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ORIGINAL STUDY

Excellent midterm clinical outcomes and restoration of native hip anatomy with
a calcar guided short femoral stem in cementless THA

Roland S. CaMeENzIND, Dimitris DiMiTrRIOU, Marion ROTHLISBERGER, Alexander ANTONIADIS, Ndder HELMY

From the Department of Orthopedic Surgery, Biirgerspital Solothurn, Solothurn, Switzerland

Restoration of the femoroacetabular offset and leg-
length is critical in optimizing hip function following
total hip arthroplasty (THA). The short femoral
stems allow bone sparing and implantation through
a minimally invasive approach ; however, they might
not anatomically reconstruct the native hip anatomy.
Therefore, the purpose of the present study was to
investigate whether a calcar guided short femoral stem
could restore hip anatomy and provide satisfactory
clinical outcomes at a 5-years follow-up. A total of 114
consecutive patients treated with THA and a calcar
guided short femoral stem with an average age of
67 years, and a median follow-up of 5 years were
evaluated clinically and radiographically. All patients
were operated either through a minimally invasive
anterior or anterolateral approach. The contralateral
native hip was used as reference to examine whether
a calcar guided short femoral stem could restore the
native hip anatomy. The Harris hip score improved
significantly at an average of 45 points following the
short-stem THA. The rest and loading pain decreased
significantly from an average VAS of 4 and 7 points
preoperative to VAS 0 and 0 points postoperative,
respectively. Compared to the contralateral native
hip the total offset was not significantly different,
and the leg length increased by an average of 2 mm
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compared to the contralateral native hip. Although the
minimally invasive anterolateral approach had similar
functional outcomes and patient satisfaction with the
anterior approach, it showed more discrepancies from
the contralateral native hip in the total offset and leg
length than the anterior approach. A calcar guided
short femoral stem, implanted through a minimally
invasive approach could restore native hip anatomy
regarding total offset and leg length, and provide
excellent functional outcomes and patient satisfaction
5-years following THA. Surgeons performing THA
with minimally invasive anterolateral approach
should be aware of the discrepancies in total offset
and leg length to prevent a malalignment of the
femoral component.
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INTRODUCTION

Total hip arthroplasty (THA) is considered
an effective procedure in providing pain relief,
restoring hip function and improving the quality
of life in patients suffering from end-stage hip
osteoarthritis (7). However, restoration of hip
anatomy, including femoral offset, leg-length,
and center of rotation is critical in optimizing hip
function (12,22). Evidence suggests that component
malposition in THA might be associated with
adverse clinical outcomes, such as hip impingement
(23), edge loading (20), dislocation (2), increased
liner wear and periprosthetic osteolysis (76).

Although THA was initially performed in elderly
patients with low activity levels, the indications of
THAhave expanded to include both active and young
patients. According to current estimations, 15% of
THA are performed in active individuals, younger
than 60 years (17), and this number is expected to
increase in the near future (5). Even though young
and active patients could also benefit from a THA,
they might have a higher risk of implant failure
and subsequent revision surgery (70). Therefore,
within this population, an effective THA should
aim in preserving the metaphyseal bone, providing
feasible femoral revision options and allowing
easier implantation with less invasive procedures.
Short cementless femoral components were
developed to preserve metaphyseal bone through
proximal load transfer and facilitate the femoral
stem implantation through minimally invasive
approaches. Nevertheless, due to the technically
demanding minimally invasive approaches and the
metaphyseal anchoring of the short stems, they might
be susceptible to implantation in varus position (/1)
and therefore alter hip geometry regarding femoral
offset, leg-length, and center of rotation.

Although recent studies demonstrated excellent
short-term outcomes of several short stem designs
(1,9) the current literature shows limited knowledge
of postoperative results, in terms of restoring hip
anatomy and midterm functional outcomes in short
stem THA. Therefore, the aim of the present study
was : 1) to investigate whether a calcar guided short
femoral stem, implanted using a minimally invasive
approach could reproduce the offset, leg-length,

and vertical center of rotation compared to the
contralateral native hip, 2) to investigate the effect
of the surgical approach on the clinical outcome
and on several radiologic parameters such as the
leg length, total offset and center of rotation in short
stem THA.

