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Background and purpose — We hypothesized that an ultra-short
stem would load the proximal femur in a more physiological way
and could therefore reduce the adaptive periprosthetic bone loss
known as stress shielding.

Patients and methods — 51 patients with primary hip osteo-
arthritis were randomized to total hip arthroplasty (THA) with
either an ultra-short stem or a conventional tapered stem. The
primary endpoint was change in periprosthetic bone mineral
density (BMD), measured with dual-energy x-ray absorptiometry
(DXA), in Gruen zones 1 and 7, two years after surgery. Second-
ary endpoints were change in periprosthetic BMD in the entire
periprosthetic region, i.e. Gruen zones 1 through 7, stem migra-
tion measured with radiostereometric analysis (RSA), and func-
tion measured with self-administered functional scores.

Results — The periprosthetic decrease in BMD was statistically
significantly lower with the ultra-short stem. In Gruen zone 1, the
mean difference was 18% (95% CI: -27% to —10%). In zone 7,
the difference was 5% (CI: -12% to -3%) and for Gruen zones
1-7 the difference was also 5% (CI: —-9% to —2%). During the
first 6 weeks postoperatively, the ultra-short stems migrated 0.77
mm more on average than the conventional stems. 3 months after
surgery, no further migration was seen. The functional scores
improved during the study and were similar in the 2 groups.

Interpretation — Up to 2 years after total hip arthroplasty,
compared to the conventional tapered stem the ultra-short unce-
mented anatomical stem induced lower periprosthetic bone loss
and had equally excellent stem fixation and clinical outcome.

Periprosthetic bone loss in uncemented femoral stems can
contribute to late-occurring periprosthetic fractures (Lindahl
2007, Streit et al. 2011). This is partly mediated by adaptive
bone resorption. This disuse atrophy, known as stress shield-

ing, is mainly a consequence of the mismatch in modulus of
elasticity between the implant and the periprosthetic bone.
In time, the increasingly more fragile periprosthetic bone
may break—even after minor trauma. Shorter femoral stems,
aimed at giving a more physiological load pattern in the proxi-
mal femur, have become popular lately because of expecta-
tions of reducing stress shielding. Absence of a diaphyseal
engaging stem is a key factor to prevent off-loading of the
proximal femoral bone, but at the same time it will challenge
the primary stability necessary for bone osseointegration of
the femoral implant (Sgballe et al. 1992).

In this study, we hypothesized that an ultra-short unce-
mented stem would give less periprosthetic bone loss in the
proximal femur than a conventional tapered uncemented stem,
and that the ultra-short stem would achieve good fixation and
be safe to use from a clinical standpoint.

Patients and methods
Trial design

We conducted a prospective, randomized controlled trial
between October 2009 and August 2013, at the orthopedic
department, Danderyd Hospital, in collaboration with the
Department of Clinical Sciences at Karolinska Institutet in
Stockholm. We followed the guidelines of the CONSORT
statement (Schulz et al. 2010).

Participants

We recruited patients with primary osteoarthritis who were
scheduled for total hip arthroplasty (THA). Inclusion criteria
were 40-70 years of age with bone stock suitable for unce-
mented hip arthroplasty, i.e. femur type Dorr A or B (Dorr et
al. 1993), and femoral anatomy allowing implantation of both
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Table 1. Stem characteristics

Stem properties Ultra-short stem

Conventional stem

Design Anatomically wedge-shaped
Material Titanium alloy (Ti-6Al-4V)
Coating Fully porous-coated with

sintered beads, mean pore
size 250 ym, covered with
30 pm highly amorphous
hydroxyapatite (Duofix).
Distal tip textured.

Stem lengths used 71-83 mm

Straight tapered (3°)

Titanium alloy (Ti-6Al-4V)
Proximal 30% porous-coated,
pore size of 100—200 pm covered
with plasma-sprayed hydroxy-
apatite (thickness 40—70 pm,
crystallinity 50-70%, purity >95%)
Distal 70% textured.

130-155 mm

stem types, i.e. no hip dysplasia and no previous hip surgery
on the affected side. We excluded patients who had taken cor-
ticosteroids, bisphosphonates, or cytostatic drugs on a regular
basis in the 6 months prior to surgery. Even other drugs acting
on bone metabolism (such as denosumab and teriparatide)
were an exclusion criterion. BMI above 35 was also set as an
exclusion criterion because obesity was thought to increase
the technical difficulties at the surgical procedure and there-
fore possibly influence the outcome.

