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ABSTRACT

Background: Great variety of short stem designs have been introduced in the market in order to find the
ideal combination of bone and soft tissue preservation, optimal stress distribution, excellent functional
outcome and survival rates.

Purpose: Summarize and analyze the published data, in terms of clinical and radiological outcomes,
complications, revision rates, and implant survival, on tapered-wedge short femoral stems which have
metaphyseal only or metaphyseal-proximally diaphyseal fixation and require conventional neck osteotomy.
Methods: Review of literature databases, using the MEDLINE, Embase, and Web of Science, was conducted
based on strict inclusion and exclusion criteria to identify studies reporting clinical and radiological
outcomes for this specific type of short femoral stems.

Results: Thirty-six studies involving 3535 patients (3786 hips) with a mean age of 61.3 (27.5-74.42) years
in a mean follow up of 45.54 (12-120) months were included. Mean Harris Hip Score improved from 45.72
(27.29-60) to 91.44 (83.1-100). The mean University of California at Los Angeles activity level and mean
Merle d’ Aubigné functional score was improved from 3.71 (3-3.9) to 6.06 (4.7-7.5) and 10.4 (8.5-11.5) to 17.29
(15.5-17.8) points, respectively. Femoral stem was implanted in neutral coronal alignment in 63.6% hips.
A total of 30 studies reported revision rate, which was 0.03% (0-17%) and 12 studies presented component
survivorship, which was 99% (96-100%) in average of 5.5 years.

Conclusions: Short, tapered-wedge stems with metaphyseal or meta-diaphyseal fitting demonstrate similar
excellent clinical outcomes, survivorship and revision rates with low incidence of complications, as the
conventional length or other types of short femoral components. Some concerns regarding the incidence of
stress shielding phenomenon and coronal stem malalignment have been raised, requiring further evaluation
through long-term studies.
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Introduction

An increased rate of 8% in cementless short stem
total conventional hip arthroplasty (THA) has been
recorded by Australian registry in 2019 (1). Short
stems have been designed with the theoretical ad-
vantages of accommodating less invasive surgical
techniques, sparing bone and soft tissue, optimizing
stress distribution at the proximal femur, minimiz-
ing stress shielding effect, reducing the incidence of
thigh pain, and simplifying future revisions (2,3).
Studies have demonstrated that short stems load
better the proximal metaphysis and improve prox-
imal implant fixation, reproducing a biomechanical
behavior more similar to the physiological bone,
hence, they provide higher osseointegration rates
minimizing stress-mediated bone resorption (4,5).

Although the risk of aseptic loosening and intra-
operative fractures using short stems is better or
comparable to conventional stems, high rates of
revision are still reported due to primary instabil-
ity and pain (4,6). The 15-year cumulative percent
of revision for primary THA using short stems was
6.3% compared to 7.8% for conventional femoral
stems, in 2020 (1). However, because of the great
variability of short stems in terms of design, bio-
mechanics, and principles of fixation, the clinical
results should be interpreted with great criticism.
In the last decade, tapered-wedge short stems with
meta-diaphyseal fixation have been introduced in
the market and they have become more popular,
aiming to maintain the advantages of short femoral
protheses, but additionally to reduce micro-rotation
due to meta-diaphyseal fitting (7-9).

There are many classifications of short stems de-
scribed in the literature. Khanuja et. al. (10) defined a
classification system of short stems based on fixation
principles and location of proximal loading, with
the following categories: femoral neck only, calcar
loading, lateral flare calcar loading, and shortened
tapered. Feyen et. al. (11) classified the short stems
in five categories according to the required level of
femoral neck osteotomy and the intended site of pri-
mary stability. McTighe et al. (12) advocated a clas-
sification system by primary stabilization contact
regions, which consists of head stabilized, neck sta-
bilized, metaphyseal stabilized, and conventional

metaphyseal /diaphyseal stabilized. Falez et. al. (13)
classified short stems based on the level of femoral
resection and proposed 5 categories: collum, partial
collum with neck preserving osteotomy, trochanter
sparing and trochanter harming. Summarizing ex-
isting classification systems and accounting for all
short stem characteristics, Gomez-Gardcia et al. (14)
presented a nomenclature-coding system. Tournier
et. al. (15) proposed a 5-fold classification based on
the anchorage zone inside the femur for the French
Hip & Knee Society (SFHG).

The purpose of this systematic review is to sum-
marize and critically analyze the published litera-
ture focused on short femoral stems which are ta-
pered wedge design (type-4 by Khanuja et. al. (12)),
require conventional osteotomy, and have metaphy-
seal only or metaphyseal-proximally diaphyseal fix-
ation (type IVB by Feyen et. al. (13) and either class
3 or 4 by McTighe et. al. (14)). We particularly aim
to assess short stems with these specific characteris-
tics in terms of clinical and radiological outcomes,
complications, revision rates, and implant survival.