MATERIAL AND METHODS

The current study was approved by our in-
stitution’s Internal Review Board and the ethical
committee (Freiburg Ethics Commission Inter-
national (feki), Germany, 010/2071). Each patient
provided written informed consent before par-
ticipation. This prospective, multicenter study
was conducted in two Swiss and three German
hospitals. From 12/2010 until 04/2012, all the
patients presented in the clinic with symptomatic
hip osteoarthritis waiting for a hip arthroplasty were
considered as potential candidates for the study.
From all included patients in the multicenter study,
a subset of consecutive patients was selected to
further analyze the X-rays.

The inclusion criteria were adult patients, between
18 and 85 years, who received a primary, unilateral
THA and had no arthritis in the contralateral hip
(Kellgren and Lawrence (75): 0-1). Exclusion
criteria were : patients older than 85 years, patients
undergoing revision surgery, ASA score (American
Society of Anesthesiologists) higher than 3,
osteoarthritis of the contralateral hip (Kellgren and
Lawrence > 2) and patient conditions that did not
allow for implantation of an uncemented short-stem
femoral component, such as severe osteoporosis.

All cases were performed via a standardized
minimally invasive direct anterior or anterolateral
approach in a supine position under spinal or
general anesthesia. The procedure was performed or
supervised by experienced arthroplasty surgeons of
each institution (>100 THA/yearly). The implants
used in the current study included a cementless
acetabular component (RM Pressfit vitamys,
Mathys, Switzerland) and a cementless short femoral
stem (optimys, Mathys, Bettlach, Switzerland).
The optimys femoral stem is a meta-diaphyseal
anchoring, partially femoral neck preserving, calcar
guided, short-stem prosthesis, which allows good
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Figure 1. — Radiologic parameters measured on a standardized
anteroposterior radiograph of the pelvis. The contralateral
native hip was used as reference. The center of rotation is
marked with a red circle. The anatomical axis of the femur is
shown with a dotted black line. The more distal edge of the
teardrops and the more proximal points of the lesser trochanter
are connected with black lines (inter-teardrop and inter-
trochanter lines, respectively). The leg length was defined as
the distance between the inter-teardrop and inter-trochanter line
(green arrow). The femoral offset is shown with a light blue
arrow as the distance between the long axis of the femur and
the center of the femoral head, whereas the acetabular offset
with a purple arrow as the distance between the true floor of
the acetabulum and the center of the femoral head. The vertical
center of rotation is shown with a blue arrow as the distance
between the inter-teardrop line and the center of the femoral
head.

bone contact at the distal lateral and the proximal
medial cortex with intact greater trochanter region.
Additionally, its triple conical shape and the coating
allows an good primary and secondary stability
(Figure 1).

The patients were followed-up clinically and
radiographically at 3, 6, 12, 24 and 60 months
postoperatively. The clinical examination, visual
analog scale (VAS) for pain at rest and pain under
load and satisfaction, as well as the Harris hip score
(HHS) was performed in a standardized matter. The
patient satisfaction was assessed on a scale of 0 to
10. HHS was defined as followed : excellent HHS :
90 to 100, good HHS : 80 to 89 and fair HHS : 70
to 79.

For the pre- and postoperative radiographs, a
standardized protocol have been applied by holding
the lower limbs together in a positioning splint with
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20° internal rotation, and the anterior superior iliac
spine parallel to each other and the X-ray table. A
standard AP pelvis and lateral radiograph of the hip
were obtained at all follow-ups. The measurement
of the radiological parameters was performed at
the first follow-up. The contralateral native hip was
used as reference. The femoral head (28mm, 32mm
or 36mm) was used for calibration of the X-rays.
Radiographs of each visit were then compared to
the initial postoperative radiograph to evaluate for
component loosening.