Implants

The treatment group received an ultra-short wedge-shaped
porous and HA-coated titanium stem (Proxima; Depuy John-
son and Johnson). The control group received a proximally
porous and HA-coated, conventional tapered titanium stem
(Bi-metric; Biomet) (Table 1 and Figure 1). A modular 32-mm
cobalt-chrome head was used together with an uncemented
press-fit cup with a highly crosslinked ultra-high-molecular-
weight polyethylene (HXLPE) liner from the same manufac-
turer as the stem. Design rationales for the ultra-short stem
are an anatomical wedge shape, a prominent lateral flare, and
absence of a diaphyseal stem. These features are claimed by
the manufacturer to provide initial stability both vertically and
rotationally and, together with a high horizontal neck resec-
tion, ensure load transfer to both the medial and the lateral
aspects of the proximal femoral metaphysis (Walker et al.
1999, Renkawitz et al. 2008, Toth et al. 2010). The macrotex-
ture of the surface is stepped to increase ingrowth area and to
transform tangential forces into compressive loads to the bone
(Ghera and Pavan 2009).

Surgery
Surgery was performed by 5 senior surgeons using a postero-
lateral approach (Moore 1957) with repair of the posterior
capsule and the external rotator muscles (Kwon et al. 2000).
Local infiltration analgesia with ropivacain, ketorolak, and
epinephrine was given peroperatively. Immediate full weight
bearing was allowed.

Before the study started, all surgeons practiced with the
ultra-short stem on cadavers and a pilot series of 19 consecu-
tive hip replacements was conducted. The conventional stem,

Figure 1. The ultra-short stem.

evaluated as control, has been used extensively in our prac-
tice—with more than 2,000 implanted stems since 1990 and
with excellent clinical and radiographic results (Bodén et al.
2006).

Primary endpoint

The primary endpoint was change in periprosthetic bone
mineral density (BMD) in Gruen zones 1 and 7 after 2 years.
Because of the difference in stem lengths, the Gruen zones
differed in size between the 2 stem types. We therefore ana-
lyzed Gruen zones 1 and 2 as one zone in the ultra-short stem
and compared that to zone 1 in the conventional stem (Figure
2). By doing so, the proximal zones in both stems were ana-
tomically comparable and easily reproducible. For the same
reason, we analyzed zones 6 and 7 as one zone in the ultra-
short stem and compared it to zone 7 in the conventional stem.

Secondary endpoints

The secondary endpoints were change in periprosthetic BMD
in the entire periprosthetic region (i.e. Gruen zones 1 through
7), stem migration, and the functional clinical result. The fol-
low-up protocol is shown in Figure 3.

{

Conventional =
stem '

Figure 2. Gruen zones measured from the DXA scanner. Zones 1-2
and 6-7 in the ultra-short stem group were compared to zones 1 and
7, respectively, in the conventional stem group.
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1 day preop.
Inclusion and
randomization

DXAf °, DXAv ®, Clin
|

Table 2. Precision of DXA measurements expressed as coefficients
of variation in percent (CV%)

Gruenzone 12 2b 3 4 5 6P 72

Surgery
|
2 days postop.
DXAg, RSA, Rad
|

6 weeks
RSA, Clin
I
) 3 months
Figure 3. Study protocol. DXAf: DXA DXAg, RSA, Clin
scan of proximal femur (WHO total hip); I
DXAv: DXA scan of vertebrae L1-L4 6 months
(WHO lumbar spine); DXAg: DXA scan .
of Gruen zones; RSA: radiostereometry Dheg F il
radiographs; Rad: anterioposterior and I
lateral conventional radiographs; Clin: 12 months

clinical outcome scores including Harris DXAg?, RSA?, Rad, Clin
hip score (HHS), WOMAC, and EQ-5D. I

2 Duplicated examinations for calculating 24 months
precision. DXAg, DXAf ®, DXAv®,
b Skeletal bone mass evaluation. RSA, Rad, Clin

Dual-energy X-ray absorptiometry

DXA scanning was done using a Lunar Prodigy Advance
machine from General Electric Healthcare. The change in
BMD in each zone was calculated by dividing the BMD value
from each examination by the baseline value measured 2 days
postoperatively. The ratio was expressed as a percentage of
the baseline value. Patients were scanned supine with foot
positioning support, to get reproducible internal hip rotation
(Mortimer et al. 1996). The DXA scanner software subdivided
the stem into 3 sections of equal length. The stem tip was the
default starting reference point and the length of each section
was dependent on the stem length, which was given by the
stem manufacturer. Each patient’s individual regions of inter-
est (ROIs) were saved and used for subsequent examinations
to reduce measurement error. To calculate BMD precision,
we performed duplicate examinations in every patient at 12
months by repositioning of patients (Table 2). Precision was
calculated as the coefficient of variation in percent, CV%.

