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Abstract

Purpose Short-stem hip arthroplasty preserves femoral bone
stock which includes the femoral neck. This implies that the
stem has to follow the anatomy of the femoral neck. There-
fore, it has been questioned whether biomechanical recon-
struction of the hip can be safely achieved with SHA.
Methods Biomechanical reconstruction of the hip was ana-
lysed for 50 modular short-stem hip arthroplasties (SHA) and
compared to 50 conventional total hip arthroplasties (THA).
Biomechanical parameters were analysed on pre- and postop-
erative pelvic overviews and compared to those of the contra-
lateral side.

Results The position of the acetabular cup (vertical and hor-
izontal hip centre of rotation) changed slightly and was com-
parable for both groups. Horizontal femoral offset increased
more in SHA (6.2 mm) than in THA (2.0 mm). Compared to
the contralateral side it was significantly greater after SHA
(+3.6 mm) but almost balanced after THA (—0.2 mm). Limb
length increased with both procedures (8.0 mm SHA, 9.1 mm
THA), but showed a significantly greater discrepancy after
SHA (3.3 mm) as compared to THA (1.3 mm). According to
the different implant designs, the stem-shaft axis showed a
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wider varus-valgus range for SHA (6.2° varus to 8.8° valgus)
than for THA (2.6° varus to 3.3° valgus).

Conclusion Horizontal femoral offset increased more with
modular SHA than with conventional THA, but was within
a beneficial range. Restoration of limb length appears more
difficult in SHA and has a tendency to prolong limb length,
which is probably related to the higher femoral resection level.
This should be taken into consideration when considering
SHA for a patient as well as during implantation.

Introduction

Biomechanical reconstruction of the hip has a significant im-
pact on the clinical outcome and survival of implants in hip
replacement arthroplasty [1-7]. In order to achieve a proper
restoration of the joint, it is essential for the surgeon to under-
stand the key characteristics of an implant design.

Good clinical results have been reported for short-stem hip
arthroplasty (SHA) [8—11], which was introduced several years
ago, but only now is being performed in increasing numbers.
However, little is known about the ability of SHA to reconstruct
the limb length and the biomechanics of the hip [12]. This
appears even more relevant for SHA, as several designs require
aresection level under the femoral head to preserve the femoral
neck, which is needed for a firm anchorage. This entails that the
implant has to follow the given angle and torsion of the femoral
neck [11]. Furthermore, the position of the implant is also partly
determined by the height of the femoral resection level. As a
consequence, it has been speculated that restoration of the limb
length might be limited in SHA [13].

Therefore, the present study was designed to evaluate
whether biomechanical restoration of the hip can reliably be
achieved with SHA.
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Material and methods
Patients and surgery

Fifty consecutive short-stem hip arthroplasties (SHA) with a
modular implant design, which had a pre- and post-
operative pelvic overview were analysed retrospectively.
Surgery was performed from May 2006 to November
2008 at the orthopaedic department. All surgery was per-
formed by three experienced senior surgeons (AF, FM, VI)
through a minimally invasive antero-lateral Hardinge ap-
proach in the supine position. For comparison, 50 consecutive
total hip arthroplasties (THA), which were implanted during
the same period of time, with one implant type and a pre- and
post-operative pelvic overview, were analysed. The THA
collective patients were operated via the same antero-lateral
approach and by the same surgeons (AF, FM, VJ), or under
their supervision.

Inclusion criteria for patients of both treatment groups were
primary hip arthroplasty, and at least one pre- and one post-
operative pelvic overview. Exclusion criteria were severe
dysplasia (Crowe III-IV), joint infection, malignancy of the
femur/pelvis, or a traumatic event. All implants were carefully
templated pre-operatively and intra-operatively evaluated
with fluoroscopy in two planes. The study was approved by
the Ethics Committee of the University.

Implants

All patients with SHA received the same short-stem hip
implant (Metha, BBraun Aesculap, Tuttlingen, Germany) in
the modular version (Fig. 1a). The implant is available as a
monoblock (CCD-angle 130°, 135°) or as a modular variant
with cone adapters (CCD-angle 130°, 135° and 140°, all with
7.5° antetorsion, retrotorsion or neutral), with an implant size
ranging from O to 7.

All patients with THA received the same conventional hip
implant, which has a monoblock design with a CCD-angle of
140° (CR-stem, Implantcast, Buxtehude, Germany). The im-
plant sizes range from 0 to 7 (Fig. 1b). In both groups, either a
threaded or a press fit cup (Screwring or Plasmacup SC,
BBraun Aesculap, Tuttlingen, Germany) was used. All
patients received a ceramic femoral head (BBraun Aes-
culap, Tuttlingen, Germany), which is available in small,
medium, large and extra-large sizes with 4-mm increments
respectively.

