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Background and purpose — We aimed to compare revi-
sion rates between uncemented short and standard stems
in total hip arthroplasties (THAs) and the corresponding
patient-reported outcome measures (PROMs).

Patients and methods — We included all short (C.F.P.,
Fitmore, GTS, Metha, Nanos, Optimys, Pulchra, and Taper-
loc Microplasty) and standard stems in uncemented THAs
registered between 2009 and 2021 in the Dutch Arthroplasty
Register. Kaplan—-Meier survival and multivariable Cox
regression analyses were performed with overall and femo-
ral stem revision as endpoints.

Results — Short stems were used in 3,352 and standard
stems in 228,917 hips. 10-year overall revision rates (4.8%,
95% confidence interval [CI] 3.7-6.3 vs. 4.5%, CI 4.4-4.6)
and femoral stem revision rates (3.0%, CI1 2.2-4.2 vs. 2.3%,
CI 2.2-2.4) were comparable for short- and standard-stem
THAs. Today’s predominant short stems (Fitmore and Opti-
mys) showed short-term revision rates similar to that of
standard-stem THAs. Other, less frequently used short stems
had higher 10-year overall (6.3%, CI 4.7-8.5) and femoral
stem (4.5%, CI 3.1-6.3) revision rates. Multivariable Cox
regression also showed a higher risk for overall (HR 1.7,
CI 1.0-2.9) and femoral stem revision (HR 2.0, CI 1.1-3.5)
using the latter short stems compared with standard stems.
An exploratory analysis of PROMs showed no difference.

Conclusion — There was no overall difference in revi-
sion rates but a tendency toward increased revision of short
stems both for the whole THA and for the stem itself. The
less frequently used short stems had increased revision risk.
No difference in PROMs was shown.

In recent decades, there has been an increase in total hip
arthroplasties (THAs), particularly in young patients [1,2].
Bone-saving implants such as short femoral components may
be important in these patients to facilitate future revisions,
although little evidence for this exists [3].

Uncemented short-stem THAs have become more prevalent
in recent years in some countries [4]. Although a clear definition
is lacking, these short stems are characterized as small cement-
less femoral components that preserve more femoral neck and
achieve metaphyseal fixation [5,6]. 3 main advantages of short
stems may be preservation of proximal bone stock for future
revisions, improvement of biomechanical reconstruction, and
the possibility for less invasive approaches [4,7-9].

Short stems have shown revision rates and improvements
in functional outcome similar to standard stems at short- and
mid-term follow-up [4,8,10]. However, only limited popula-
tion-based registry studies on short-stem THAs are avail-
able [8,10,11]. Due to their increased popularity, particularly
in younger and fitter patient groups, more population-based
registry studies on incidence of short-stem THAs, revision
rates, and patient-reported outcome measures (PROMs) are
needed to show the average results in contrast to randomized
controlled trials.

Also, the bone-preserving features of short stems during
future revisions have yet to be confirmed. Bone preservation
may allow for the use of standard-length stems during compo-
nent exchange, rather than larger revision stems to compen-
sate for proximal bone loss. It may be valuable to know more
about the types of femoral implants used during revision of
these short stems.

Therefore, we aimed to compare patients, procedure and
prosthesis characteristics, revision rates, patient-reported qual-
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All primary THAs in the Dutch Arthroplasty Register
registered in 2009-2021

n = 355,600
Excluded
— Cemented femoral component
n=114,319

THAs with uncemented femoral component
n = 241,281

Excluded (n = 9,012):

- no femur article number registered, 2,494
l— - no short- or standard stem, 2,879

- metal-on-metal articulation, 3,619

- tumor (primary or metastasis), 20

Included in the analysis
n = 232,269

I
| 1

Short-stem THAs (n = 3,352): Standard-stem THAs

- Adler Orthro Pulchra, 70 n = 228,917

- B. Braun Aesculap Metha, 5

- Mathys Optimys, 1,057

— Smith & Nephew Nanos, 22

- Waldemar Link C.F.P., 547

- ZimmerBiomet Fitmore, 1,530

- ZimmerBiomet GTS, 95

- ZimmerBiomet Taperloc M.p., 26

Figure 1. Flowchart of included hips.

ity of life, pain, and physical functioning in patients with pri-
mary uncemented short-stem THAs and standard-stem THAs,
using data from the Dutch Arthroplasty Register (LROI).