Methods

This systematic review was designed and conduct-
ed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement (16).

A comprehensive electronic search of MED-
LINE, Embase, and Web of Science from the ear-
liest available year of indexing until October 2021
was conducted. We screened databases by using
the following keywords and their combinations:
short stem, conventional osteotomy, tapered-wedge
design, new generation, meta-diaphyseal fixation,
metaphysis and diaphysis fixation, Tri-Lock BPS
(Tri-Lock Bone Preservation Stem), Taperloc, Ta-
perloc Microplasty, Accolade II, Accolade 2, Cent-
pillar TMZH, Centpillar GB, Centpillar, MINIMA S,
MINIMA Lima, Optimys, Optimys Robert Mathys,
Fitmore, Exacta, Exacta S, GTS stem, GTS Biomet,
CLS Brevius, CLS stem, AJS Implantcast, Balance Bi-
omet, Balance Microplasty, Symbios SPS, Symbios.
Following the electronic search, we carried out sup-
plementary manual research of the reference lists
of all retrieved articles to identify potential eligible
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Figure 1

studies. Abstracts of all citations were screened, and
full texts of articles were assessed to decide on in-
clusion of relevant studies. The attrition flowchart is
shown in Figure 1.

The authors independently review the articles,
extracting data relating to the design of the study,
the period of study, case selection, the assessment
of outcome, the demographic characteristics of the
patients, the follow up, and femoral prothesis type.
The inclusion criteria for this systematic review
were as follows: (I) reporting THA with a short, ta-
pered-wedge, meta-diaphyseal fitting stem, which
required conventional osteotomy; (II) retrospective
or prospective studies including randomized con-
trolled trials, non-randomized trials, cohort stud-
ies, case-control studies, and case series studies;
(III) comparative studies of femoral stems, which
provide clear separation of data; (IV) at least one
functional assessment score; (V) a minimum of 24
months follow up; (VI) the language of the publica-
tions was limited to English. The exclusion criteria
were as follows: (I) comparative studies of stems

without clear separation of data; (II) comparative
studies with subgroups of the same prothesis; (III)
nonhuman subjects; (IV) revision surgery; (V) pa-
pers not related to the research item. All relevant
studies were assessed according to their Levels of
Evidence (LOE) based on the 2011 Oxford Centre for
Evidence-based Medicine(17). Data were expressed
with mean * standard deviations (SD) and range of
minimum and maximum for continuous variables
and with number of cases or percentage for categor-
ical variables.

Results

A total of 36 studies were identified, following the
research protocol, between 2014 and 2021. There
were 5 randomized control trials (LoE I), 9 prospec-
tive cohort studies (LoE II), 1 prospective compar-
ative study (LoE II), 7 retrospective cohort studies
(LoE III), 4 retrospective comparative studies (LoE
III), 5 prospective observational studies of case se-
ries (LoE IV), 5 retrospective observational studies
of case series (LoE IV). A total of 3786 stems, used
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TABLE 1,

Patients” Demographic data

Duration of
No No Mean age Mean body mass Dorr

STUDY Stem type LoE Hips | Patients Males | Females (years) index (kg,/m2) A/B/C f(oﬁ(())x;})a
(Hayashi et al., 2016) Trilock BPS 0| 6 65 11 54 65.1%10.4 234235 3/58/4 24
(Hayashi et al., 2017) Trilock BPS m | 44 4 2 2 65.0£10.3 238%38 N/A 2
(Hayashi et al., 2020) Trilock BPS m | 22 22 36 186 65.3£10.1 239139 N/A 63.6
(Zhen et al., 2021) Trilock BPS v | 4 35 27 8 275437 202 (168-232) | 0/0/42 66+13.2
(Ulivi et al,, 2017) Trilock BPS m | 163 163 59 104 7442 (44-90) | 26.88 (164-381) | 39/116/8 84
(Albers et al., 2015) Trilock BPS o | 123 119 55 64 64.6 (34-89) N/A 97/26/0 | 60 (49.2-66)
(Slullitel et al,, 2020) Trilock BPS 1 46 46 2 24 60.4+10.1 274%29 N/A 48
(Amendola et al., 2017) Trilock BPS m | 238 238 104 134 64 (21-91) 30 (16-56) N/A 36 (24-60)

. Trilock BPS 45 45 16 29 63.8948.56 28.45+4.95 12/28/5 48
(Tatani et al., 2020) Minima S ! 45 45 23 22 63.4918.16 2852431 14/24/7 48
(Guo et al., 2021 Trilock BPS I | 104 84 35 49 53.1242.32 25.16+2.20 53/18/13 | 48.23%2.91
(Peng et al,, 2021) Trilock BPS IV | 55 55 ) 13 498 (25-73) | 238(17.9-338) | 10/43/2 | 425 (36-48)

