18.6%, p = 0.89).

When comparing the incidence of RLLs between systems 
corrected for follow-up, the annual rates of RLLs reported 
with the Affinis, Eclipse and Simpliciti systems were sig-
nificantly higher than the rates reported with the TESS or 
Sidus systems (p < 0.05) (Fig. 5). Differences between the 
Sidus and TESS, and between the Affinis, Eclipse and Sim-
pliciti systems were not significant (p > 0.05).

Table 3. Quality assessment of the included studies using the Methodological Index for Non-Randomized Studies (MINORS) criteria

Authors Year Journal Evidence Study design 1 2 3 4 5 6 7 8 9 10 11 12 Total % of 
max.

TSA/HA studies
Aibinder et al27 2019 JSES IV Retrospective cohort 

comparison
2 1 0 2 1 2 1 0 2 0 1 1 13 54%

Athwal et al42 2019 JSES IV Prospective case series 2 1 2 2 1 2 1 2 13 81%
Ballas et al6 2016 Intern Orthop IV Retrospective case series 2 2 0 2 1 2 2 0 11 69%
Beck et al28 2018 Intern Orthop IV Prospective case series 2 1 2 2 0 2 1 0 10 63%
Bell and Coghlan55 2014 IJSS IV Prospective case series 1 1 2 2 1 1 1 0 9 56%
Bell et al25 2019 JSES III Retrospective cohort 

comparison
2 2 2 2 0 2 0 0 2 1 1 2 16 67%

Berth and Pap9 2013 JOT II Prospective randomized 2 1 2 2 0 2 0 0 2 2 2 1 16 67%
Brunner et al30 2012 Ob Extrem IV Prospective case series 2 1 2 1 0 1 0 0 7 44%
Bülhoff et al31 2019 AOTT IV Retrospective case series 2 1 0 2 0 2 1 0 8 50%
Churchill et al32 2016 JBJS IV Prospective case series 2 2 2 2 1 2 1 2 14 88%
Collin et al33 2017 Intern Orthop IV Prospective case series 2 2 2 2 0 2 1 0 11 69%
Gallacher et al34 2018 JSES IV Retrospective case series 1 2 0 2 0 2 1 0 8 50%
Habermeyer et al35 2015 JSES IV Prospective case series 2 2 2 2 0 2 1 0 11 69%
Hawi et al36 2017 JSES IV Prospective case series 2 2 2 2 0 2 1 0 11 69%
Heuberer et al8 2018 BMC Musc Dis IV Prospective case series 2 2 2 2 0 2 1 2 13 81%
Huguet et al37 2010 JSES IV Prospective case series 2 1 2 2 0 2 1 0 10 63%
Johansson et al49 2017 BMC Musc Dis IV Retrospective cohort 

comparison
2 2 0 2 0 2 0 0 1 2 1 2 14 58%

Jordan et al41 2019 Musc Surg IV Retrospective cohort 
comparison

2 2 0 2 0 2 1 0 1 1 0 2 13 54%

Krukenburg et al 2018 JSES IV Prospective case series 2 2 2 2 0 1 1 2 12 75%
Moursy et al40 2019 BMC Musc Dis IV Prospective case series 1 2 0 2 0 2 1 0 8 50%
Razmjou et al23 2013 JSES III Prospective controlled 2 2 2 2 0 1 1 0 2 1 1 2 16 67%
Spranz et al26 2017 BMC Musc Dis III Prospective controlled 2 1 2 2 0 2 0 0 2 2 0 1 14 58%
Uschok et al22 2017 JSES II Prospective randomized 2 2 2 2 0 2 1 0 2 2 1 1 17 71%
RSA Studies
Atoun et al43 2014 Intern Orthop IV Prospective case series 2 1 2 2 2 2 1 0 12 75%
Ballas and Béguin44 2013 JSES IV Prospective case series 2 1 2 2 1 2 1 0 11 69%
Beck et al29 2019 AOTS IV Prospective case series 1 1 2 2 0 2 1 0 9 56%
Kadum et al24 2014 Intern Orthop III Prospective controlled 2 2 2 2 2 1 1 0 1 2 1 1 17 71%
Leonidou et al45 2020 EJOST IV Prospective case series 2 0 2 2 1 1 0 0 8 50%
Levy et al46 2016 JSES IV Prospective case series 2 2 2 2 2 1 2 0 13 81%
Moroder et al47 2016 Intern Orthop IV Retrospective cohort 