Patients and methods

Data was obtained from the LROI. The LROI is a national
population-based arthroplasty register, established by the
Netherlands Orthopaedic Association (NOV) in 2007. In
2012, 100% coverage of Dutch hospitals was achieved with a
completeness of more than 95% of primary THAs [12]. Nowa-
days, 99% completeness of primary THAs and 98% of revi-
sion arthroplasties have been reached [13]. The LROI contains
data on patient, prosthesis, and procedure characteristics of
primary and revision arthroplasties and PROMs. Prosthesis
characteristics are obtained from an implant library, which is
based on article numbers of prosthesis components, and con-
sists among others of data on type, brand, name, and material
of the prosthesis component provided by the manufacturer.
Revision arthroplasty is defined as a replacement, removal or
addition of 1 or more components of the implant [12]. PROMs
registered in the LROI are the EuroQol 5 Dimensions index
score (EQ-5D), the EuroQol Visual Analog Scale (EQ VAS),
the Hip disability and Osteoarthritis Outcome Score — Physi-
cal function Short form (HOOS-PS), the Oxford Hip Score
(OHS), and the Numeric Rating Scale during activity (NRS
activity) and at rest (NRS rest). PROMs are measured preop-
erative and at 3 months and 12 months postoperatively.

We included all primary THAs with an uncemented short or
standard femoral component in the period 2009-2021 (Figure

1). THAs with a metal-on-metal articulation (n = 3,619) and
procedures with the diagnosis tumor (n = 20) were excluded.
Short-stem THAs were defined based on the definition of
the LROI and previous literature [4-6,8,14-16]. The LROI
defines a short stem as a small cementless femoral compo-
nent with special design features where fixation is intended
to be metaphyseal [17]. Short stems identified in the LROI
were C.F.P. (Waldemar Link, Hamburg, Germany), Fitmore
(Zimmer Biomet, Warsaw, IN, USA), GTS (Zimmer Biomet,
Warsaw, IN, USA), Metha (B. Braun Aesculap, Tuttlingen,
Germany), Nanos (Smith & Nephew, London, UK), Opti-
mys (Mathys, Bettlach, Switzerland), Pulchra (Adler Orthro,
Cormano, Italy) and Taperloc Microplasty (Zimmer Biomet,
Warsaw, IN, USA) (Figure 1).

Statistics

Descriptive statistics were used to present patients, prosthesis,
and procedure characteristics as well as the incidence of short-
stem THAs by type of hospital (i.e., general hospital, private
clinic, or academic medical center). Crude Kaplan—-Meier sur-
vival analyses were performed to determine 10-year overall
and femoral stem revision rates including 95% confidence
intervals (CI) according to type of stem. Survival was defined
as the time between primary THA to first revision, death of the
patient, or end of follow-up (January 1, 2022). Multivariable
Cox regression analyses were used to account for differences
in confounders between the short-stem and standard-stem
groups. We used log—log plots and testing of scaled Schoen-
feld residuals to assess the proportional hazards assump-
tion, which appeared to be violated. Therefore, Schemper’s
weighted Cox models were used [18]. Age, sex, American
Society of Anesthesiologists (ASA) score, diagnosis (osteo-
arthritis [OA] vs. non-OA), and surgical approach were con-
sidered confounders. Body mass index (BMI) and smoking
status were not included as confounders, as these variables
have been registered in the LROI since 2014. Missing data
in confounders was imputed, using multiple imputation by
chained equations using predictive mean matching in which
15 datasets were created. Less than 1% was missing for each
confounder. There was no missing data in outcome variables.
Effect estimates were pooled according to Rubin’s Rules. For
ClIs, we assumed that the number of observed cases followed
a Poisson distribution. Reasons for overall and femoral stem
revision were described according to stem type. Linear mixed
models were performed to analyze PROM scores. Time (i.e.,
preoperative, 3 months, and 12 months postoperatively) and
group (i.e., short stem vs. standard stem) were included as
fixed factors, and patient as a random factor. Possible interac-
tion between time and group was included as fixed factor if
model fit improved. Residual plots as well as Q—Q plots were
used to visually examine the distributions of both random
effects and residuals, which were approximately normally dis-
tributed. PROM analyses were performed on patients with a
short-stem or standard-stem THA for primary OA since 2014,
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Table 1. Patient, prosthesis, and procedure characteristics of pri-
mary THAs according to type of stem. Values are count (%) unless
otherwise specified