Radiological evaluation
Biomechanical parameters were determined from a pre- and
a postoperative pelvic overview. The radiographs were cen-

tred on the pubis with the patient in the supine position, the
legs stretched and parallel, with 10—15° of internal rotation.
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All radiographs were acquired with the same digital X-ray
apparatus and analysed with the digital planning software
Endomap (both Siemens, Medical Solutions, Erlangen, Ger-
many). The best reproduced pre- and postoperative radiograph
was selected for each patient.

All measurements were performed by one of the
authors (MB), in a blinded fashion and random order.
The postoperative pelvic overviews were calibrated for
size using the femoral head (size obtained from the
operative notes). The pre-operative pelvic overview was
calibrated using the distance between the teardrop lines,
or the lowest points of the sacroiliac joints (length determined
beforehand from the calibrated postoperative pelvic over-
view). Size consistency was validated by comparing the di-
ameter of the contralateral femoral head, using the pre- and
postoperative radiographs.

The following parameters were determined pre- and post-
operatively for the arthroplasty side, as well as for the native
contralateral side (only radiographs with unilateral hip arthro-
plasty), as previously described (Fig. 2) [14, 15]:

Vertical and horizontal femoral offset
Vertical and horizontal hip centre of rotation
Leg length

Abductor lever arm

Stem-shaft axis

MY

Statistical analysis

Statistical analysis was performed using SigmaStat (Systat
Software GmbH, Erkrath, Germany). Differences within each
group (pre- and postoperative side, operated and contralateral
side) were evaluated using a paired t-test. Comparison between
THA and SHA was evaluated using an unpaired t-test. A p-
value <0.05 determined significance.

Results
Patients and demographics

The SHA study collective was comprised of 50 implants (45
patients): 23 men and 22 women, with a mean age of 54+
12 years (20-71 years). Reasons for hip replacement were
osteoarthritis in 40% (n=20), avascular necrosis in 28% (n=
14), acetabular dysplasia in 28% (n=14) and rheumatoid ar-
thritis in 4% (n=2) of the patients.

The THA study collective comprised of 50 implants (42
patients): 19 men and 23 women, with a mean age of 60+
eight years (range 39-72 years). Reasons for hip replace-
ment were osteoarthritis in 70% (n=35), acetabular dyspla-
sia in 22% (n=11) and avascular necrosis in 8% (n=4) of the
patients.
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Fig. 1 a Radiograph
showing the SHA implant.
b The THA implant

Implants

For SHA, implants with a CCD-angle of 130° were used
in 46% (n=23), 135° in 54% (n=27) and 140° in 0%
(n=0) of the cases. The mean cup size was 50.6£3.4 mm
(range 44-56 mm) with a head diameter of 28 mm in
10% (n=5), 32 mm in 82% (n=41), and 36 mm in 8%
(n=4) of the patients. Head length was short in 36% (n=

Fig. 2 Biomechanical
parameters determined in

pre- and postoperative radio-
graphs after SHA and THA:

1 horizontal hip centre of rota-
tion, 2 vertical hip centre of
rotation, 3 vertical femoral
offset, 4 horizontal femoral
offset, 5 abductor lever arm, 6
limb length, 7 stem-shaft angle,
A vertical teardrop line,

B horizontal tear drop line, C
midline lesser trochanter, D
femoral shaft axis, Etangential
line to the greater trochanter,
F stem axis

18), medium in 40% (n=20) and large in 24% (n=12) of
the patients.

For THA, all 50 implants had a CCD-angle of 140°. The
mean cup size was 51.0+£3.8 mm (range 44—64 mm) with a
head diameter of 28 mm in 12% (n=6), and 32 mm in 88%
(n=44) of the patients. Head length was short in 22% (n=
11), medium in 76% (n=38), and large in 2% (n=1) of the
patients.
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Radiological evaluation
Consistency of the pre- and postoperative radiographs

Comparing the diameter of the contralateral femoral head size,
using the pre- and postoperative radiographs, revealed an
excellent degree of consistency, with an average diameter of
46.3+3.8 mm and 45.9+£3.8 mm (maximum error of 6.4%),
respectively.