comparison
2 2 0 2 2 1 1 0 2 1 2 1 16 67%

Teissier et al48 2015 JSES IV Prospective case series 0 2 2 2 0 1 1 0 8 50%

Notes. The criteria of MINORS with 0 points when not reported, 1 when reported but not adequate, and 2 when reported and adequate. Maximum score is 16 in 
non-comparative studies and 24 in comparative studies.
% of max., percentage of maximum score; JSES, Journal of Shoulder and Elbow Surgery; Intern Orthop, International Orthopedics(SICOT), IJSS, International Journal 
of Shoulder Surgery; JOT, Journal of Orthopaedics and Traumatology; Ob Extrem, Obere Extremität; AOTT, Acta Orthopaedica et Traumatologica Turcica; JBJS, Journal 
of Bone and Joint Surgery; BMC Musc Dis, BioMed Central Musculoskeletal Disorders; EJOST, European Journal of Orthopaedic Surgery & Traumatology; WJO, World 
Journal of Orthopedics; Musc Surg, Musceloskeletal Surgery; AOTS, Archives of Orthopaedic and Trauma Surgery.
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Results of stemless shouldeR aRthRoplasty

When comparing the incidence of reported humeral 
osteolysis between systems corrected for follow-up, the 
annual rates of osteolysis reported with the Affinis and 
Eclipse systems were significantly higher compared to the 
rates reported with the Sidus, TESS or Simpliciti systems 
(p < 0.05). There was no significant difference between 
the Affinis and the Eclipse systems (p = 0.99). Also, no sig-
nificant difference was found in incidence between the 
Sidus, TESS or Simpliciti systems (p > 0.05).

Complications/revisions

The overall complication rate in the TSA/HA group was 9.7% 
at a mean follow-up of 3.0 years (Table 7). A total of nine 
humeral-component-related complications were reported 
(0.6%). Two cases of humeral loosening were described 

(Sidus, Eclipse), of which one was revised (Sidus).30,42 Seven 
were intraoperative fractures (5 TESS, 2 Sidus), which were 
treated conservatively.37,38,42 A total of 93 reoperations were 
performed (6.0%). Of these, 79 were revisions (5.1%).

In the RSA group, the overall complication rate was 
13.7% (50 of 365 cases) at a mean follow-up of 3.8 years 
(Table 8). Humeral-component-related complications 
were observed in six cases (1.6%). Two were loosening of 
TESS implants reported by Kadum et al in the first postop-
erative week, which may be due to malpositioning.24 Four 
cases were intraoperative non-displaced fractures during 
implantation of a Verso implant, which were treated con-
servatively.43,46 Of the 26 reoperations, a total of 21 were 
revision cases (5.8%).
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Fig. 2 A forest plot showing the absolute CMS increase of TSA/HA and RSA studies.
Note. CMS, Constant-Murley score; TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; RSA, reverse shoulder arthroplasty; IV, inverse variance; CI, 
confidence interval.
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Fig. 3 A forest plot showing the adjusted CMS increase of TSA/HA studies.
Note. CMS, Constant-Murley score; TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; IV, inverse variance; CI, confidence interval.
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To compare complication and revision rates between 
systems, a subgroup analysis corrected for follow-up was 
performed. In the TSA/HA group, the annual complica-
tion rate was significantly lower with the Simpliciti system 
compared to the Eclipse, Sidus or TESS systems (p = 0.01; 
p = 0.04; p = 0.03) (Fig. 6). No other comparison revealed 

a significant difference. When comparing revision rates, 
the Sidus system had a significantly lower annual rate 
compared to the Affinis or Eclipse systems (p = 0.03; p = 
0.02) (Fig. 6). In the RSA group no significant differences 
were found in annual complication and revision rates 
between the two systems (p > 0.05).

