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Abstract
Background: Minimal invasive surgery (MIS) has gained growing popularity in total hip arthroplasty (THA) but
concerns exist regarding component malpositioning. The aim of the present study was to evaluate femoral and
acetabular component positioning in primary cementless THA comparing a lateral to a MIS anterolateral
approach.
Methods: We evaluated 6 week postoperative radiographs of 52 hips with a minimal invasive anterolateral
approach compared to 54 hips with a standard lateral approach. All hips had received the same type of implant for
primary cementless unilateral THA and had a healthy hip contralaterally.
Results: Hip offset was equally restored comparing both approaches. No influence of the approach was observed
with regard to reconstruction of acetabular offset, femoral offset, vertical placement of the center of rotation, stem
alignment and leg length discrepancy. However, with the MIS approach, a significantly higher percentage of cups
(38.5 %) was malpositioned compared to the standard approach (16.7 %) (p = 0.022).
Conclusions: The MIS anterolateral approach allows for comparable reconstruction of stem position, offset and
center of rotation compared to the lateral approach. However, surgeons must be aware of a higher risk of cup
malpositioning for inclination and anteversion using the MIS anterolateral approach.
Keywords: Minimal invasive approach, Anterolateral approach, Lateral approach, Implant positioning, Hip
replacement, Hip arthroplasty

Background
In the last decade, minimal invasive approaches in primary total hip arthroplasty (THA) have gained growing
popularity, providing potential advantages compared to
standard approaches such as reduced blood loss, and
faster patient recovery [1, 2] as a result of preserved
muscle integrity [2]. Reported short-term results have
demonstrated good clinical outcomes for minimal invasive approaches (MIS) comparable to standard approaches [3, 4]. However, concerns exist regarding
limited surgical exposure of the hip, potentially compromising component fixation and positioning which
may have adverse effects on prosthesis longevity [5]. Unequivocal radiological data have been reported for cup
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inclination and anteversion, identifying minimal invasive
approaches as a potential risk factor for cup malpositioning [6–9]. Considering the reconstruction of leg
length and femoral offset, comparable results have been
reported for minimal invasive and standard approaches
[6, 7]. However these studies have only compared the
mini incision posterior to a standard posterior or posterolateral approach, without reporting on results for
femoral and acetabular offset reconstruction separately
[6, 7]. To our best knowledge, there are no studies available focusing on the aspect of cup positioning and concomitant reconstruction of offset and leg length using a
minimal invasive anterolateral approach.
Therefore, the aim of the present study was to evaluate
femoral and acetabular component positioning in primary cementless THA comparing a lateral to a MIS anterolateral approach.
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Methods
Study cohort

The present retrospective radiological comparative study
included 106 patients, who had undergone 106 consecutive unilateral primary THAs with the same cementless
implant components at our institution between January
2004 and December 2007. Patients were followed prospectively with our institutional database and were retrospectively identified for inclusion into the study cohort.
Dependent on the surgical approach, patients were
assigned either to group A (minimal invasive anterolateral approach [2]) or group B (standard lateral transgluteal approach according to Bauer [10]). Exclusion
criteria were defined as bilateral hip disease (Kellgren
Lawrence > grade 1) [11], a history of hip surgery prior
to THA, previous trauma, metabolic disease and missing
pre- or postoperative radiographs. Diagnoses for inclusion were primary osteoarthritis, avascular necrosis of
the femoral head or mild dysplasia of the hip (Crowe I)
[12]. In total, 52 consecutive patients could be allocated
to group A and 54 patients to group B. To evaluate the
potential learning curve aspect for cup positioning with
the MIS approach, group A was divided into two subgroups. The subgroup A1 comprised the first 26 procedures and subgroup A2 the second 26 procedures.
Demographic data is given in Table 1.
Radiographic measurements were performed on preand 6 week postoperative low centered anteroposterior
(AP) radiographs of the pelvis in both groups. Preoperative body mass index (BMI), Harris Hip score (HHS)
[13] and patient activity according to Devane et al. [14]
were available for all patients. The study was approved
by the institutional review board of the University of
Heidelberg (reference 346/2004) and informed consent
was obtained from all patients prior to inclusion.
Surgical procedure and implants