Horizontal femoral offset

After SHA, the mean horizontal femoral offset had sig-
nificantly increased by 6.2 mm (p=0.001), with 78%
(39/50) of the cases showing an increase. Compared to
the contralateral side, the horizontal femoral offset was
significantly larger by 3.6 mm (p=0.001). After THA,
the mean horizontal femoral offset had increased signif-
icantly by 2.0 mm (p=0.03), with 54% (27/50) of the
cases showing an increase. Compared to the contralateral
side, the horizontal femoral offset was, with —0.2 mm,
almost equal and not significantly different (p=0.87).
The increase (p=0.001) in the horizontal femoral offset,
as well as the postoperative difference (p=0.007), were
significantly different between SHA and THA (Tables 1,
2 and 3).

Vertical femoral offset

After SHA, the mean vertical femoral offset had significantly
increased by 8.1 mm (p=0.001), with 96% (48/50) of the
cases showing an increase. Compared to the contralateral side,
the vertical femoral offset was significantly larger by 6.2 mm
(p=0.001). After THA, the vertical femoral offset had signif-
icantly increased by 8.8 mm (p=0.001), with 92% (46/50) of
the cases showing an increase. Compared to the contralateral
side, the vertical femoral offset was significantly larger by
4.6 mm (p=0.001). The increase (p=0.53) in the vertical
femoral offset, as well as the postoperative difference (p=
0.14), were not significantly different between SHA and
THA (Tables 1, 2 and 3).

Horizontal hip centre of rotation

After SHA, the mean horizontal hip centre of rotation was
significantly medialized by 5.2 mm (p=0.001), and was
more medial in 88% (44/50) of the cases. Compared to the
contralateral side, the horizontal hip centre of rotation was
significantly more medial by 2.2 mm (p=0.001). After
THA, the horizontal hip centre of rotation was postopera-
tively medialized by 3.5 mm (p=0.001), and was more
medial in 72% (36/50) of the cases. Compared to the con-
tralateral side, the horizontal hip centre of rotation was
significantly more medial by 1.1 mm (p=0.02). The increase
(»=0.21) in the horizontal femoral offset, as well as the
postoperative difference (p=0.92), were not significantly
different between SHA and THA.

Vertical hip centre of rotation

After SHA, the vertical hip centre of rotation did not change
significantly. The mean position was 0.2 mm more proximal
(p=0.71), with 48% (24/50) of the cases being more proximal.
Compared to the contralateral side, the mean vertical hip
centre of rotation was significantly more proximal by
2.4 mm (p=0.001). After THA, the vertical hip centre of
rotation did not change significantly. The mean position was
0.6 mm more distal (p=0.14), with 46% (26/50) of the cases
being more distal. Compared to the contralateral side, the
mean vertical hip centre of rotation was significantly more
proximal by 2.3 mm (p=0.001). The changes (»p=0.100) in the
vertical hip centre of rotation, as well as the postoperative
differences (p=0.15), were not significantly different between
SHA and THA.

Abductor lever arm

After SHA, the mean abductor lever arm did not change
significantly. It decreased by 1.1 mm (p=0.15), with 56%
(28/50) of the cases showing a decrease. Compared to the
contralateral side, the abductor lever arm was shorter by
1.4 mm, which was not significant (p=0.11). After THA, the
mean abductor lever arm did not change significantly. It de-
creased by 0.4 mm (p=0.67), with 44% (22/50) of the cases

Table 1 Pre-operative radiologi-
cal data on patients of both study

groups. Data presented as mean
(SD, range)

SD standard deviation, SHA
short-stem hip arthroplasty,
THA total hip arthroplasty

Parameter SHA (n=50) THA (n=50) p value®
Horizontal femoral offset 35.1 (7.9, 18-53) 37.9 (6.6, 21-52) 0.07
Vertical femoral offset 54.8 (£9.1, 33-71) 55.2 (£7.4, 43-71) 0.76
Horizontal hip centre of rotation 37.8 (£5.2, 24-47) 34.2 (£5.7, 20-45) 0.002
Vertical hip centre of rotation 16.7 (+4.1, 7-27) 16.4 (£3.9, 9-29) 0.73
Abductor lever arm 49.5 (6.7, 36-65) 47.8 (£6.0, 32-60) 0.18
Leg length 38.0 (+10.5, (13-58) 39.2 (#9.1, 21-58) 0.53

 p value: SHA vs. THA
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Table 2 Biomechanical changes of the pre-operative hip compared to those of the post-operative hip. Data presented as mean (SD, range)

Parameter

SHA (n=50)

Horizontal femoral offset

Vertical femoral offset

Horizontal hip centre of rotation
Vertical hip centre of rotation

Abductor lever arm

+6.2 (£6.5, 6 to 24)
+8.1 (£5.2, -1 to 26)
~5.2 (+4.6, -16 to 6)
+0.2 (+3.3, -11 to 6)
~1.1 @#5.1, -11 to 9)