Table 4. Summary of patient-reported outcome measures

Outcome No. shoulders (studies) Postop, WM Mean gain P-value 95% CI of gain

TSA/HA
CMS abs. 716 (11) 68.1 35.2 < 0.001 27.6, 42.9
CMS adj. 716 (10) 84.0 40.0 < 0.001 33.1, 46.8
ASES 369 (5) 89.2 53.5 < 0.001 44.3, 62.7
DASH 12 (1) 5.9 –42.9 < 0.001 –51.4, –34.4
QuickDASH 48 (2) 20.2 –41.0 < 0.001 –58.7, –23.2
RSA
CMS abs. 190(4) 63.8 35.2 < 0.001 23.9, 46.4
QuickDASH 28 (2) 29.3 –39.9 < 0.001 –49.5, –30.4

Note. TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; RSA, reverse shoulder arthroplasty; WM, weighted mean.

Table 5. Combined range of motion results of TSA/HA and RSA studies

Outcome No. shoulders (studies) Postop, WM Mean gain P-value 95% CI of gain

TSA/HA
Elevation 947 (15) 137º 46º < 0.001 39, 53
Abduction 532 (9) 122º 52º < 0.001 42, 62
Ext. rotation 881 (12) 44º 22º < 0.001 17, 27
RSA
Elevation 175 (4) 139º 63º < 0.001 49, 77
Abduction 119 (3) 132º 69º < 0.001 47, 91
Ext. rotation 147 (2) 41º 22º < 0.001 4, 41

Note. TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; RSA, reverse shoulder arthroplasty; WM, weighted mean; Ext, external.
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Fig. 4 A forest plot showing the subgroup analysis of the absolute CMS between different anatomic systems.
Note. CMS, Constant-Murley score; IV, inverse variance; CI, confidence interval.
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Results of stemless shouldeR aRthRoplasty

Discussion
This systematic review of 31 included studies reporting 
data on a total of 1,944 shoulders provides an overview 
of all types of stemless shoulder arthroplasty. The findings 
of this review show good clinical results in the short and 
medium term in stemless hemi-, total or reverse shoul-
der arthroplasty. All reported systems performed well, 
although according to our subgroup analysis some differ-
ences were seen which may be attributed to differences 
in baseline characteristics and high study heterogeneity.

Clinical outcome

Functional results in the short- and medium-term follow-
up were overall good for the TSA/HA as well as the RSA 
group as improvement of the CMS exceeded both the 
minimal clinically important difference (MCID)50,51 and 
the substantial clinical benefit (SCB).54 This was also the 
case for the ASES in the TSA/HA group, as well as the 
range of motion in all three directions in both groups.50,52

The seven included comparative studies, of which two 
were RCTs, found no significant clinical differences when 
compared to conventional stemmed anatomic and reverse 

shoulder arthroplasty.9,22–24,26,47,53 These results confirm 
the overall results of this review, which resemble those 
of conventional third-generation stemmed anatomic54–58 
and reverse shoulder arthroplasty.59,60

Radiographic outcomes

Radiographic abnormalities are of interest, as they possi-
bly influence outcome4 and may be a predictor for aseptic 
loosening as is seen in hip61 or knee62 arthroplasty. Bell 
et al25 compared osteolysis rates of 23 stemless TSAs with 
39 stemmed TSAs at 5.5 years follow-up and found a sig-
nificantly higher rate of osteolysis in the stemmed group 
(p = 0.005). However, clinical outcome was not worse in 
the stemmed group.