An interobserver variability test between the 2 physicists
responsible for the DXA analyses showed good agreement (p
=1.0).

We scanned the lumbar spine and the opposite hip according
to the WHO criteria for measurement of each patient’s pre-
operative skeletal bone mass. At the 2-year follow-up, we re-
scanned the lumbar spine and the healthy, contralateral hip, to
calculate each patient’s loss of skeletal bone mass over time.

Radiostereometry

The secondary endpoint, stem migration, was evaluated with
radiostereometric analysis (RSA). Due to lack of RSA-marked
implants, we used the maximum total point motion (MTPM)

CV% 55 3.3 4.7 2.8 4.1 2.7 7.0

@ For the ultra-short stem, Gruen zone 1 and 2 were analyzed
together as zone 1, and zone 6 and 7 were analyzed as zone 7.
b Only the precision for the conventional stem is shown.

of the center of the head of the femoral stem as the outcome
variable for migration. Pythagoras’ theorem was used to cal-
culate varus migration of the stems from migration along the
horizontal and vertical axes. UmRSA 6.0 computer software
(RSA Biomedical AB, Sweden) was used together with a uni-
planar calibration cage 43 from the same manufacturer. Digi-
tal calibrated stereo radiographs (Bucky Diagnostic; Philips,
the Netherlands) were taken using one fixed and one mobile
Roentgen source. We followed the published guidelines for
radiostereometric analysis (Valstar et al. 2005). Mean error of
body fitting < 0.3 mm and condition number < 120 were set
as cut-off limits to be included in the RSA analysis. At the
1-year follow-up, we performed duplicate RSA examinations
on every patient. By multiplying the standard deviation of the
differences between the 2 examinations by the appropriate
t-value, we obtained the 99% precision interval. The precision
for MTPM was 0.54 mm.

Clinical outcome

The clinical result was evaluated with self-administered
scores at each follow-up. The hip-specific outcome scores
used were Harris hip score (HHS) and Western Ontario and
McMaster Universities osteoarthritis index (WOMAC). The
health-related quality of life was measured with EuroQol
5-dimensions (EQ-5D). Mid-thigh pain was graded as none,
mild, moderate, or severe.

Sample size and power analysis

Before the study, we conducted a power analysis based on
data obtained from an earlier study of THA performed using
the conventional stem (Skoldenberg et al. 2006). In a previ-
ous study of hip fracture prevention, a 4.8% increase in BMD
in the greater trochanter and a 3.4% increase in BMD in the
femoral neck (roughly equivalent to Gruen zones 1 and 7) was
associated with a 30% reduction in hip fracture risk (McClung
et al. 2001). We therefore assumed that a difference in BMD
between our groups of 15% in the proximal zones (roughly
3 times as large as the increase in that study) would also be
clinically relevant for our group of osteoarthritis patients, to
reduce the incidence of late periprosthetic femoral fractures.
A power analysis showed that detection of a 15% difference
in BMD at the 5% significance level with a standard deviation
of 14% (Skoldenberg et al. 2006) would require 17 patients in
each group. We did not predefine the use of Bonferroni cor-
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Assessed for eligibility
(n = 543)

U-test was used for between-group comparisons of stem
migration, since these data were not normally distrib-

ENROLLMENT

Excluded (n = 492):

- declined to participate, 76
— administrative reasons, 16
— anatomy not suitable, 25
- BMI too high, 14

- medical reasons, 24

- not meeting inclusion criteria, 330

— unable to follow study protocol, 7

uted, and for clinical score data because these were ordi-
nal data. No statistically significant difference was found
in the amount of stem migration for the 5 surgeons using
Kruskal-Wallis test (p =0.5).

We used a linear regression analysis to reduce vari-
ance, and adjusted for group (ultra-short stem/conven-

Randomized
(n=51)

ALLOCATION

tional stem) and stratification factors (age (40-59/60-
70) and sex) in order to evaluate the primary endpoint.
SPSS 22.0 was used for the statistical analyses.