THA (n=50) p value®
+2.0 (+6.1, -11 to 21) 0.001
+8.8 (£5.9, -4 to 20) 0.53
-3.5 (4.9, -18 to 8) 0.22
—0.6 (2.9, -8 to 7) 0.10
~0.4 (£6.7, -14 to 20) 0.58
+9.1 (£5.8, -4 to 20) 034

Leg length +8.0 (£6.2, -3 to 23)

SD standard deviation, SHA short-stem hip arthroplasty, THA total hip arthroplasty

* p value: SHA vs. THA

showing a decrease. Compared to the contralateral side, the
abductor lever arm was significantly shorter by 1.9 mm, which
was significant (p=0.03). The changes (p=0.58), as well as the
postoperative differences (p=0.69) in the abductor lever arm,
were not significantly different between SHA and THA.

Leg length

After SHA, the leg length increased significantly by 8.0 mm
(»=0.001), with 92% (46/50) of the cases showing an in-
crease. Compared to the contralateral side, the leg length
was significantly longer by 3.3 mm (p=0.001). After THA,
the leg length increased significantly by 9.1 mm (p=0.001),
with 88% (44/50) of the cases showing an increase. Compared
to the contralateral side, the leg length was significantly longer
by 1.3 mm (p=0.02) (Tables 1, 2 and 3). The increase in limb
length was not significantly different (»=0.34) between SHA
and THA. In contrast, the postoperative limb difference was
significantly different (»p=0.03).

Stem-shaft axis
The mean stem-shaft axis for SHA was 0.5°+3.5° of a varus

position. Of the SHA stems, 58% (n=29) were placed in a
neutral position (+3°), 24% (n=12) in a varus position (mean

5.1°+1.4° max 8.8°) and 18% (n=9) in a valgus position
(mean 4.6°+£0.9°; max 6.2°).

The mean stem-shaft axis for THA was 0.1°+1.2° of a varus
position. Of the THA stems, 98% (n=49) were placed in a
neutral position (+3°), with one implant (2%) showing a varus
position of 3.3°. The difference in the stem-shaft axis was not
significantly different between SHA and THA (p=0.32).

Discussion

Good results in hip arthroplasty not only depend on a firm
anchorage, but also on a precise biomechanical reconstruc-
tion of the hip [2, 5, 6, 16—18]. Little is known about the
ability to reconstruct the biomechanics of the hip for SHA
[12], which is why this study compared the results of SHA
to those of THA.

On the acetabular side, the vertical hip centre of rotation
did not change significantly either after SHA or THA, with a
more proximal position for both groups when compared to
the contralateral side (2.4 mm SHA; 2.3 mm THA). Simi-
larly, two studies have reported only slight changes in the
vertical hip centre of rotation after THA, with a more prox-
imal position of 1.4 mm and 3.3 mm compared to the
contralateral side [14, 19]. And after SHA with the Proxima

Table 3 Biomechanical parameters on the operated hip compared to the native contralateral hip (unilateral hip arthroplasty). Data presented as

mean (SD, range)

Parameter SHA (n=45) THA (n=42) p value®
Horizontal femoral offset +3.6 (+6.4, —8 to 18) —0.2 (£6.4; —12 to 15) 0.007
Vertical femoral offset +6.2 (+4.9, =3 to 17) +4.6 (£5.2; =5 to 17) 0.14
Horizontal hip centre of rotation -2.2(£3.9,-12t0 5) -1.1 (£3.0; -8 to 5) 0.15
Vertical hip centre of rotation +2.4 (#4.5, 15 to 12) +2.3 (£3.9; —6 to 10) 0.92
Abductor lever arm —1.4 (£5.9, 14 to 15) —1.9 (£5.5; —13 to 11) 0.69
Leg length +3.3 (£5.3, —10 to 14) +1.3 (3.4, -7 10 9) 0.03

SD standard deviation, SHA short-stem hip arthroplasty, 7HA total hip arthroplasty

# p value: SHA vs. THA
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short-stem, a more proximal cup position of 1.4 mm has
previously been reported [10].

The horizontal hip centre of rotation was significantly
medialized in both groups and was more medial compared
to the contralateral side (2.2 mm SHA, 1.1 mm THA). A more
medial cup position has also been reported after SHA
(0.9 mm) [10] and THA (1.0 mm-3.1 mm) [14, 19, 20]. This
is considered beneficial, as it affects the abductor lever arm
positively and also leads to lower joint reaction forces [2, 18].
Overall, the position of the acetabular component was similar
in both treatment groups, which enabled us to make a direct
comparison of the femoral reconstruction.