The procedures were performed by 3 senior surgeons in
a university hospital setting. The anterolateral approach,
according to Bertin and Rottinger [2], was performed
with the patient in the lateral position. The standard lateral transgluteal approach, according to Bauer [10], was
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performed with the patient in the supine position. The
standardized peri- and postoperative protocol was identical in both groups, including single-shot antibiotics
(Cefuroxime 1,5 g i.v. perioperatively), weight-bearing as
tolerated, diclofenac 75 mg daily for the prevention of
heterotopic ossification for four weeks and lowmolecular weight heparin for six weeks postoperatively
as prophylaxis for deep vein thrombosis.
As implants, a cementless tapered titanium straight
stem (CLS Spotorno, Zimmer Inc., Warsaw, USA) and a
cementless titanium press-fit cup with or without screws
(Allofit®/-S, Zimmer Inc., Warsaw, USA) was used in all
patients. Femoral implants were available with 3 different neck-shaft angles of 125, 135 and 145 °. In both
groups, surgeons aimed for secure press-fit fixation,
equal leg length, reconstruction of the preoperative hip
offset, neutral stem alignment, cup inclination between
30–50° and cup anteversion between 10–30°. Preoperative planning of the prosthesis size and position was performed on radiographic ap pelvis templates in all cases.
Radiographic evaluation

Radiographic measurement was performed on digital
low-centered AP radiographs of the pelvis [15], by two
reviewers (M.M.I., C.M), who were not involved in index
surgery. Radiographs were taken with the patient in the
supine position and with both legs in 15° internal rotation. The central beam was directed on the symphysis
pubis. Correction of magnification of pre-and postoperative radiographs and radiographic measurements were
performed according to Dastane et al. [15]. The hip center of rotation (COR) was defined using a circle tool determining the diameter of the femoral head and its
center [16]. The femoral offset (FO) was determined as
the perpendicular distance between the COR and the
proximal femoral shaft axis (FSA) [15, 16]. Acetabular
offset (AO) was measured as the perpendicular distance
between the COR and line T, with T being the perpendicular line on the transteardrop line (TT) through the
ipsilateral teardrop figure [15]. Hip offset (HO) was calculated as the sum of FO and AO [15]. The vertical position of the COR was measured as the perpendicular

Table 1 Demographics
Variable

Group A (MIS)

Group B (standard)

P Value

Number of hips

52

54

-

Side (R:L)

30:22

29:25

0.700

Gender (F:M)

32:20

27:27

0.248

Age (years)a

64.3 ± 9.9 (35–81)

66.3 ± 12.4 (19–83)

0.783

Body mass index (kg/m2) at surgerya

25.4 ± 2.6 (18.1-31.0)

26.1 ± 3.7 (18.1-34.2)

0.166

Harris Hip Score at surgerya

48 ± 15 (22–90)

54 ± 18 (15–90)

0.088

Devane activity score at surgerya

3.1 ± 0.6 (2–4)

2.8 ± 0.6 (2–4)

0.027

a

Values are expressed as mean ± standard deviation and range in parentheses
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distance to line TT. Stem alignment was measured as
the difference in degrees between anatomic femoral shaft
and vertical stem axis [17]. Cup inclination was defined
as the angle between the TT line and the line connecting
the most superior and inferior aspect of the cup. Cup
anteversion was measured and calculated according to
the formula by Lewinnek et al. [18], as recently validated
by computer tomography based data [19]. Radiographic
leg length (LL) was measured as the perpendicular distance between line TT and the apex of the lesser trochanter. Preoperative measurements of all parameters
were conducted bilaterally, as all patients had an arthritic and a healthy hip contralaterally before THA. Six
weeks postoperatively, radiographic measurements were
performed bilaterally again according to the same
method. Roman software V1.70 (Institute of Orthopedics, Oswestry, UK) and ImageJ software V1.44 (National
Institute of Health, USA) were used for radiographic
analysis. Intra- and interobserver reliabilities were calculated for 15 randomly selected data sets of each group,
using average-measure intra-class-correlation coefficients (ICC) with a two-way random effects model for
absolute agreement. Repeated measurements for intraobserver reliability were performed at day 1 and day 7 in
a blinded fashion.
Statistical analysis