Osteolysis rates at the proximal humerus in conven-
tional stemmed TSAs are reported between 23% and 
63%.4,54,57,63,64 These rates are higher compared to the 
results reported in this review, although follow-up is 
longer in some of these stemmed studies. Nevertheless, 
the lower rates in this study are in line with the finite ele-
ment analysis by Razfar et al.65 They found significantly less 
cortical bone stress in their model when using traditional 
stemmed TSAs compared to stemless and short-stemmed 

Table 6. Incidence rates of humeral radiolucent lines and osteolysis in the TSA/HA group at time of final follow-up, categorized per system

Implant No. shoulders (studies) RLLs Annual rate Osteolysis Annual rate Follow-up (WM, yrs)

Affinis 58 (3) 10 (17.2%) 4.0% 9 (15.5%) 3.6% 4.3
Eclipse 571 (7) 64 (11.2%) 2.8% 88 (15.4%) 3.9% 3.9
Sidus 361 (3) 4 (1.1%) 0.6% 4 (1.1%) 0.6% 2.0
Simpliciti 196 (2) 17 (8.7%) 3.9% 0 – 2.2
TESS 148 (4) 0 – 1 (0.7%) 0.1% 2.9
Total 1334 (19) 95 (7.1%) 2.1% 103 (7.7%) 2% 2.9

Note. TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; RLLs, radiolucent lines; WM, weighted mean; yrs, years.
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44

TSAs. Additionally, they found significantly higher tra-
becular bone stresses in stemless compared to stemmed 
TSAs.65 Both suggesting a lesser probability of stress 
shielding in stemless designs. Furthermore, higher meta-
physeal volumetric fill ratios are found to have a signifi-
cant correlation to stress shielding, suggesting that less 
filling of the metaphysis results in less stress shielding.57,66 
This could be an explanation behind the lower rates of 
radiologic abnormalities seen in this stemless series.

The incidence of radiolucent lines or osteolysis in the 
RSA group was very low, both reported in < 1% of cases. 
Glenoid notching was found in an overall 18.4% of cases 
at a mean 3.8 years of follow-up. Rates of notching in con-
ventional stemmed RSAs vary widely, with rates reported 
from 4.6% up to 96% in the literature.67 Notching is a mul-
tifactorial problem, which appears to have a correlation 
to function.68,69 It is unclear what the role of the stemless 
component has in this low rate, as glenoid component 

Table 7. An overview of all complications and reoperations in the stemless TSA/HA group

Complication No. cases Percentage overall Percentage of all 
complications

Reoperations Percentage overall Percentage of all 
revisions

Humeral component related
  Humeral loosening 2 0.1% 1% 1 0.1% 1%
  Humeral i.o. fracture 7 0.5% 5% –  
Glenoid component related§

  Glenoid loosening 12 1.1%§ 8% 8 0.7%§ 10%
  Glenoid i.o. fracture 8 0.7%§ 5% –  
  Disassembly glenoid liner 1 0.1%§ 1% 1 0.1%§ 1%
Hemi-arthroplasty related‡

  Sympt. glenoid erosion 12 3.1%‡ 8% 12 3.1%‡ 15%
General complications
  Cuff insufficiency 53 3.7% 35% 33 rev/3 tt 2.3%/0.2% 42%
  Infection 19 1.2% 13% 18 1.2% 23%
  Postop traumatic fracture 7 0.5% 5% 3 rev/2 ORIF 0.2%/0.1% 4%
  Frozen shoulder 5 0.3% 3% 3 0.2%  
  Instability 2 0.1% 1% 2 0.1% 3%
  Biceps tendonitis 3 0.2% 2% 3 0.2%  
  Undefined pain 3 0.2% 2% 1 0.1% 1%
  Painful os acromiale 1 0.1% 1% 1 0.1%  
  Hematoma 1 0.1% 1% 1 0.1%  
  Thrombosis 1 0.1% 1% –  
  Temp. neuropraxia 7 0.5% 5% –  
  Other 6 0.4% 4% –  
Total 150 9.7% 92 6.0%  

Note. TSA, total shoulder arthroplasty; HA, hemi-arthroplasty; No., number; i.o., intraoperative; sympt., symptomatic; temp., temporary; rev, revision 
arthroplasty; tt, tendon transfer; ORIF, open reduction internal fixation.
§Rates are presented as  a percentage of total number TSA implants. ‡Rate is presented as a percentage of total HA implants.

Table 8. An overview of all complications and reoperations in the stemless RSA group.