On the femoral side, the horizontal femoral offset in-
creased for both treatment groups, but with a clearly greater
increase in SHA. Compared to the contralateral side, it was
significantly greater in the SHA group (3.6 mm), but was
almost balanced in the THA group (0.2 mm). A study of
the MiniHip short-stem also reported an increase of 2.8 mm
in the horizontal femoral offset, however, without compar-
ing the data to the contralateral side [12]. For the Proxima
short-stem, Kim et al. reported postoperatively a smaller hor-
izontal femoral offset of 0.6 mm compared to the contralat-
eral side [10]. Although different study collectives and
surgeons probably contributed to the varying results, the dif-
ferences can also be attributed to the different short-stem
implants with different shapes, shaft-neck angles and modular
or non-modular designs. Furthermore, the varus or valgus
position of most SHA implants is more variable than for
THA implants [12, 21], which also influences the horizontal
femoral offset [21].

For THA, a wide range in postoperative horizontal femoral
offset has also been reported, with most studies describing a
postoperative increase [7, 14, 19-21]. Compared to the con-
tralateral side, a balanced or even moderately increased hori-
zontal femoral offset is often striven for, as this seems to offer a
favourable outcome in terms of a better range of motion
[3, 22], an increased stability with a reduced risk of dislocation,
and less wear [3, 5, 6, 16, 18]. However, less wear only seems
to apply if the horizontal femoral offset is not increased by
more than 5 mm compared to the native femoral offset [6].
And, one study even reported a higher failure rate for stems
using a very high offset version [23].

An increase in the horizontal femoral offset correlates pos-
itively with the strength of the abductor muscles [1-3, 7],
which can be estimated from radiographs by measuring the
abductor lever arm [7]. Although the femoral offset increased
for both treatment groups, the abductor lever arm decreased
slightly in the THA (=0.4 mm) and in the SHA (—1.1 mm)
groups. This contradictory finding can be explained by the
increased limb length in both collectives, which results in a
reduced measurement of the abductor lever arm.

Restoration of the limb length is an important goal in hip
arthroplasty. In both groups the limb length was pre-
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operatively shorter on the side of arthroplasty, but increased
thereafter. However, compared to the contralateral side, the
postoperative limb length discrepancy was more pronounced
in SHA (3.3 mm) than in THA (1.3 mm). Similarly, for the
same SHA implant (Metha), Confalonieri et al. and Lavzoic et
al. reported on a postoperative limb difference of about +4 mm
to +8 mm, despite using navigation in many of the procedures
[13, 24]. This tendency to increase limb length in SHA is very
likely related to the higher resection level at the femoral neck.
The Proxima short-stem, which requires a lower resection level
compared to the Metha stem, has also reported a postoperative
limb difference of +3.1 mm [10]. The difference of +3.3 mm in
our SHA group is significantly more than that of our THA
group (+1.3 mm) and also greater than that of most other THA
studies (—1.1 mmto +2.6 mm) [7, 14, 19, 20]. Altogether, these
results suggest that neck-preserving SHA has a tendency to
prolong limb length, which should be taken into consideration
when selecting an implant for a patient, as well as during
implantation.

The stem-shaft axis showed a wider range of varus-valgus
position in the SHA group than in the THA group. This has
been similarly reported by Kamada et al. [21] for the Mayo
short-stem and is related to the different anchorage philosophy
of the double-tapered SHA stem compared to that of a con-
ventional THA stem [11]. Although Kamada et al. reported a
better abductor muscle strength for the varus than for the
valgus position after SHA [21], the preferable position and
the acceptable range are still not known and require further
research [9].

This study has some limitations. First, modular necks are
supposed to improve the biomechanical reconstruction of the
hip [25, 26]. In this study, the modular SHA implant did not
show better results as compared to the monoblock THA im-
plant. However, we were not able to analyse the anteversion or
retroversion of the stem from the plane radiographs. Also, we
did not compare a modular versus a non-modular SHA design.
Further studies are required to evaluate these issues. Second,
patients were not randomized. This was due not only to the
retrospective study design, but also to the different selection
criteria for THA and SHA (especially age and bone quality).
Third, analysis from plane radiographs can potentially include
deviations. However, consistency between the pre- and post-
operative radiographs was very good with a maximum error
of 6.4%.

In summary, hip arthroplasty with a modular SHA implant
increased the horizontal femoral offset more than a monoblock
THA implant, but within a beneficial range. In contrast, resto-
ration of the limb length seems to be more challenging with
SHA, as it tends to prolong limb length, which is probably
related to the higher resection level at the femoral neck.
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