After exploratory data analysis, a Kolmogorov-Smirnov
test was performed, testing the variables for normal distribution. As not all variables met the criteria for a
normal distribution, non-parametric test were used.
Continuous variables between groups were compared
using the Mann-Whitney-U test and dichotomous variables were compared using a chi-square test. We considered p-values of <0.05 to be statistically significant.
Graphpad Prism software V5.01 (Graphpad Software, La
Jolla, California) was used to record and analyze the
data.

Results
Intra- and interobserver ICCs for the performed measurements ranged from 0.79 – 0.98. Demographic data
and preoperative radiological differences in HO, AO, FO
and LL with regard to the contralateral healthy hip were
comparable between groups A and B (Tables 1 and 2).
Postoperatively, both approaches allowed for accurate
reconstruction of HO compared to the healthy contralateral hip (Group A: p = 0.697, Group B: p = 0.127). In
both groups AO decreased, corresponding to a medialization of the COR by 3.5 mm for the MIS (p < 0.001)
and 4.8 mm for the lateral approach (p < 0.001). In contrast, FO increased by 2.7 mm (p = 0.027) and 2.9 mm
(p = 0.010), respectively (Fig. 1). The COR was placed superiorly by 5.1 mm in group A (p < 0.001) and 5.3 mm
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Table 2 Preoperative radiographic measurements
p Value

Preoperative discrepancy
between arthritic and
healthy hip

Group A
(MIS)

Group B
(standard)

Hip offset (mm)

0.6 ± 4.2

0.3 ± 4.1

0.716

Acetabular offset (mm)

2.5 ± 3.2

2.0 ± 2.7

0.444

Femoral offset (mm)

−1.9 ± 4.1

−1.7 ± 3.5

0.892

Leg length difference (mm) −1.3 ± 4.0

−2.9 ± 5.7

0.088

All values are expressed as mean ± standard deviation

in group B (p < 0.001) (Fig. 2). Mean radiographic leg
length of the operated limb was increased in both
groups without significant difference between both approaches (Group A: 3.0 mm, Group B: 3.5 mm, p =
0.354). Mean varus/valgus malalignment of the stem was
less than 1° varus and less than 3° valgus in all cases.
Stem alignment did not show a significant difference between group A and B (p = 0.101). Group A demonstrated
a significantly higher percentage of cups outside the target zone for both version and inclination with 38.5 %
(anterolateral MIS approach) compared to 16.7 % (lateral
approach) (p = 0.022) (Fig. 3). In detail 46 (89 %) cups
were located in the target zone for cup inclination in
group A and 52 (96 %) hips in group B, respectively. For
cup anteversion, 37 (71 %) hips were located in the target zone in group A and 46 (85 %) hips in group B, respectively. No learning curve aspect could be detected
for cup positioning in our study cohort between subgroup A1 and A2 (p = 0.569). Postoperative radiographic
measurements are presented in Table 3.

Fig. 1 Box plot for postoperative offset difference between healthy
and operated hip for MIS anterolateral (white) and standard lateral
approach (grey). The box represents the median and interquartile
range (IQR), whiskers represent range within 1.5×IQR, dots
represent outliers.
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Table 3 Postoperative radiographic measurements
Variable

Group A (MIS)
THA

69.6 ± 7.0 70.5 ± 8.2

69.1 ± 5.6 70.9 ± 7.6

p Value

0.697

0.127

Fig. 3 Scatter plot for postoperative cup inclination and anteversion
for MIS anterolateral (black) and standard lateral approach (grey)

28.7 ± 3.4 33.4 ± 3.8

p Value

<0.001

<0.001

Femoral offset (mm)

40.2 ± 6.1 37.5 ± 6.0

40.4 ± 4.4 37.5 ± 6.1

p Value

0.027

0.010

Superior placement
of the COR (mm)

17.9 ± 3.8 12.8 ± 2.9

18.0 ± 3.4 12.7 ± 3.1

p Value

<0.001

<0.001

Leg length
differencea (mm)