Standard stem Short stem
Factor n=228,917 n = 3,352
Age, mean (SD) 7 (10) 63 (10)
Missing 169 (0.1) 1(0.0)
Male sex 85,633 (37) 1,323 (40)
Missing 300 (0.1) 1(0.0)
Diagnosis
Osteoarthritis 202,126 (88) 3,059 (91)
Dysplasia 4,785 (2.1) 117 (3.5)
Fracture 7,654 (3.3) 1(0.0)
Other 13,339 (5.8) 163 (4.9)
Missing 1,013 (0.4) 12 (0.4)
ASA score
| 51,070 (22) 1,198 (36)
Il 143,788 (63) 2,000 (60)
n—v 32,516 (14) 125 (3.7)
Missing 1,543 (0.7) 29 (0.9)
Charnley classification 2
A 72,261 (32) 1,342 (40)
B1 47,381 (21) 858 (26)
B2 33,962 (15) 539 (16)
C 3,844 (1.7) 59 (1.8)
Missing 71,469 (31) 554 (17)
Smoking @ 18,365 (8.0) 243 (7.2)
Missing 72,065 (32) 550 (16)
Body mass index @
Underweight (< 18.5) 1,171 (0.5) 11 (0.3)
Normal weight (>18.5-25) 53,265 (23) 1,195 (36)
Overweight (>25-30) 68,739 (30) 1,141 (34)
Obesity (>30-40) 37,379 (16) 449 (13)
Morbid obesity (>40) 1,849 (0.8) 5(0.1)
Missing 66,514 (29) 551 (16)
Previous surgery at affected hip 9,157 (4.0) 139 (4.1)
Missing 6,008 (2.6) 31 (0.9)
Fixation
Cementless 215,573 (94) 3,252 (97)
Acetabulum cemented 13,158 (5.7) 99 (3.0)
Missing 186 (0.1) 1(0.0)
Surgical approach
Anterior 58,654 (26) 2,249 (67)
Anterolateral 12,795 (5.6) 89 (2.7)
Posterolateral 121,353 (53) 368 (11)
Straight lateral 33,350 (15) 601 (18)
Other 2,040 (0.9) 38 (1.1)
Missing 725 (0.3) 7 (0.2)
Articulation
Ceramic-on-ceramic 20, 081 (8.8) 145 (4.3)
Ceramic-on-metal 66 (0.0) 0 (0.0)
Ceramic-on-polyethylene 137,586 (6 ) 2,878 (86)
Metal-on-ceramic 5 (0.0 0 (0.0)
Metal-on-polyethylene 44,699 (20) 193 (5.8)
Oxidized zirconium-on-
polyethylene 18,707 (8.2) 19 (0.6)
Missing 7,773 (3.4) 117 (3.5)
Femoral head size
22-28 mm 38,854 (17) 231 (6.9)
32 mm 126,521 (55) 2,388 (71)
36 mm 60,242 (26) 662 (20)
=38 mm 1,253 (0.5) 13 (0.4)
Missing 2,047 (0.9) 58 (1.7)
Type of hospital
General hospital 204,420 (89) 1,322 (39)
Private clinic 20,664 (9.0) 1,982 (59)
Academic medical center 3,832 (1.7) 48 (1.4)
Missing 1(0.1) 0 (0.0)

2 Registered since 2014.

as PROM scores are available for these patients since 2014
in the LROI. PROM data were not imputed, as a complete
PROM score (preoperative as well as 3-month and 12-month
postoperative response) was available in less than 30%. Only
patients with complete PROM scores were included in the
PROM analyses. Therefore, the PROM analyses should be
considered an exploratory analysis.

Incidence analyses, Kaplan—Meier survival analyses, and
multivariable Schemper’s weighted Cox regression analyses
were also performed separately for short-stem THAs with
Fitmore, and Optimys versus other short stems, as Fitmore
and Optimys are currently widely used in the Netherlands,
while the other short stems have mainly been used in the
past.