Ethics and registration

Allocated to ultra-short stem (n = 26)
Received ultra-short stem (n = 26)

Allocated to conventional stem (n = 25)
Received conventional stem (n = 25)

The local ethics committee approved the design

FOLLOW-UP

and conduct of the clinical trial (number 2008/4:3).
The trial is registered at ClinicalTrials.gov (number

Lost to follow-up (n = 0)
1 patient died 23 months after inclusion

Lost to follow-up (n = 0)

1 patient died 5 months after inclusion

NCT01319227). There, the primary endpoint was
originally—incorrectly—set at all follow-ups, instead

ANALYSIS

of the anticipated endpoint at 24 months only.

Analyzed (n = 26)
1 patient excluded from the DXA and RSA
analyses due to a periprosthetic femoral

Analyzed (n = 25)

1 patient excluded from the DXA and RSA
analyses due to a periprosthetic infection

Results

fracture

Figure 4. Consort flow chart.

rection for the primary endpoint. To compensate for possible
dropouts, we included 25 patients in each group.

Randomization

Since preoperative skeletal bone mass influences peripros-
thetic bone loss after hip arthroplasty (Nishii et al. 1997,
Rahmy et al. 2004, Alm et al. 2009), we stratified the random-
ization for age and sex. To obtain comparable groups, 2 age
strata were used: 40-59 and 60-70 years of age. Each stratum
consisted of blocks of 4. Patients were randomly assigned at
a 1:1 ratio to either “ultra-short stem” or “conventional stem”.
Randomization was carried out using sequentially numbered,
opaque sealed envelopes. A research nurse generated the
random allocation sequence. None of the surgeons involved in
recruiting and operating on the patients were involved in the
randomization process.

Statistics

Subjects with missing BMD data or missing migration data at
any of the follow-up visits were analyzed by carrying the last
observation forward. This was done with missing data for 1 fol-
low-up visit in 2 patients. Bone mass data and stem migration
data were tested for normality and homogeneity using Kolmogo-
rov-Smirnov test and Levene’s test. Student’s t-test was used for
between-group comparisons of BMD and a post-hoc Bonferroni
correction (not included in the original study plan) was applied
to the primary endpoint to handle multiplicity. Mann-Whitney

Characteristics of participants

We included a fifty-first patient, because 1 patient
died 5 months after inclusion—of causes unrelated
to surgery (Figure 4). Baseline characteristics such as
demographic parameters, functional scores, and preoperative
skeletal bone mass were similar in the 2 study groups (Table
3). The distributions of femoral bone type according to Dorr’s
classification in the 2 age strata were 14 type A and 2 type B
in the younger age group and 12 type A and 23 type B in the
older group.

Femoral bone remodeling

At 2 years, the decrease in BMD in zone 1 was lower for the
ultra-short stems, with a mean difference of 18% (95% CI:
—27% to —10%; p < 0.001) compared to the control group.
In zone 7, the difference was 5% (95% CI. —12% to —3%;
p = 0.4), with less BMD reduction in the ultra-short stems,
but it was not statistically significant after 2 years. When we
compared BMD in the entire periprosthetic region, i.e. Gru-
en’s zones 1-7 together as an entity, we found 5% lower bone
resorption (95% CI: =9% to —2%; p = 0.02) in the ultra-short
relative to the conventional group (Table 4 and Figure 5).

In the regression analysis, the results for the primary end-
point remained in favor of the ultra-short stems after adjust-
ments for stratification factors. No statistically significant loss
in skeletal bone mass (lumbar spine) after 2 years was found
in the 2 groups.

Implant migration

During the first 6 weeks postoperatively, the ultra-short stems
migrated 0.77 mm more than the conventional stems (Table
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Table 3. Baseline characteristics of the study participants

Ultra-short Conventional

Baseline characteristics stem (n = 26) stem (n = 25)
Age, years 2 62 (5) 62 (6)
Male / female, n 11/15 11/14
Weight, kg 2 79 (15) 82 (13)
Height, cm 2 171 (10) 172 (8)
BMI 2 27 (4) 28 (4)
Charnley class, n (A/ B/ C) 16/10/0 18/7/0
ASA class, n (1-2/ 3-4) 21/5 20/5
Harris hip score, preop. P 56 (29-68) 46 (10-70)
WOMAC €© score, preop. P 45 (15-70) 43 (5-72)
Total hip (WHO), nd