Complication No. cases Percentage 
overall

Percentage of all 
complications

Reoperations Percentage overall Percentage of all 
revisions

Humeral component related
  Humeral loosening 2 0.5% 4% 2 0.5% 10%
  Humeral i.o. fracture 4 1.1% 8% 0 –  
Glenoid component related
  Glenoid loosening 2 0.5% 4% 2 0.5% 10%
  Glenoid i.o. fracture 2 0.5% 4% 0 –  
  Disassembly glenosphere 7 1.9% 14% 7 1.9% 33%
General complications
  Post-op traumatic fracture 14 3.8% 28% 3 0.8% 14%
  Scapular stress fracture 5 1.4% 10% 1 0.3%  
  Instability 8 2.2% 16% 8 (6 rev) 2.2% (1.6%) 29%
  Infection 1 0.3% 2% 1 0.3% 5%
  Frozen shoulder 3 0.8% 6% 0 –  
  Hematoma 1 0.3% 2% 1 0.3%  
  Painful os acromiale 1 0.3% 2% 1 0.3%  
Total 50 13.6% 26 7.1%  

Note. RSA, reverse shoulder arthroplasty; No., number; i.o., intraoperative; temp, temporary.
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positioning is most likely a more important factor.67 A pos-
sible theory could be the flexibility in positioning of the 
humeral component, which could result in a lower neck 
shaft angle, resulting in lower notching rates. Neverthe-
less, these relatively low rates are promising.

Complications

Reported overall complication rates were low, with a total 
rate of 9.8% of TSA/HA and 13.7% of RSA cases. Only a few 
were related to the humeral component, with a reported 
0.6% and 1.6% of cases respectively. In a comprehensive 
review, Bohsali et al reported an overall complication rate 
of 10.3% of stemmed TSAs and 16.1% of stemmed RSAs, 
and a loosening rate of 0.1% of TSAs and 0.7% of RSAs.70 
These are all comparable to the rates in this series.

The loosening rate in the TSA/HA group is, however, 
much lower compared to the series of Gonzalez et al (6% 
of TSAs and HAs), which can be explained by the high 
loosening rates of uncemented stems in several studies 
included in their series (up to 48.7%).1

RSA overall complication rates were lower in this series 
compared to the 24% overall rate Zumstein et al found in 
their review of 782 stemmed RSAs.71 This can be explained 
by the difference in indication, as stemless RSA was placed 
predominantly in CTA patients (71%), and only 6% were 
revision cases.

Interestingly, the instability rate of 2.0% of stemless 
RSAs in this series is significantly lower than the rates 
reported in the literature (4.7%71 to 5%70). Since many 
different patient-, implant- or technique-related factors 
influence stability, it is unclear what precisely causes the 
lower rate in this review. As stated before, a possible rea-
son could be the difference in indications in this study 
compared to other reviews.

Another notable difference compared to stemmed 
implants was the incidence of intraoperative humeral frac-
tures. The rate in the TSA/HA group was 0.5%, compared 

to 1.9%1 or 2.3%70 in the literature. In the RSA group the 
rate was 1.1%, versus 3.0% found by Zumstein et al.71 It 
can be assumed that the absence of medullary preparation 
and the implantation of a substantially smaller humeral 
implant is the cause of this lower rate.

Cuff insufficiency or secondary tears were higher in the 
present study compared to stemmed TSA literature (3.7% 
versus 0.9%72 or 2.7%1). This is primarily caused by the 
relatively high rate in four studies (overall 9.6%),8,34–36 
which can be partly explained by the indications, as cuff 
tear arthropathy or cuff tears were not considered a con-
traindication in two of these.35,36

Infection rates in this series are comparable to those 
reported in the literature (1.2% versus 0.5–1.1%).1,70,72 
However, the majority of infections (10) were reported by 
Johansson et al in their retrospective cohort of 102 Eclipse 
implants.49 They found a significantly higher rate com-
pared to conventional stemmed arthroplasty. Although 
baseline characteristics of the two cohorts were not similar 
(more male and lower age in the stemless group), it was 
unclear what caused their unusually high rate of infec-
tions (9.8%).