This study was reported in accordance with the STROBE
guidelines. R (version 4.04, R Foundation for Statistical
Computing, Vienna, Austria) was used to perform all analyses.

Ethics, data sharing, funding, and disclosures

Data was received completely anonymously. Data was avail-
able from the LROI, but restrictions apply to the availabil-
ity of this data, which was used under license for the current
study. This study is funded by the Dutch Arthroplasty Register.
No conflicts of interest were declared. Completed disclosure
forms for this article following the ICMJE template are avail-
able on the article page, doi: 10.2340/17453674.2023.13652

Results

232,269 THAs were included in the period 2009-2021, of
which 3,352 (1.4%) were short-stem THAs. Fitmore (n =
1,530) and Optimys (n = 1,057) were the 2 most implanted
short stems (Figure 1). Median follow-up was 5.1 (interquar-
tile range [IQR] 2.5-8.1) years. Short-stem THA patients
were younger (63, SD 10 vs. 67, SD 10 years) and had a
lower ASA score (ASA-I 36% vs. 22%) than standard-stem
THA patients. More short-stem THA patients were of normal
weight than standard-stem THA patients (36% vs. 23%). The
anterior approach was most often used in short-stem THAs
(67%), while the posterolateral approach was commonly used
in standard-stem THAs (53%). In both groups, a ceramic-on-
polyethylene articulation and a 32 mm femoral head were
most frequently used. Short-stem THAs were more often per-
formed in a private clinic than standard-stem THAS (59% vs.
9.0%) (Table 1).

In general hospitals, the annual number of short-stem THAS
varied between 40 and 180 in the period 2009-2021, whereas
in private clinics it increased from 1 in 2015 to 1,124 in 2021.
In both general hospitals and private clinics, the Fitmore and
Optimys stem were used most often in recent years, while
the use of the other short stems decreased in this period. In
academic medical centers, the annual number of short-stem
THAs ranged between 0 and 10 in the period 2009-2021.
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Table 2. Cox regression analyses of risk for overall and femoral stem revision of pri-

mary THAs according to type of stem and type of short stem

Years after primary THA C

10 12
Years after primary THA

12 0o 2 4 6 &
Years after primary THA D

Figure 2. Cumulative overall (A) and femoral stem (B) revision rates of primary THAs according to type of stem and according to type of short
stem (C and D respectively).

T
10

(CI 2.2-2.4) for standard-stem THAs. Short-
stem THAs with a Fitmore or Optimys stem

Overall revision

showed comparable short-term overall and

Femoral stem revision

femoral stem revision rates to standard-stem

ke Halugiss - G HEIUEE) - THAs. THAs with other short stems had higher
Type of st HR (CI HR (CI HR (CI HR (CI :
ype of stem (ch ©h ©h ©h 10-year overall (6.3%, CI 4.7-8.5) and femo-
Standard stems 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) ral stem (4.5%, CI 3.1-6.3) revision rates than
All short stems 1.3(0.9-2.0) 1.4(0.9-2.1) 1.4(0.9-22) 1.5 (1.0-2.4) i
Fitmore 06(04-10) 09(05-14) 06(03-11) 070415  Sandard-stem THAs. , .
Optimys 0.8(0.5-1.2) 0.9(0.6-1.4) 1.0(0.6-1.8) 1.1(0.7-1.9) Multivariable Schemper’s weighted Cox
Other short stems 1.8 (1.0-3.0) 1.7 (1.0-2.9) 1.9 (1.1-3.4) 2.0(1.1-3.5) regression analyses adjusted for age, sex, ASA

a Adjusted for age, sex, ASA score, diagnosis, and surgical approach.

Table 3. Reasons for overall and femoral stem revision of primary
THAs registered in the LROI according to type of stem. Values are

count (%)

Overall revision

Stem revision

Standard Short  Standard Short

stem stem stem stem

Reason n=17,423 n=85 n=3813 n=55
Infection 1,409 (19) 21 (25) 638 (17) 11 (20)