Normal bone density 15 16

Osteopenia 9 9

Osteoporosis 0 0

BMD 2, g/cm? 0.95 (0.15) 0.99 (0.16)
Lumbar spine (WHO), n ¢

Normal bone density 13 12

Osteopenia 8 7

Osteoporosis 2 0

BMD 2, g/cm? 1.14 (0.21) 1.15 (0.18)
Surgery, n

Cup (Pinnacle / Regenerex) 26/0 1/24

Articulation, mm (32 / 28) 26/0 24 /1

2mean (SD).
b median (range).

¢ Western Ontario and McMaster Universities osteoarthritis index.
d Skeletal bone mass measured in 49 patients at inclusion, contra-

lateral hip.

€ Skeletal bone mass measured in 42 patients in whom lumbar spine

could be evaluated at inclusion.

5). Migration was predominately into varus and the statisti-

cally significant difference in varus migration at 6 weeks
remained unchanged during subsequent follow-ups. No statis-

tically significant difference was seen in migration along the
sagittal axis. 3 months after surgery, no further migration was

Table 4. Change (mean (SD) %) in bone mineral density (BMD)

T‘T__

—e— Conventional stem
—m— Ultra-short stem

R R

15 20 25

Y_

Ultra-short Conventional

Change in BMD stem (n=26) stem (n=25) Difference (95% Cl) p-value
Zone 1

3months (n=25/24) -6.4(11.9) -13.9(8.5) -7.6 (-13.5t0 -1.6)

6 months (n=25/23) -2.8(13.0) -16.5(8.6) -13.7 (-20.2t0-7.2)

1year (n=25/23) -4.0(158) -17.9(8.8) -14.0(-21.5t0-6.4)

2years (n=24/23) -25(18.2) -20.6(9.8) -18.2(-26.8t0-9.5) < 0.001
Zone 7

3 months (n=25/24) -10.7 (9.2) -16.3 (9.1) -5.6 (-10.8 to -0.3)

6 months (n=25/23) —11.5(104) -182(11.4) -6.7 (-13.1t0-0.4)

1 year (n=25/23) -11.2(11.8) -19.1(12.7) -7.9(-15.0t0-0.8)

2years (n=24/23) -12.8(135) -17.3(11.3) -45(-11.8t0-2.8) 0.4
Zones 1-7

3 months (n=25/24) -4.0(4.3) -7.9 (4.8) -3.9 (-6.5t0 -1.3)

6 months (n=25/23) -1.9(5.7) -7.7 (5.7) -5.8 (9.0 to -2.5)

1 year (n=25/23) -1.7(5.9) -7.0 (5.4) -5.3 (-8.5 to —2.0)

2years (n=24/23) -0.3(7.8) -5.5 (4.7) -5.3 (9.1 to -1.5) 0.02

p-value determined with Student’s t-test.

Last observation carried forward was used twice due to missing data.

15 20 25
Months after surgery

5 10

Figure 5. Mean percentage change in BMD. Error bars indicate 95% ClI.
Differences were analyzed with Student’s t-test. 2 p < 0.05.

seen in the 2 groups and all implants were
stable at 2 years (Figure 6).

Clinical outcome

Both median HHS and median WOMAC
score improved greatly from baseline up
to 2 years after surgery. Median HHS
increased by 42 points to 95 for the ultra-
short stem, compared to an increase of 38
points to 92 for the conventional stem. The
difference in improvement and the results
after 2 years were not statistically signifi-
cant between the 2 groups (p = 0.2 and p
= 0.2). WOMAC score increased by 48
points to 95 for the ultra-short stem and by
42 points to 94 for the conventional stem
(p = 0.09 and p = 0.5). The improvement
in health-related quality of life was also
similar. Median EQ-5D increased in both
groups from 0.69 preoperatively to 1.00 at
2-year follow-up. The number of patients
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Table 5. Stem migration as maximum total point motion (MTPM)
measured with radiostereometry (RSA). Values are median (range)
mm.