The total offset (TO) was defined as the perpen-
dicular distance between the true floor of the
acetabulum and the long axis of the femur. The
femoral offset (FO) was defined as the distance
between the long axis of the femur and the center
of the femoral head (light blue arrow ; figure 1).
The acetabular offset (AO) was defined as the
distance between the true floor of the acetabulum
and the center of the femoral head (purple arrow ;
Figure 1). Leg-length (LL) was defined as the
distance between the lines that connect the lowest
edge the teardrops (inter-teardrop line) and the
most proximal part of the lesser trochanter (inter-
trochanter line) (green arrow ; Figure 1. The vertical
center of rotation (VCOR) was defined as the vertical
distance between the inter-teardrop line and center
of the femoral head (dark blue arrow ; Figure 1). A
negative difference between THA and contralateral
native hip for the AO indicated that the acetabular
cup was implanted more medial.

The postoperative X-rays were evaluated using
the mediCAD Classic software (Version 2.50 ;
Hectec GmbH, Landshut, Germany). Intra-observer
and inter-observer reliabilities of the measurements
were evaluated with two observers using Pearson
correlation.

A power analysis was performed to estimate the
required total sample size as a function of power
1-B with medium effect size and o =0.05, to detect a
difference in LL, FO, AO, and vCOR using SCOPE
(Vs. 2.0.2015, numerics data GmbH, Zurich, Swit-
zerland). Descriptive statistics used median and
range to present the data. The Wilcoxon signed-
rank test was applied. Univariate logistic regression
was used to determine radiological factors which
correlate to clinical outcome as such as rest pain,
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load pain, unsatisfied patients, HHS or limping (out
of HHS). All statistical analyses were performed
using SAS 9.2 (SAS Institute Inc., Cary, North
Carolina, USA).

RESULTS

According to the power analysis, a total of 106
patients were necessary to achieve a statistical
power of 80%. The intra- and interobserver Pearson
correlation coefficient ranged from 0.90 to 0.94, and
0.54 to 0.89, respectively.

A total of 114 consecutive patients (Male : 61,
Female : 53) with an median age of 66.7 years
(range : 43 to 85 years) met the inclusion criteria
of the current study (table 1). Indication for surgery
was in 103 cases (90%) osteoarthritis, in 5 cases
(4%) avascular necrosis, in 4 cases (4%) congenital
dysplasia and in 2 cases (2%) inflammatory arthritis
(table 1). A minimally invasive anterior and

Table 1. — Patient characteristics, surgical approach, and
diagnosis. The values were given in median and range. OA:
Osteoarthritis, BMI: (Body mass index)

Patient demographics Patients (n=114)
Age (Years) 66.7 (43.3, 85)
Gender

Male (n) 53 (47%)

Female (n) 61 (53%)
Follow up (months) 57 (22, 86)
Surgical Approach

Anterior (n) 72 (63%)

Anterolateral (n) 42 (37%)
Diagnosis

Primary OA (n) 96 (84%)

Secondary OA (n) 7 (6%)

Osteonecrosis (n) 5 (4%)

Congenital dysplasia (n) 4 (4%)

Inflammatory arthritis (n) 2 (2%)

anterolateral approach was performed in 72 (63%)
and 42 (37%) cases, respectively. No patient was
lost during the 5-years follow-up.

The average HHS improved significantly from
52 points (range, 11 to 84 points) preoperative to
100 points (range : 74 to 100 points ; p < 0.05) at
the last follow-up, on average 5 years following
THA (range : 22.0-86.0 months) (Table 2). At that
time, 95.6 % of the patients showed excellent, 2.6
% good, and 1.8 % fair functional outcomes. The
average pain at rest decreased from an average of
4 points (range : 0 to 10 points) preoperatively to
0 points postoperatively (range : 0 to 3 points ; p
< 0.05), with 95.6 % of all patients having no pain
at rest (Table 2). The loading pain improved from
7 points (range : 1 to 10 points) preoperatively to
0 points postoperatively (range : 0 to 4 points ; p
< 0.05), with 84.2 % of all patients had no loading
pain. The patient satisfaction improved significantly
from an average of 3 points (range : 0 to 9 points)
preoperatively to an average of 10 points (range : 7
to 10 points ; p< 0.05) postoperatively, with 83.3 %
of all patients been extremely satisfied (satisfaction :
10/10) (Table 2).