Aseptic loosening

acetabulum 707 (9.5) 12 (14) 146 (3.8) 0(0.0)
femur 1,449 (20) 23 (27) 1,428 (38) 23 (42)
Periprosthetic fracture 986 (13) 7 (8.2) 918 (24) 7 (13)
Dislocation 1,608 (22) 7(8.2) 272(71) 3(5.5)
Wear 102 (1.4) 3(3.5) 8(0.2) 1(1.8)
Periarticular ossification 53 (0.7) 0 (0.0) 7(0.2) 0(0.0)
Girdlestone 54 (0.7) 0(0.0) 53(1.4) 0(0.0)
Other 906 (12) 8(9.4) 301(7.9) 7(13)
No reason registered 149 (2.0) 4 (4.7) 42 (1.1) 3 (5.5)

Revision

Crude 10-year overall and femoral stem revision rates were
comparable for short-stem and standard-stem THAs (Figure
2). The crude 10-year overall revision rate was 4.8% (CI
3.7-6.3) for short-stem THAs and 4.5% (CI 4.4-4.6) for stan-
dard-stem THAs. The crude 10-year femoral stem revision
rate was 3.0% (CI 2.2-4.2) for short-stem THAs and 2.3%

score, diagnosis, and surgical approach showed

a comparable risk of overall revision (HR 1.4,

CI 0.9-2.1), but a higher risk of femoral stem

revision (HR 1.5, CI 1.0-2.4) for short-stem
THASs compared with standard-stem THAs (Table 2). No sta-
tistically significant differences in risk of overall and femo-
ral stem revision were found between THAs with a Fitmore,
Optimys, or standard stem, adjusted for age, sex, ASA score,
diagnosis, and surgical approach. The other short-stem group
was associated with a higher adjusted risk for overall (HR 1.7,
CI 1.0-2.9) and femoral stem (HR 2.0, CI 1.1-3.5) revision
compared with the standard stem.

Reasons for revision

The most common reason for overall and femoral stem revi-
sion of short-stem THAs was aseptic femoral loosening (27%
and 42% respectively), followed by infection (25% and 20%
respectively) (Table 3). In short-stem THAs, dislocation was
less frequently registered as reason for overall revision com-
pared with standard-stem THAs (8.2% vs. 22%). Femoral
stem revisions due to periprosthetic fractures were less preva-
lent in short-stem THAs compared with standard-stem THAs
(13% vs.24%).

PROMs

There were 142,314 THAs for primary OA since 2014, of
which 2,589 (1.8%) had a short stem. Depending on the type
of PROM, 8-11% of short-stem THA patients and 22-24%
of standard-stem THA patients completed the preoperative as
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Figure 3. (a) EQ-5D (n = 33,642), (b) EQ VAS (n = 34,214), (c) HOOS-
PS (n = 30,485), (d) OHS (n = 30,654), (e) NRS during activity (n =
34,453), and (f) NRS at rest (n = 34,460) mean scores with 95%CI of
primary THAs for OA since 2014 according to type of stem.

Time (months)

well as the 3-months and 12-months postoperative PROMs.
All PROM scores improved at 3 months and 12 months post-
operatively in both the short-stem and standard-stem groups
(Figure 3). No clinically relevant differences were found
between short-stem and standard-stem patients in EQ-5D (0.0,
CI10.0-0.0), EQ VAS (0.8, CI -0.8 to 2.4), HOOS-PS (0.8, CI
—0.5 to 2.2), OHS (0.0, CI -0.8 to 0.7), NRS during activity
(0.2,C10.0-0.4), and NRS at rest (0.1, CI 0.0-0.3) scores.

Discussion

We aimed to compare patients, procedure and prosthesis char-
acteristics, revision rates, patient-reported quality of life, pain,
and physical functioning in patients with primary uncemented
short versus standard stems in THA. We showed no differ-
ence in overall or femoral stem revision rates of THAs with
a Fitmore, Optimys, or standard stem, whereas less frequent
short stems had higher revision rates. However, it is uncertain
whether Fitmore, Optimys, and standard stems have compa-
rable short-term overall and femoral stem revision rates in the
general patient population as the number of short stems was
small and thus the confidence intervals were wide in our study.