. Taperloc
(Schilcher et al,, 2017) Microplasty I 30 30 17 13 60.624.7 26339 21/9/0 48
) Taperloc
(Saragaglia et al,, 2020) Microplasty m | 119 119 81 38 58.8+11 27.945.2 57/62/0 6148
Taperloc
(Nahas et al,, 2018) Microplasty v | 19% 196 105 91 59 (21-78) N/A N/A 36 (5 -75)
. Taperloc
(Molli et al, 2012) Microplasty m | 269 246 111 135 63 (27-91) 30.1 (19-60) N/A 29.2 (0.8-62.2)
Taperloc
(Gallart et al,, 2019) Microplasty m | 40 32 20 12 50 (28-66) 27 (16.0-33.0) | 12/19/9 | 365 (26-68)
. Taperloc
(Lombardi et al, 2021) Microplasty v | % 92 41 51 63.2410.1 30.86.8 N/A 54 (24-72)
Taperloc
(Hayama etal., 2020) Microplasty m | 257 235 34 201 63 (41-86) N/A N/A 53 (24-83)
Taperloc
(Ugan etal,, 2021) Microplasty ! 40 20 8 12 52+14.1 24,9432 N/A 28.743.8
. . Taperloc
(Pogliacomi et al., 2020) Microplasty I | 60 60 24 36 68.4 (58-83) 27.5 (23-31) N/A 60
CentPillar GB 198
(Uemura et al., 2021) otz 1 M P 181 11 170 56 (18-91) 229 (13.6-35.5) | 131/88/3 13.1
(Nam et al,, 2019) Accolade 11 o | 31 3l 24 7 52,665 27.9£39 N/A 24
(Sariali et al,, 2017) Symbios SPS 0 | 154 154 97 57 58.8+13.5 26544 N/A 60
(Tostain et al., 2019) Symbios SPS v 61 61 16 45 74 (44-83) 30.5 N/A 120
(Graceffa, 2016) CLS Brevius m | 170 155 75 80 61.8 (42-67) N/A N/A 32 (24-44)
(Drosos et al.,, 2020) Minima S m | 6l 61 19 42 56111 31.2449 11/48/2 | 334 (12:57)
(Morales De Cano et al.,
2014) GTS Biomet v | 81 80 55 25 64.8 (43-78) N/A N/A 16 (6-24)
(Thalmann et al,, 2019) Fitmore o | 9% 96 58 38 62.32£9.97 N/A 79/17/0 60
(Acklin et al,, 2016) Fitmore o | 28 28 19 9 64 (22-75) 26 (19-36) N/A 24
(Maier et al,, 2015) Fitmore IV | 100 100 55 45 59 (19-79) N/A N/A 39.6 (24-52.8)
(Freitag et al., 2016) Fitmore 1 57 57 36 21 56.8+10.2 29.744.8 N/A 12
(Hochreiter et al., 2020) Optimys v 46 46 21 25 65.7£9.3 N/A N/A 24.1
(Djebara et al,, 2021) Optimys m | 47 47 2 25 66.846.4 26432 N/A 12
(Kutzner et al,, 2019) Optimys vV | 201 162 89 73 635 (3.4-88) N/A N/A | 617 (57.2-837)
de Waard et al., 2021) Optimys | 34 34 13 21 60 27 N/A 24
(Donner et al., 2019) Optimys v | 102 51 29 22 | 631 (36.7-76.8) | 27.6 (19.6-418) N/A | 624 (57.6756)

LoE - Level of Evidence

for primary THA, were included for analysis. The
mean follow-up was 45.54 months, ranged between
12 and 120 months.

Tri-Lock Bone Preservation stem was used in
1147 primary THAs, in 11 studies and Taperloc
Microplasty (Microtaperloc; Biomet, Inc, Warsaw,
IN, USA) was used in 1103 hips, in 9 studies. 281

primary THAs with Fitmore stem (Zimmer Biomet,
Winterthur, Switzerland), in 4 studies, were record-
ed and 430 hips received Optimys (optimys, Mathys
Ltd., Bettlach, Switzerland), in 5 studies. Accolade
II (ACCOLADE II, Stryker Orthopaedics, Mahwah,
NJ, USA), Symbios SPS (SPS-Modular®; Symbios,
Yverdon-les-Bains, Switzerland) and GTS (Biomet)
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were implanted in 31, 215 and 81 hips, respective-
ly. 170 CLS Brevius (Zimmer GmbH, Winterthur,
Switzerland), 106 Minima S stems (Lima Corporate,
Udine, Italy), 222 CentPillar stems (CentPillar-GB
and CentPillar-TMZF, Stryker Orthopaedics) have
been recorded in primary THAs.