Stem migration, Ultra-short Conventional

MTPM (mm) stem (n = 26) stem (n =25) p-value
6 weeks (n=25/24) 1.51(0.33-5.44) 0.74 (0.13-5.29)

3 months (n =25/24) 1.65(0.27-5.62) 0.74 (0.08-7.05)

6 months (n =25/23) 1.59 (0.43-5.72) 0.54 (0.25-7.91)

1year (n=25/23) 1.59 (0.45-5.81) 0.62 (0.20-7.73)
2years (n=24/23) 1.71(0.39-6.00) 0.87 (0.87-7.47) 0.01

p-value determined with Mann-Whitney U-test.
Last observation carried forward was used 3 times due to missing data.

Months after surgery

Figure 6. Stem migration as maximum total point motion (MTPM) for
individual stems. Red lines correspond to ultra-short stems and green
lines correspond to conventional stems. Solid black line = MTPM ultra-
short stems (median). Dashed black line = MTPM conventional stems
(median)

who suffered from mid-thigh pain was greater in the conven-
tional stem group during the first 6 months, but the differences
were not statistically significant at any time (Table 6).

Adverse events

1 patient in the ultra-short stem group felt a sudden pain in the
operated hip 3 weeks after surgery. Radiographs revealed a
gross varus migration as a result of a calcar femoral fracture.
The patient was revised to a conventional stem. 1 patient in the
conventional stem group suffered from increasing hip pain,
starting several months after surgery. He was diagnosed with
a low-virulence deep periprosthetic infection. These 2 patients
were excluded from the analyses. During the study period,
2 patients in the ultra-short stem group had been treated with
glucocorticosteriods and bisphosphonates, for 7 and 10 months
respectively, because of polymyalgia rheumatica. 1 patient in the
conventional stem group was treated with tamoxifen (anti-estro-
gen). They were included in the data analyses according to the
intention-to-treat-principle. Other adverse events were evenly

Table 6. Adverse events during the study

Conventional
stem (n = 25)

Ultra-short

Adverse events stem (n = 26) Total (n)

Drug-related
Bisphosphonates 1
Glucocorticosteriods (orally)
> 1 month
< 2 weeks 2
Calcium + vitamin D 1
Anti-estrogen
NSAIDs 7
Surgery-related
Periprosthetic fracture
Periprosthetic infection
Lateral thigh pain
Mid-thigh pain at 6 weeks
at 3 months
at 6 months

Leg length discrepancy
> 10 mm

Other adverse events
Low back pain
Pain, contralateral hip
THA, contralateral hip
Knee pain
Ischialgia
Skin rash/blisters
Urticaria
Polymyalgia rheumatica
Malignancy
Died

Total (n) 45 51

—_
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=
A=2DNDON

DN WN
WO L=
(6> N{e N ) REREH

O ww
NN \o)
—
NWN=2MNDN AW \V)
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©
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distributed between the 2 groups (Table 6). We did not see any
aseptic loosening, dislocation, or thromboembolic events.

Discussion

In this randomized, controlled trial in healthy patients with
primary osteoarthritis and good preoperative bone quality, the
ultra-short stem reduced short-term adaptive periprosthetic
bone resorption in the greater trochanteric region and also
along the entire periprosthetic region measured as an entity
(Gruen zones 1-7).

As a result of the absence of a diaphyseal stem, the ultra-
short stem—reaching just slightly distal to the level of the
lesser trochanter—violated the femoral canal less than the
conventional stem during preparation. However, this ultra-
short design made it somewhat more prone to initial migration,
predominantly in varus, before osseointegration occurred. We
did not see any continuous migration after 3 months for the 2
stem types. Excellent improvements in clinical scores were
recorded in both groups. There was a trend of less mid- thigh
pain during the first 6 months in the ultra-short stem group.

Bone remodeling
The hypothetical rationale for the lateral flare—to transfer
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load to the greater trochanteric bone—appears to be a correct
assumption by the implant designers. It is evidently an impor-
tant design feature that might reduce the incidence of late
periprosthetic fractures and/or trochanteric avulsions (Lindahl
2007, Streit et al. 2011).

A reduction in BMD loss in the calcar region was also seen
with the ultra-short stem until 1 year after surgery, but the dif-
ference was no longer statistically significant at 2 years. The
trend of bone preservation in the calcar region could be an
effect of load transfer from the prolonged medial contour of
the ultra-short stem on the preserved calcar bone after a high
neck resection level. Because of the stiffness of the titanium
stem, the surrounding bone will demineralize according to
Wolf’s law and load will be delivered to the skeleton mainly
at the distal stem/bone interface. The shorter this distance, the
less femoral bone will be shielded, indicating that stem length
matters in preserving femoral bone. At least up to 2 years after
surgery, the ultra-short stem preserves femoral bone, which is
advantageous should a later stem revision be necessary. Bone
remodeling in the control group was in accordance with an
earlier study with this stem by our research group (Skolden-
berg et al. 2011). In a study of the current ultra-short stem,
Kim et al. (2011a) found bone remodeling in accordance with
our results.