Revisions

The overall revision rate was 5.1% in the TSA/HA group 
at three years follow-up. The most common reasons in 
the TSA/HA group were rotator cuff failure (2.5%), infec-
tion (1.2%) and symptomatic glenoid erosion (3.1%). In 
a registry study by Dillon et al with a mean follow-up of 
3.3 years including 3,026 TSAs and 2,179 HAs, the over-
all revision rate of stemmed TSA was 2.1% and of HA 
6.2%.72 When combined, their rate was 3.2%, which is 
lower compared to this series. However, compared to the 
TSA/HA series of Gonzalez et al, overall revision rates in 
this series are lower (5.1% vs. 7.9%).1 They found glenoid 
component loosening the most frequent reason for revi-
sion in TSAs, which is most likely due to their higher mean 
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follow-up of six years. Revision rates for glenoid erosion 
vary in the literature, with rates reported from 1.7%72 to 
6.2%.1 The rate of 3.1% in this series is therefore compara-
ble to the literature.

In the RSA group the overall revision rate was 5.8% 
at 3.6 years follow-up. The most common reasons were 
glenosphere disassembly (1.9%), instability (1.6%) and 
periprosthetic postoperative fracture (0.8%). This over-
all rate is lower compared to the series of Zumstein et al 
(10.1%), which can be explained by the much higher per-
centage of revision cases in their series (28%).71 The rate 
is similar to the rate reported in the study of Dillon et al 
(5.1%). Glenosphere disassembly occurred relatively fre-
quent, with a total of seven cases. However, in three cases 
it was caused by trauma45(Verso), another three cases 
were caused by difficulty implanting the glenoid compo-
nent44 (TESS), which did not occur after a glenoid design 
modification.

Implant comparisons

Compared to the Simpliciti and TESS, the Eclipse seems 
to have significantly lower outcomes in CMS and range 
of motion. As baseline characteristics between stud-
ies are substantially different, it is not possible to draw 
strong conclusions from this analysis. For instance, the 
Eclipse group has a much higher rate of included HAs 
(43% vs. 4% in the Simpliciti and 28% in the TESS group). 
Although our subgroup analysis comparing HA and TSA 
did not reveal significant differences, it has been reported 
in the literature that HA performs worse in clinical out-
come compared to TSA.73,74 Krukenberg et al also found 
a significantly greater increase of CMS, ASES and range of 
motion in 73 TSAs versus 32 HAs using the Sidus system 
in osteoarthritis patients.38 However, no information was 
given regarding baseline characteristics, and the study 
was performed at nine different centres with potential dif-
ferences in evaluation and in indications for HA and TSA. 
Due to incomplete data, this study was not included in the 
subgroup analysis.

When comparing radiologic results between systems, 
annual incidence of RLLs was significantly higher with the 
Affinis, Eclipse and Simpliciti compared to the Sidus and 
TESS systems. Annual osteolysis rates were significantly 
higher in the Affinis and Eclipse systems compared to the 
other three systems.

The results of this subgroup analysis were partly 
confirmed by the finite element analysis carried out by 
Comenda et  al.75 In their study they compared bone 
resorption rates between different stemless implant 
designs. The Eclipse system performed worse with regards 
to bone resorption and adaptation compared to the Sim-
pliciti and Sidus systems.75 The other systems were not 
included in their analysis.

In the comparison of complication rates between sys-
tems, the Simpliciti performed better compared to the 
Eclipse, Sidus and TESS systems. The majority of stemless 
shoulders in the Simpliciti series were described by the 
well-designed prospective case series of Churchill et al.32 
They used relatively strict inclusion criteria, which may 
be the reason for their low complication rate. The Sidus 
had a lower annual revision rate compared to the Affinis 
and Eclipse systems. A possible reason could be the lower 
rate of HAs included in the Sidus cohort (9% vs. 27% and 
43%), which can be the cause of lower revision rates.73,76 
However, when not including revision cases for glenoid 
erosion, the difference between these systems was still 
significant. Another reason could be the overall high 
rate of primary osteoarthritis patients in the Sidus group 
compared to the other groups, 98% vs. 54% and 57% 
respectively, as substantial differences in indications could 
influence revision rates.