Demographic data. A total of 3786 hips and 3535
patients were reported in 36 studies. Mean age was
61.3, fluctuated between 27.5 and 74.42 years old.
There were 1532 men and 2003 women. Informa-
tion about mean body mass was available for 2346
patients, with a mean value of 27.1 kg/m?2, ranged
between 20.2 and 31.2 (kg/m?). Dorr femoral bone
classification was reported in 14 studies, 45.3% of
femurs were type A, 46.7% were type B and 7.9%
type C. Demographic data are presented on Table 1.

Clinical Outcomes. Harris Hip Score (HHS) at
the final follow up was demonstrated in 28 studies.

The mean Harris Hip Score (HHS) preoperatively
was 45.72 (27.29 - 60), improving at follow-up to
91.44 (83.1 - 100) points. The mean HHS difference
was 45.54 (32.3 - 69.9) points. Mean UCLA activity
was reported in 8 studies and ranged between 3.71
(3 - 3.9) preoperatively and 6.06 (4.7 - 7.5) points
at the last follow up. Merle d’Aubigné functional
score was used in 4 studies with a mean value 10.4
(8.5 - 11.5) and 17.29 (15.5 - 17.8) points preopera-
tively and at the last follow up, respectively. Two
studies reported a mean value of 48.17 and 92.31
points preoperatively and at the last follow up, re-
spectively, based on the Japanese Orthopedic Asso-
ciation Score (JOA-S). Lastly, de Waard et. al. (18)
described function by using Hip Disability and Os-
teoarthritis Outcome Score (HOOS) and reported a
mean value of 27 preoperatively, improving to 87
postoperatively. All reported functional outcomes
are demonstrated on table 2.

Regarding pain, Pain Visual Analogue Scale
(VAS) was reported in 9 studies with mean values
fluctuating between 6.45 (4.5-9.25) and 1.9 (0.1-5.9)
preoperatively and at last follow up, respectively.
Thigh pain was recorded in 23 studies, with a mean
incidence of 6.02%, ranged between 0.51-20.1%.
However, only in 4 studies, thigh pain classified as
mild, moderate and severe in 19.4%, 7.9%, 2.6%, re-

spectively for a total of 528 hips. Lastly, it has been

a systematic review

demonstrated by Graceffa et. al. (19) that no pa-
tients reported thigh pain after primary THA with
CLS Brevius, but 7% (12 patients) presented with
severe trochanteric bursitis at one-year follow-up,
which resolved in all but 3 cases till the last follow
up.

Implant survival. Regarding survival rates of ta-
pered-wedge short meta-diaphyseal fitting stems,
which require conventional osteotomy, twelve
studies reported survivorship rates at final fol-
low-up. Overall combined component survivorship
for these studies was 99% (96-100%) in average of
66.3 months for 1636 short stems (Table 3).

Revision Rate. In 30 of 36 reviewed studies, re-
vision surgeries and complications have been de-
scribed and presented on Table 3. The mean revision
rate was 0.03%, fluctuated between 0% and 10.7%.
The most frequent cause of revision was deep in-
fection or sepsis reported in 7 (0.2%), followed by
recurrent dislocation in 4 (0.12%) and periprosthetic
fractures in 4 (0.12%). Least frequent causes of re-
vision were aseptic loosening in 3 (0.09%), severe
or unidentified thigh pain in 2 (0.06%), and major
subsidence in 2 (0.06%). In 774 primary THAs us-
ing Tri-Lock BPS, 2 (0.25%) recurrent dislocations,
1 (0.13%) aseptic loosening, 1 (0.13%) infection, one
case of 5mm subsidence (0.13%) and one case of se-
vere thigh pain (0.13%) were recorded as causes of
revision. Of 1103 primary THAs with Taperloc Mi-
croplasty, 5 (0.45%) cases were revised due to peri-
prosthetic fractures (0.18%), recurrent dislocation
(0.09%), deep infection (0.09%), and sepsis (0.09%).

Regarding most frequent complications, disloca-
tion was noted at 0.57%, deep infection at 0.39%,
deep venous thrombosis at 0.3%, intraoperative
femoral fracture at 0.24%, severe thigh pain at
0.21%, and periprosthetic femoral fracture at 0.12%.