Short femoral stems, with differing shape and surface finish,
have recently become popular because of similar expectations
in reducing stress shielding, by loading the proximal femur in
a more physiological way. Excellent clinical and radiographic
mid-term results have been reported, but most of the short
stems have not been able to reduce BMD loss in the proximal
femoral regions (Albanese et al. 2009, Chen et al. 2009, Gotze
et al. 2010, Lerch et al. 2012, Lazarinis et al. 2013).

Migration

An obvious risk in using short uncemented stems is that initial
stability is challenged due to the lack of a stabilizing press-fit
stem down the diaphysis. Varus malalignment and initial varus
migration of the current ultra-short stem have been observed
by several authors (Toth et al. 2010, Ghera and Pavan 2009),
as well as varus malalignment of conventional uncemented
stems (Khalily and Lester 2002, Berend et al. 2007, Min et
al. 2008). We did not use intraoperative fluoroscopy, which
would explain why some of our stems were implanted slightly
in varus. As our RSA results revealed, we also saw larger
varus migration in the ultra-short stems than in the conven-
tional stems initially after surgery. It seems as if a slight varus
malalignment does not preclude either osseointegration or the
favorable lateral periprosthetic bone remodeling, or the excel-
lent clinical results.

Excessive early migration and continuous migration of an
implant may predict implant loosening (Kirrholm et al. 1994,
Kirrholm 2012). The amount of migration recorded for the
ultra-short stem was slightly greater than the proposed safe
zone for later loosening, but the proposed safe zone does not

necessarily apply to an ultra-short stem. We interpreted the
initial micromotion as a ’bedding-in” process before osseoin-
tegration has occurred.

Clinical results

Excellent clinical results have been reported with a variety
of uncemented stems (Bourne et al. 2001, Aldinger et al.
2003, Bodén et al. 2006, Sanz-Reig et al. 2011). We observed
equally excellent clinical results with the ultra-short stem in
patients with adequate bone stock. However, we do not know
whether we would get similar results in patients with compro-
mised bone stock, even though others have used the same stem
in elderly patients and reported generally good results (Kim et
al. 2011b, Kim and Oh 2012). A gross subjective evaluation
revealed a slightly lower incidence of thigh pain in the ultra-
short stem group. In our opinion, patient selection and surgical
technique are crucial factors for a successful outcome. This
randomized study was preceded by a pilot series, where we
found that choosing the largest stem size possible, especially
in the A-P-plane, was of importance to obtain good initial sta-
bility. In the pilot series, we had 2 patients with aseptic loosen-
ing of the stem due to insufficient primary stability. We believe
that the pilot series contributed to the low complication rate
and excellent clinical results in the current study.

Strengths and limitations

The strengths were the prospective randomized study design,
with a high follow-up rate, and that highly sensitive and accu-
rate methods were used to evaluated our endpoints. In addi-
tion, the analysis of effect was performed according to the
intention-to-treat principle, an approach that has been lack-
ing, or not reported, in most previously published studies on
bone remodeling. The lack of patient blinding was the main
limitation of the study. Also, a more accurate evaluation of the
parameter mid-thigh pain would have been possible if we had
graded this with a visual analog scale instead of the subjec-
tive phrase options that we used. Since the Bonferroni correc-
tion used in analysis of the endpoints was not pre-specified in
our sample size calculation, it is possible that our study was
underpowered. Thus, the outcome of the study can be inter-
preted as hypothesis-generating.

Conclusion

Up to 2 years postoperatively, we achieved excellent clini-
cal results, early implant stability, and a reduction in adaptive
bone loss with this ultra-short stem. We believe that careful
patient selection and meticulous surgical technique have been
important contributors to our results.

MS conducted the study with patient inclusion, follow-up examinations, and
collection and analysis of all data. He also wrote the manuscript. OS designed
the study, supervised data collection, and helped with data analysis and manu-
script preparation. OM, TA, HB, TE, and AS also helped with manuscript
preparation.
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