At the first radiologic evaluation, the FO
increased significantly at an average of 5 mm
(range : -12 to 23 mm, p<0.05) in THA, compared
to the contralateral native hip, with an average FO in
THA and contralateral native hip of 44 mm (range :
25 to 69 mm) and 39 mm (range : 17 to 56 mm),
respectively. The AO on the other hand decreased
significantly at an average of -4 mm (range :
-14 to -2 mm, p<0.05) in THA, compared to the
contralateral native hip, resulting in medialization
of the COR, with an average AO in THA and
contralateral native hip of 29 mm (range, 21 to 39
mm) and 33 (range : 23 to 44 mm), respectively.
As a result, no significant difference was observed

Table 2. — Clinical outcomes preoperatively and at the 5-years follow-up. The functional outcomes at 5-years follow-up were also
presented according to the surgical approach. *Indicates statistically significant difference. Data reported as median (range)

Parameter Preoperative | Postoperative | p-value | Anterior Approach Anterolateral p-value
postoperative Approach postoperative

Harris Hip Score | 51.5 (11, 84) 100 (74, 100) <.05* 100 (78, 100) 98 (74, 100) <.05*

Rest pain 4 (0, 10) 0(0,3) <.05* 0(0,2) 0(0,3) >.05

Loading pain 7 (1, 10) 0 (0, 6) <.05* 0(0,3) 0(0,4) >.05

Satisfaction 3(0,9) 10 (7,10) <.05* 10 (9,10) 10 (7,10) >.05
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Table 3. — Radiological parameters as measured at the first follow-up. *Indicates statistically significant difference.
A negative difference between THA and contralateral native hip for the acetabular offset indicated that the acetabular cup was
implanted more medial. Median (Range)

Parameter THA Native p-value Anterior Anterolateral p-value
contralateral hip Approach Approach
Difference between THA and native contralateral hip

Leg length (mm) 36.5 (22, 56) 36 (22,51) <.05* 0(-17,11) 4 (-8, 16) <.05*
Femoral offset (mm) 44 (25, 69) 39 (17, 56) <.05* 3(-12,14) 10 (-3, 23) <.05*
Acetabular Offset (mm) 29 (21,39) 33 (23, 44) <.05* -4 (-12,-4) -4.5 (-14, -5) >.05
Total Offset (mm) 73 (55, 98) 71 (53, 95) >.05 -1,5 (-15, 11) 5.5(-11,22) <.05*
Vertical center of 16 (4, 30) 12 (2,22) <.05* 3(-7,20) 5(-6, 15) >.05
rotation (mm)

between THA and contralateral native hip regarding
TO (1 mm increase, p>0.05), with an average TO
of the THA and contralateral native hip of 72 mm
(range : 55 to 98 mm) and 71 mm (range : 53 to 95
mm), respectively (Table 3).

The LL increased significantly at an average of
2 mm (range : -17 to 16 mm ; p< 0.05) in THA,
compared to the contralateral native hip, with an
average LL in THA and contralateral native hip of
38 mm (range, 22 to 56 mm) and 36 mm (range :
22 to 51 mm), respectively. Of the radiological
parameters examined in the present study, the only
significant correlation was between LL and loading
pain. Specifically, the absolute LL difference was
positively correlated with loading pain (p<0.05)

The vCOR increased significantly at an average
of 4 mm (range : 2 to 22 mm, p<0.05) in THA,
compared to the contralateral native hip, with an
average vCOR in THA and contralateral native hip
of 16 mm (range : 4 to 10 mm) and 12 mm (range :
2 to 22 mm), respectively.

At the last follow-up, patients treated through
a minimally invasive direct anterior approach had
an average HHS of 100 points (range : 78 to 100
points), rest pain of 0 points (range : 0 to 2 points),
loading pain of 0 points (range : 0 to 4 points)
and patient satisfaction of 10 points (range : 9 to
10 points). In comparison, patients treated with a
minimally invasive anterolateral approach, reported
an average HHS of 98 points (range : 74 to 100
points) ; p < 0.05), rest pain of 0 points (range : 0
to 3 points) ; p < 0.05), loading pain of 0 points
(range : 0 to 5 points) ; p < 0.05) and an average
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patient satisfaction of 10 points (range : 7 to 10, p <
0.05) (Table 2).