Comparing our study with other registry studies on short-
stem THAS is complex, as each study included different short
stems. A recent study from Steinbriick et al. [19] demonstrated
similar 5-year overall revision rates between matched cohorts
of short-stem THAs (2.9%, CI 2.4-3.5, including Optimys,

Metha, A2-Kurzschaft, and Nanos) and standard-stem THASs
(3.1%, CI 2.7-3.4), using data from the German Arthroplasty
Registry (EPRD [Endoprothesenregister Deutschland]). The
5-year overall revision rate for THAs with an Optimys stem
was 1.8% (CI 1.5-2.2), which is comparable to our results.
The Registry of Prosthetic Orthopedic Implants (RIPO, Italy)
found somewhat higher 10-year overall revision rates of
6.1-6.6% for both short-stem THAs (including C.F.P., Nanos,
Parva, Fitmore, MiniMax, and Amistem-H) and standard-
stem THAs [11]. No prosthesis-specific results for short stems
were described. None of these registries have reported results
on femoral stem revision or PROMs of short-stem THAs.

The Australian Orthopaedic Association National Joint
Replacement Registry (AOANIJRR) reported a 10-year over-
all revision rate of 2.9% (CI 2.4-3.6) for short-stem THAS in
their annual report [20]. This revision rate is lower than for
standard-stem THAs performed in Australia (4.4%, CI 4.3—
4.5) and our 10-year overall revision rate of short-stem THAsS.
However, the AOANJRR restricted its analyses to prostheses
currently in use, including Collo-Mis, Metha, MiniHip, Mini-
Max, Nanos, Optimys, and Taperloc Microplasty, whereas we
included all commercially available short stems. THAs with
an Optimys stem had a 5-year overall revision rate of 1.6%
(C10.8-3.2), which is in line with our results.

In our study, patients with short stems may have a higher
risk for femoral stem revision compared with standard-stem
THA patients. However, this higher risk can be explained by
short stems that are hardly used in the Netherlands anymore,
including Pulchra, Metha, Nanos, C.F.P., GTS, and Taperloc
Microplasty. Our study showed a comparable risk for femoral
stem revision for Fitmore, Optimys, and standard stems.

Dislocation is less frequently reported as the reason for
overall revision of short-stem THAs compared with standard-
stem THAS in our study. This may be explained by the more
frequent use of the anterior approach in short-stem THAs
[21]. In short-stem THAS, periprosthetic fractures are less fre-
quently registered as reason for femoral stem revision than
in standard-stem THAs. Advanced age is associated with an
increased risk of periprosthetic fractures [22]. In our study,
short-stem THA patients were younger than standard-stem
THA patients, which may explain the smaller proportion of
femoral stem revisions due to periprosthetic fractures in the
short-stem THA group. An alternative explanation is that these
short stems have their fixation mainly in the metaphyseal area
and hence generate less stress in the diaphyseal area.

No differences are found in patient-reported quality of
life, pain, and physical functioning between short-stem and
standard-stem THA patients. However, PROM response was
low in both groups. Hutchings et al. [23] found a pattern of
lower postoperative PROM response in patients with worse
preoperative EQ-5D and OHS scores. Consequently, PROM
scores could be overestimated in this study. In addition, floor
and ceiling effects as well as regression to the mean may have
played a role in the PROM scores. The proportion of PROMs
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of patients with a Fitmore stem was relatively low in this
study. More than half of the Fitmore stems were implanted in
2021. Therefore, 12 months of follow-up is not yet available
for these stems. As a result, there were relatively fewer PROM
scores from private clinics. There were no differences in age
and sex between PROM responders and non-responders.

This study has some limitations. Confounding may occur by
indication as short-stem THA patients are younger and may
have better health. Short stems may have been used in few
hospitals or by few surgeons, resulting in less generalizable
results. Multivariable Cox regression analyses were restricted
to patient and procedure characteristics recorded in the LROI.
Therefore, possible confounders such as physical activity
could not be included. Furthermore, BMI and smoking status
could not be included as covariates, as these variables have
been registered only since 2014 in the LROI. However, sensi-
tivity analyses with data from the period 2014-2021 showed
our results to be robust. Lastly, in the absence of a clear defini-
tion of short stem, we based our definition on that of the LROI
and previous literature. However, other national arthroplasty
registers such as the AOANJRR and the EPRD use a similar
definition of a short stem [20,24].

In conclusion, there was no overall difference in revision
rates but a tendency toward increased revision of short stems
both for the whole THA and for the stem itself. The less fre-
quently used short stems had increased revision risk. No dif-
ference in PROMs was shown. As the follow-up of patients
with short stems is still limited in the Netherlands, it is recom-
mended to continue following these patients.
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