Radiological outcome. Femoral stem alignment

recorded in 12 studies, nine out of them reported
a neutral coronal alignment in 63.6% hips (range
1.2%-96%). Femoral components were placed varus
in 14% (1.8%-60%) and valgus in 22% (1.8%-67.5%),
respectively (Table 4). The mean alignment devi-
ations from the neutral axis ranged between -1.4°
to 1.99°. Thirteen studies assessed the incidence of
stress shielding phenomenon in 1695 hips; it was
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grade1in 56.6% hips, affecting mostly Gruen zones 1
and 7. Grade 2 was noted in 12.7% hips, while grade
3 in 0.47%. Only one hip (0.059%) implanted with
the CentPillar stem showed grade 4 stress shielding
effect at last follow up (20) (Table 5). In 8 studies,
all femoral components were considered osseointe-
grated, and only in one study the osseointegration
rate was 96.4% (21). The incidence of heterotopic
ossification ranged between 0 and 19%, according
to 10 of the reviewed studies. From sixteen studies
reported on the incidence of radiolucent lines, only
9 studies noted the presence of radiolucent lines
under 1 mm in 17% hips (range 0.61%-45.5%). Two
studies demonstrated calcar osteolysis, in 5% and
75% hips implanted with the Symbios SPS (22) and
Fitmore (23) femoral stems, respectively. The mean
incidence of aseptic loosening at the last follow up
in a total of 1263 hips within 11 studies was 0.02%.
Subsidence of femoral component noted by 20 au-
thors with a mean value of 0.36 mm (0 - 1.93 mm). In
6 cases, a major subsidence (>2 mm) was noted, and
the femoral component had to be revised in two of
them. Each radiological parameter described in the
included studies is shown in Table 5.

Discussion
Our study systematically reviewed and assessed
all available studies presenting the clinical and ra-
diological outcomes, survival rates, revisions and
complications of several short femoral components
with metaphyseal or meta-diaphyseal fixation that
require conventional neck osteotomy. Since most of
the currently available short stems of this category
are relatively new with short term clinical perfor-
mance, clinical evidence with more than 24 months
follow up was limited to a small number of stud-
ies. Therefore, it was not surprising that studies on
some brands have not been included in this review.
As THA has expanded its indications and is being
performed in younger and more active patients, the
need for an optimized femoral prothesis for bone
and soft tissue preservation is of utmost impor-
tance. A growing interest towards short versions
of uncemented femoral implants is recorded in the
current literature as an effort to address this issue.
The fact is that a heterogeneous group of short

a systematic review

femoral prostheses with differences in operative
technique, design philosophy and method of fixa-
tion has emerged in clinical practice, and long-term
data are still awaited. In this systematic review, we
concentrated on short stems with metaphyseal only
or metaphyseal-proximally diaphyseal fitting and
conventional neck osteotomy, which gain popular-
ity in the market according to registries. Further-
more, most orthopaedic surgeons are familiar with
the implantation process required for this type of
prostheses that presents similarities to that of a con-
ventional stem. In the UK during 2020, Accolade II
was used in 13% of primary THAs, moreover an
increased trend in the use of Taperloc Microplasty,
Tri-Lock BPS, Symbios SPS has been observed (25).
The use of Accolade II and Taperloc Microplasty
has been increased the last five years in Australia (1)
and an increasing trend is also observed in Nation-
al Joint Registry data (25). According to the Swiss
Registry, an increased trend in the use of Fitmore,
Optimys and Tri-Lock BPS femoral stems was no-
ticed (26).

According to a previous systematic review on
short metaphyseal loading cementless stems, sim-
ilar improvement in clinical and radiological out-
comes was noted compared to conventional length
implants (24). However, coronal stem malalign-
ment, stress shielding effect, cortical hypertrophy or
implant’s subsidence as well as their consequence
of fracture risk and aseptic loosening still remain a
concern with certain short stem designs (5).

In this systematic review, a total of 3786 hips in
3535 patients were analyzed. The mean age of pa-
tients was 61.3 (27.5-74.42) years old. Two third of
the included studies reported a mean age above 60
years old, with two out of them reported cohorts
with a mean age of 74 years old, which is higher
than the reported average between conventional
short stems (5,24). Only Zhen et al. studied young
adult osteoporotic patients with mean age of 27.5
years old, who had Dorr type C femur, investigat-
ing the wide spectrum of Tri-Lock BPS prothesis.
On the contrary, the majority of included studies re-
ported high incidence of Dorr type A and B femurs,
45.3% and 46.7%, respectively, and only 7.9% type
C (3,27). Patients with Dorr type C femur are more
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TABLE 3.