In patients treated with the direct anterior
approach and anterolateral approach, the average
LL difference between THA and contralateral native
hip was 0 mm (range : -17 to 11 mm. p>0.05) and
4 mm (range : -8 to 16mm, p < 0.05), respectively
(Table 3). The TO decreased by an average of 1.5
mm (range : -15 to 11 mm, p<0.05) in the direct
anterior approach group, whereas it increased by
an average of 5.5 mm (range : -11 to 22 mm, p <
0.05) in the anterolateral approach group, compared
to the contralateral native hip. The FO increased by
an average of 3 mm (range : -12 to 14 mm, p<0.05)
in the direct anterior approach group, whereas it
increased by an average of 10 mm (range : -3 to 23
mm, p < 0.05) in the anterolateral approach group,
compared to the contralateral native hip. Finally, the
vCOR increased by an average of 3 mm (range : -7
to 20 mm) and 5 mm (range : -6 to 15 mm), with
the anterior and anterolateral approach, respectively
(p>0.05) compared to the contralateral native hip.

DISCUSSION

The surgical goal of total hip arthroplasty (THA)
is to restore the native hip anatomy, especially the
total offset (TO), leg length (LL), and center of
rotation (COR). Although several studies examined,
whether conventional stem with diaphyseal
anchoring could reconstruct hip anatomy (8,24),
relatively few data are available regarding the
postoperative results of a calcar guided short
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femoral stem, implanted through a minimally
invasive approach regarding native hip anatomy
restoration. Therefore, the aim of the present study
was to investigate whether a calcar guided short
femoral stem in combination with a monoblock cup,
implanted through a minimally invasive approach
could restore TO as well as LL, and provide satis-
factory clinical outcomes at 5-years follow-up.
The HHS improved significantly at an average of
46 points following the short-stem THA. The rest
pain and loading pain decreased significantly from
an average VAS of 4 and 7 points preoperative to
VAS 0 and 0 points postoperative, respectively.
The patient satisfaction improved significantly
from an average of 3 points preoperatively to an
average of 10 points postoperatively. Compared to
the contralateral native hip the femoral offset (FO)
increased at an average of Smm, the acetabular offset
(AO) decreased at an average of 4 mm, resulting in
only 1 mm increase of the TO. The LL increased by
an average of 2 mm compared to the contralateral
native hip. The results of the present study might
suggest that short-stem THA implanted through a
minimally invasive approach could restore native
hip anatomy in terms of TO as well as LL and
provide excellent functional outcomes and patient
satisfaction 5-years following THA.

To the current date, relatively few studies investi-
gated the clinical outcomes following the short
femoral stem THA, implanted through a minimally
invasive approach. Specifically, Kutzner et al. (18)
using the same short stem design, implanted using the
standard anterolateral approach reported an increase
of the HHS from 45.8 points preoperatively to 98.1
points, at 2-years postoperatively. The average
satisfaction at 2 years following THA was 9.7/10.
Regarding other short stem designs, a recent meta-
analysis (74) reported similar functional outcomes in
patients who underwent a THA with a short-stem
and conventional stem design, but with significantly
higher reported thigh pain in conventional stem
THA (RR :0.15, P<0.05). In accordance with the
literature, we reported excellent functional outcomes
with 46 points average increase in HHS, no rest and
loading pain, and an excellent patient satisfaction
on average 5-year following the implantation of a

calcar guided, short-stem THA, using a minimally
invasive approach.