Strengths and limitations

The strength of this study lies in its methodology. Most 
of the steps were performed by two reviewers, indepen-
dently. Furthermore, only studies with results of two years 
follow-up or longer are included, which avoids a possible 
negative influence on results by inclusion of very short-
term data. Another strength is the subgroup analysis, 
which provides new information regarding differences 
between systems.

The first limitation of this study lies in the fusion of TSA 
and HA results, since most of the included articles did not 
distinguish between TSA and HA results. As moderate evi-
dence shows that results of HA might be inferior to TSA,73 
combining these results could negatively influence TSA 
results. It should also be noted that substantial differences 
in baseline characteristics between TSA and HA patients 
commonly exist, such as age, osteoarthritis grade, indica-
tion, etc. In an attempt to analyse a difference in outcome 
between these two types, we performed a subgroup anal-
ysis comparing stemless TSA versus HA results. No sig-
nificant difference in CMS or ROM was found, although 
baseline characteristics between these groups were not 
provided or were very sparse. Therefore, these results 
should be interpreted with caution. The second limitation 
of this review lies in the differences of design in stemless 
systems. This makes an overview of results less reliable, as 
every feature might have its own possible advantage or 
disadvantage. In the current literature, it is not possible to 
assess the influence of these features independently. The 
third limitation is high study heterogeneity, with substan-
tial differences in baseline characteristics, which makes 
comparisons between studies or systems less reliable. 
Additionally, most are single-surgeon series, with differ-
ences in indication and approach. Most of these studies 
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have a low quality of evidence, with a short overall mean 
follow-up of 3.2 years, and with the majority having a 
high risk of bias. Additionally, five out of eight RSA studies 
and 13 out of 23 studies report a possible conflict of inter-
est, although a subgroup analysis did not show superior 
results comparing absolute CMS and forward elevation in 
studies with a possible conflict of interest to studies with-
out. Another weakness are the sparse data regarding dif-
ferent patient- and surgeon-reported outcomes, and the 
wide array of different scores used in studies. From a total 
of nine different outcome scores, the CMS was described 
most, followed by the ASES score. The CMS is the only 
outcome score that includes an objective strength and 
function measurement. Although mentioned in one table 
with other patient-reported outcome scores, the results of 
the CMS should not be interpreted as such. With regard 
to the subgroup analyses, the most important weakness is 
the difference in follow-up between systems. Outcomes 
deteriorate over time. In an attempt to assess differences 
between short- and medium-term follow-up, an analysis 
was performed which revealed no significant differences 
in CMS. Although this comparison was performed across 
different systems, and high heterogeneity was present. 
We used annual rates to compare radiologic outcomes 
and complication and revision rates between systems. It 
is important to note that most findings do not have a lin-
ear correlation with time. For instance, rates of radiologic 
abnormalities around the humeral implant are higher with 
longer follow-up, but their first appearance can take up to 
four years.4

Conclusion
This systematic review and meta-analysis of 31 studies 
with a total of 1,944 stemless TSA, HA or RSA implants, 
shows good functional results in the short- and medium-
term follow-up. When comparing these results to conven-
tional stemmed shoulder arthroplasty literature, similar 
functional outcome, complication and revision rates were 
found. Radiologic outcomes are better when compared 
to stemmed implants, although a correlation to improved 
clinical outcomes has to be shown. Subgroup analyses 
revealed significant differences between stemless systems, 
although firm conclusions cannot be drawn, as the qual-
ity of the evidence was low with high study heterogeneity 
and substantial differences in baseline characteristics and 
follow-up. Therefore, this review found no clinical advan-
tage of stemless over conventional systems in the short- 
and medium-term follow-up, although there might be an 
advantage during revision surgery. Although these results 
are promising, there is still a need for well-designed long-
term randomized trials with sufficient power in order 
to assess the superiority of stemless over conventional 
arthroplasty, and of one design over another. Additionally, 

a well-designed study is needed to analyse the success of 
revision after primary stemmed versus stemless designs.
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