Component Survivorship, Revision and Complication rates

Study Stem Type Hl\i];))s SuI:Z:Zal Revision| Reason for revision Complications
(Ulivi et al., 2017) Trilock BPS 163 99% |1(0.61%) |1 recurrent dislocation |1 dislocation
2 Intraoperative great trochanter
(Albers et al., 2015) Trilock BPS 123 | P2% 11(081%)[1 >5mm subsidence | FACtUTes
2 dislocations
1 subsidence
1 calcar crack
(Slullitel et al., 2020) Trilock BPS 46 | VA 11217) |1 aseptic loosening é fﬁ;‘;’f;ﬁrve palsy
1 aseptic loosening
1 infection 2 infections
(Amendola et al., 2017) Trilock BPS 238 N/A |2(0.8%) |5 .. . 2 heteropic ossification
1 tight pain 1 tight pai
ight pain
(Tatani et al., 2020) Trilock BPS 45 N/A 0 2 superficial infections
Minima S 45 N/A 0 1 superficial infection
1 dislocation
98.80% 3 pneumonias
(Guo et al., 2021) Trilock BPS 104 1(0.96%) |1 recurrent dislocation |2 limp nerve numbness
1 intraoperative periprosthetic femoral
fracture
(Peng et al., 2021) Trilock BPS 55 100% 0 0
(Schilcher et al., 2017) ﬁ‘lﬁfgﬁ; " 30 0 0
Taperloc 100% 2 deep venous thrombosis
(Saragaglia et al., 2020) Mi ) 119 1(0.84%) |1 recurrent dislocation |1 pulmonary embolism
icroplasty 3 dislocations
N/A . . 3 dislocations
(Nahas et al., 2018) E}perlof 196 1(0.5%) } periprosthetic 1 subsidence
icroplasty racture 1 periprosthetic fracture
100% 1 intraoperative fracture type
(Molli et al., 2012) Taperloc 269 1(0.37%)| 1 sepsis 3 debridement wound tissue
Microplasty 2 cup revision loosening
1 sepsis
N/A 1 posterior femoral cortical perforation
Taperloc 1 infection
(Gallart et al,, 2019) Mirc’roplasty 40 0 1 dislocation
1 subsidence
Taperloc N/A 1 periprosthetic 1 periprosthetic fracture
(Lombardi et al., 2021) Microplasty 92 2 (2.17%) |fracture 1 infection
1 infection 1 non healing wound
N/A 1 intraoperative great trochanter
Taperloc fracture
(Hayama et al., 2020) MiIZroplasty 27 0 1 acute infection
1 dislocation
(Ugan et al., 2021) E;E:;ﬁ:s ty 40 N/A 0 2 intraoperative periprosthetic fracture
. . Taperloc N/A 1 intraoperative fracture
(Pogliacomi et al., 2020) Milzroplasty 60 / 0 1 subsi dP::‘nce
CentPillar GB 198 1 intraoperative periprosthetic fracture
99% o+ |1 aseptic loosenin 1 aseptic loosenin,
(Uemura et al, 2021) CentPillar TMZF 2 2(09%) |1 fnfection ® |1 infection s
2 subsidence
1 dislocation
(Sariali et al., 2017) Symbios SPS 154 97% 0 1 lower limb discrepancy
2 intraoperative periprosthetic fractures
2 periprosthetic 1 dislocation
(Tostain et al., 2019) Symbios SPS 61 96% |3 (4.91%) |fracture 2 infections
1 dislocation 2 periprosthetic fractures
3 calcar cracks
(Graceffa, 2016) CLS Brevius 170 994% 1(0.6%) |1 major subsidence é ]cgl\sll;)catlons
1 subsidence
(Drosos et al., 2020) Minima S 61 N/A 0 1DVT
;lz)/llcir)ales De Canoetal, GTS Biomet 81 N/A 0 1 intraoperative femoral calcar crack
1 dislocation
(Thalmann et al., 2019) Fitmore 96 99% 0 1 deep infection

1 hematoma

L")
)
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TABLE 3.
Component Survivorship, Revision and Complication rates
! ase‘ptic 19 -osenir-\g 1 aseptic loosening
(AcKlin et al., 2016) Fitmore 28 | VA |3 007%)|! unidentified thigh ) i dentified thigh pain
pam 1 infection
1 infection
(Maier et al., 2015) Fitmore 100 100% 0 1 hematoma
(Hochreiter et al., 2020) Optimys 46 N/A 0 1 perioperative dislocation
(Djebara et al., 2021) Optimys 47 N/A 0 0
1 intraoperative great trochanter
N/A fracture
(Kutzner et al., 2019) Optimys 201 1(0.5%) |1 deep infection 1DVT
1 dislocation
1 infection
(de Waard et al., 2021) Optimys 34 N/A [1(2.9%) |1 deep infection 1 infection
1 intraoperative avulsion of great
. N/A trochanter
(Donner et al., 2019) Optimys 102 0 1DVT
3 seromas

prone to distal stem stabilization, and thus there are
less possibilities to achieve rigid primary fixation
and bone ingrowth when using metaphyseal fitting
short stems, which is in alignment with clinical and
biomechanical studies (28-34).