The calcar guided short femoral stem could
reproduce hip anatomy in terms of total offset and
leg-length in the majority of the patients. Kutzner et
al. (19) using the same short femoral stem reported
an average increase of 2 mm in total offset following
THA compared to the preoperative osteoarthritic
hip. The average leg-length discrepancy was 2.9
mm in the same study, with 18.3% discrepancies
of more than 1 cm. Similarly, in the present study,
we found no significant difference in TO between
the calcar guided short-stem THA and contralateral
native hip. The LL discrepancy increased at an
average of 2 mm in our study with 11% showing
a discrepancy of more than 1 cm. In the literature
the average LL and FO difference and between right
and left hip joints in healthy subjects was 2.5 mm
(range : 0.2 to 10.3 mm) and 2.9 mm (range : 0 to
8.5 mm), respectively, with no clinical relevance in
the majority of the cases (6).

Another important point is that although the AO
decreased at an average of 4 mm in THA, resulting
in medialization of the COR, the calcar guided short
femoral stem could compensate with an increase in
femoral offset. As a result, no significant difference
was observed in TO between the THA and contra-
lateral native hip. A medialization of the COR is
typical using cementless acetabular component
implanted with the press-fit principle (4), as it
requires a sufficient cavity of the acetabulum to
achieve a stable situation. Therefore, the femoral
stem should compensate the loss of acetabular
offset by increasing the femoral offset, in order to
prevent a loss of total offset loss. In a recent study
of 197 THA implanted using Metha (B.Braun
Melsungen) and Mayo (Zimmer) short-stems with
cementless press-fit cups, Hohle et al. (13), reported
an average reduction of the acetabular offset by 4.9
mm. However, the examined short-stems could not
compensate for the loss of acetabular offset and
showed an addition average loss of 0.7 mm in FO
with a TO loss of 5.6 mm.

The minimally invasive anterior approach could
better reconstruct hip anatomy regarding TO, LL
and vCOR compared to the anterolateral approach,
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but both techniques showed excellent clinical
outcomes 5-years postoperative. Patients who
were treated through a direct anterior approach
have slightly better clinical outcome values (HHS :
anterior 98 vs. anterolateral 95). However the
average HHS values were excellent for both groups
and a clinical relevance of the observed difference
is somewhat doubtful. This is also supported by the
literature, as a recent meta-analysis (21) reported no
difference in long-term outcomes of the anterior
approach compared to other approaches. Regarding
radiological parameters Bernasek et al. (3) compared
the femoral stem alignment in 92 THA, performed
through a minimally invasive anterolateral and
lateral approach and reported an 18% and 0%
varus stem implantation, respectively. Furthermore,
the leg length discrepancy was 19% and 7% in
a minimally invasive anterolateral and lateral
approach, respectively. In our study, a significant
difference was observed between the anterior and
anterolateral approach regarding LL discrepancy
and TO, between THA and native contralateral
hips. In minimally invasive anterior approach, no
LL discrepancy was observed, and the average TO
decreased by 1.5 cm in THA, whereas in minimally
invasive anterolateral approached an average LL
increase of 4 mm, and 5.5 mm increase in TO was
observed in the THA compared to the contralateral
native hip. These data might suggest that the
discrepancies in TO and LL should be considered
during the minimally invasive anterolateral
approach to prevent a malalignment of the femoral
component and leg length discrepancy.

The present study should be interpreted in light
of its potential limitations. The main drawback
is the absence of another short-stem design or
conventional stem as a control group. However,
the purpose of this study was to report the midterm
clinical outcomes and examine the reproducibility
of hip anatomy using a calcar guided short femoral
stem. Since there is no gold standard, short or
conventional femoral stem used in THA, the
comparison should have given the potential benefits
or disadvantages of the calcar guided stem over
the controlled stem design and the findings would
not have been applicable in other stem designs.
Furthermore, in the present study were included
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patients treated with a minimally invasive anterior
or anterolateral approach. Therefore our results
might not reflect stem alignment of patients treated
with a different surgical technique. The current
study investigated only the optimys short femoral
stem. Although this design is similar to other short
stem implants available, our findings might not
apply to other stem designs.

In conclusion, a calcar guided short femoral stem,
implanted through a minimally invasive approach
could restore native hip anatomy in terms of TO
as well as LL, and provide excellent functional
outcomes and patient satisfaction 5-years following
THA. Surgeons performing THA with minimally
invasive anterolateral approach should be aware
of the discrepancies in TO and LL to prevent a
malalignment of the femoral component.
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