In terms of functional outcome, our results indi-
cate that the shortened tapered wedge stems, with
metaphyseal only or metaphyseal-proximally di-
aphyseal fitting provide excellent results in short-
and mid- term follow up. This review found a mean
HHS improvement of 45.54 points, from 45.72
(27.29 - 60) preoperatively to 91.44 (83.1-100) post-
operatively at 45.54 months follow up. These results
are similar with other systematic reviews and meta-
nalysis of short stem studies (10,13,24) and conven-
tional length prothesis studies (35,36). Guo et al. (8)
compared Tri-Lock BPS with conventional standard
Corail stem (Johnson & Johnson, Warsaw, IN,USA)
demonstrating no statistically significant difference
in WOMAC score between the two groups, 5.58 +
2.32 and 6.48 + 2.32 in 4 years follow up, respective-
ly, beside lower occurrence of thigh pain in the first
group (no patients), while 5% in the second one.
Higher rate of thigh pain in conventional group
(p=0.003), due to tight distal fit of the stem, was
presented by Pogliacomi et al. (33). Amendola et. al.
(12) assessed the results of the Tri-Lock BPS in 261
hips at a mean follow up of three years and showed
high incidence (22.6% of patients) of thigh pain al-
though the HHS improved from 47 to 88. To our

knowledge, there are no previous studies on met-
aphyseal fitting short stems, reporting such high
rates of thigh pain. In this review, low incidence of
thigh pain (6.02%) was observed. Lastly, Hayashi et
al. (30) in their risk factor analysis regarding the in-
cidence of thigh pain following total hip arthroplas-
ty with short, tapered-wedge stem showed that the
profile of patients with thigh pain consists of higher
UCLA activity, type C Dorr femoral bone shape and
contact between stem tip and cortical bone.
Regarding coronal alignment of short stems, a
higher rate of coronal misalignment has been ob-
served compared to the conventional standard
length femoral implants (10). Lidder et al. (24) pre-
sented 90% of neutral alignment between different
types of short stems. On the contrary, in this sys-
tematic review, 12 studies reported on stem align-
ment with only 63.6% of the components being in
neutral position at the final follow up. In our previ-
ous comparative study between Tri-Lock BPS and
Minima S stem, a high rate of deviations from neu-
tral position was demonstrated, with the discrepan-
cies being more evident in Minima S group, which
is explained by its shorter design and its limited ex-
tension to the proximal diaphysis. However, func-
tional outcomes and survivorship were not affect-
ed, between the misaligned components compared
to those in neutral position, in accordance with pre-
vious reports of Albers et al. and Ulivi et al. (37-39).
Stress shielding effect is theoretically limited in
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TABLE 4.
Coronal alignment of femoral components
STUDY Stem Type No Hips Neutral Varus Valgus
(Zhen et al., 2021) Trilock BPS 42 40 (95.2%) 1(2.3%) 1(2.3%)
(Ulivi et al., 2017) Trilock BPS 163 2 (1.2%) 56 (34.3%) 105 (64.4%)
(Albers et al., 2015) Trilock BPS 123 29 (23.0%) 11 (8.9%) 83 (67.5%)
(Slullitel et al., 2020) Trilock BPS 46 41 (89%) 4 (8%) 1(2%)
. Trilock BPS 45 16 (35.6%) 23 (51.1%) 6 (13.3%)
(Tatani et al., 2020) i
lima 45 0 27 (60%) 18 (40%)
(Guo et al., 2021) Trilock BPS 104 74 (88%) 8 (10%) 2 (2%)
(Peng et al., 2021) Trilock BPS 55 53 (96.4%) 1(1.8%) 1 (1.8%)
(Hayama et al., 2020) Taperloc Microplasty 257 246 (96%) 0 11 (4%)
(Graceffa, 2016) CLS Brevius 170 150 (88%) 16 (9.4%) 4(23%)
(Ucan et al., 2021) Taperloc Microplasty 40 8(20%) (- 1.4°£3.1)
(Pogliacomi et al., 2020) Taperloc Microplasty 60 0.8°(0.0°-1.5°)
de Waard et al., 2021) Optimys 34 -0.02 (-0.21-0.17)

shortened tapered-wedge stems due to more natu-
ral biomechanical loading, and more pronounced
proximal load transfer. However, comparative
studies of short femoral implants and convention-
al femoral designs note evidence of bone resorp-
tion, which is less at Gruen zone 1 and 7 in the case
of short stems (5,8,36,40). In 14 studies, included
in our review, estimated cumulative combined
component stress shielding effect noted in 69.7%
affecting especially Gruen 1 and 7 regions. Drosos
etal. (41) studying Minima S component observed
stress shielding of grade 1 in all patients, without
affecting functional outcome. Amendola et. al. (42)
reported similar findings in a series of 212 Tri-Lock
BPS implanted hips. Kutzner et. al. (43) demon-
strated as well high incidence of proximal bone
remodeling due to stress shielding (42.3% bone
resorption), particularly in Gruen zones 1, 2 and 7,
which was interpreted by the lack of a distal third
point of stabilization and by varus alignment of
the implants. Nevertheless, biomechanical studies
have shown that the incidence of stress shielding
depends on the proximal femoral morphology, be-

cause short tapered-wedge stems perform better in
Dorr type A femurs (44,45). Regarding to Optimys
stem, Hochreiter et. al. (46) prospectively stud-
ied the periprosthetic BMD, which was found in-
creased from 12.1 to 25.5% in the short stem group
in the lateral part (Gruen regions 2 and region 3)
and distal part (Gruen region 5) at 24 months fol-
low up, indicating existed proximal and lateral
payload, which reduced stress shielding. Howev-
er, stress shielding effect does not seem to be an
unknown phenomenon in short femoral compo-
nents since a proximal unloading of the femur is
still present.

Subsidence of femoral component has been ob-
served in short stems, fluctuating between 0-6.5%
(24). Khanuja et al. reported a mean rate of stem
subsidence between 0 - 0.6% in type 4 of short
stems (10). In our results, we noted a mean of 0.36
mm (0 - 1.93 mm) subsidence. In 2 out of 6 patients
with major subsidence >2 mm, revision of femoral
component was performed (19,47). Albers et. al.
(38) related the subsidence of femoral component
(0.41% 0.69 mm) to design features and rough, po-
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rous coating of Tri-Lock BPS, without noting cor-
relations with Dorr type of bone and surgical ap-
proach. Fitmore femoral stem demonstrated sub-
sidence of 1.6+1.6mm after 1 year and 1.93+1.7mm
after 5 years, and a correlation was found between
the amount of stem subsidence and the incidence of
cortical hypertrophy (23,48).

While a previous systematic review of short stems
reported 98.6% (92-100%) survival rate at a mean fol-
low-up of 12.1 years (24), in our study the estimated
combined component survivorship calculated 99%
(96-100%) in an average period of 66.3 months. Ue-
mura et. al. (20) was the outlier of follow up time,
as they estimated through Kaplan-Meier analysis,
that the two tapered-wedge short stems CentPillar
GB and TMZF, which differentiate only in their po-
rous coating material, have 99% overall cumulative
survival rate at 15 years, which is increased in 99.5%
when infection is excluded. Furthermore, we not-
ed that the combined component survivorship was
99.4 in 69.42 months average, when the two studies
of Symbios SPS were excluded, because they were
the only ones reporting survival less than 98.8%,
and specifically 97% and 96% by Sariali et al. (49)
who reported 1 dislocation, 1 lower limb discrep-
ancy, 2 intraoperative periprosthetic fractures and
by Tostain et al. (50) who presented 4.91% revisions
due to 2 periprosthetic fracture and 1 dislocation,
respectively.

In this systematic review, the cumulative revision
rate was calculated 0.03% (0 - 10.7%). The report-
ed main reasons for revision were deep infection
(0.2%), recurrent dislocation (0.12%), periprosthetic
fracture (0.12%), aseptic loosening, major unidenti-
fied thigh pain and major subsidence. Zhang et al.
(5) presented no significant difference in revision
rates between short stems and conventional length
stems. Australian registry presented that the ten-
year cumulative revision rate for THA using a short
component was 59% (1). Concerning complica-
tions, they are low, but not limited in modern fem-

oral prothesis. We noted dislocation in 0.57% and
deep infection in 0.39% of the included patients.
Intraoperative fractures remain a problem beside
the shorter stem length, however Uemura et. al. (20)
suggested that the use of three-dimensional preop-
erative planning has led to low incidence of peri-
prosthetic fractures.

This study, however, has certain limitations. At
first, a lot of articles were excluded due to lack of
data annotation. Secondly, there is a relatively small
number of femoral prostheses in some of the in-
cluded studies. Furthermore, even if we restricted
our research to a specific category of short stems,
we could not determine possible outcome differenc-
es with respect to specific design variations of each
prosthesis. Next, we acknowledge that most of the
included studies only presented short- term results,
and, for the evaluation of the performance of femo-
ral implants long term results are needed. Finally, as
a natural limitation of every systematic review, the
quality of data depends on the publications includ-
ed. In this systematic review only 5 out of 36 studies
were Level of Evidence L

To sum up this systematic review demonstrated
that tapered-wedge short stems with metaphyseal
or meta- diaphyseal fitting, which require con-
ventional osteotomy offer excellent short to mid-
term clinical outcomes and similar revision and
complication rates, equivalent to those offered by
conventional length or other types of short fem-
oral components. Excellent survival rate (99%)
was recorded in 5.5 years with the use of mod-
ern short stems. Nevertheless, concerns have been
raised regarding the incidence of stress shielding
phenomenon and coronal stem malalignment,
that need careful evaluation in well-designed
high-quality randomized trials with large cohorts
and long-term follow-up.
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