3.0 ± 4.8

3.5 ± 4.6

p Value

Discussion
The potential advantages of minimally invasive approaches for THA have been attributed to reduced
soft-tissue trauma with reported benefits such as reduced blood loss, less postoperative pain, shorter
hospitalization time, faster postoperative recovery and
better cosmetic results [1, 7, 20]. However concerns have
been raised regarding reduced surgical exposure, potentially increasing the risk for neurovascular injury, implant
malpositioning, and poor implant fixation [8, 9, 20].
Contradictory results have been reported for cup orientation in dependency of the used surgical approach [4, 8, 9].
To our knowledge, no study is available comparing the
MIS anterolateral and the standard lateral approach
for offset and leg length reconstruction as well as cup
orientation.
The importance of optimal reconstruction of offset
and COR is well illustrated in the literature, as it is

Healthy hip

Hip offset (mm)

Acetabular offset (mm) 29.4 ± 2.8 32.9 ± 4.0

Fig. 2 Scatter plot for postoperative position of the COR compared
to the contralateral healthy hip for MIS anterolateral (black) and
standard lateral approach (grey)

Group B (standard)

Healthy hip THA

Stem alignment
(varus/valgus) (°)

0.354
0.8 ± 1.0

p Value
Cup inclination (°)

0.101
42.9 ± 5.4

p Value
Cup anteversion (°)
p Value

0.5 ± 1.0

35.9 ± 4.3
<0.001

22.0 ± 8.8

18.1 ± 6.2
0.014

All values are expressed as mean ± standard deviation; abetween healthy and
operated hip

associated with postoperative abductor strength, range
of motion and longevity of the implant [15, 21, 22]. Failures in offset reconstruction may result in complications
like limp, pain, fatigue, impingement, dislocation and increased joint reaction forces with higher PE wear [21–26].
Therefore our study sought to evaluate the influence of a
MIS anterolateral approach on the reconstruction of the
(1) offset, (2) leg length, (3) postoperative position of the
center of rotation and (4) cup orientation, compared to a
standard lateral approach.
Our finding of comparable restoration hip offset independent of the used approach has not been previously
reported. Only Dastane et al. [15] reported a slight postoperative increase of 1.4 mm for hip offset for the miniposterior approach. In our study, the observed medialization of the COR by 3.5 and 4.8 mm due to acetabular
reaming and press-fit fixation could be balanced by a
corresponding increase in femoral offset of 2.7 and
2.9 mm, independent of approach. This finding corresponds well to studies of Dorr et al. [7] and Kim et al.
[6] reporting an increase in femoral offset of 1.3 to
4.0 mm. Restoration of femoral offset within 5 mm has
been associated with a reduction in UHMWPE polyethylene wear, while reduced or enlarged FO of more
than 5 mm has been associated with increased PE wear
[23, 26]. Adequate restoration of FO and cup position
has further been associated with a reduced occurrence
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of both bony and component femoroacetabular impingement [27, 28]. Therefore, our results for mean femoral
offset increase are in the presumably acceptable zone,
ranging from 0 to 5 mm for both approaches. The
amount of medialization of the COR during acetabular
reconstruction has been described before and is consistent with our findings [29, 30]. In the literature, the effect
of positioning the COR more medial is controversially
discussed. For cemented cups, excessive superior and
lateral cup positioning has been demonstrated to have
adverse effects [31], as well as superior and medial positioning [32, 33]. However, for uncemented cups no negative effect has been reported for medial positioning of
the COR within 5 mm while restoring hip offset [15, 30].
Asayama et al. [21] attributed superior placement of the
COR to decreased abductor strength, independent of the
used anterolateral or posterior approach. According to
these findings, we could demonstrate that the surgical
approach did not have an effect on vertical placement
of the COR. However, with both approaches the COR
was placed superiorly by 5.1 and 5.3 mm in the present
cohort. Limited superior placement of the cup may potentially alter the biomechanics of the hip joint. In contrast to excessive (>15 mm) superior cup placement in
developmental dysplasia of hip [31], no adverse clinical
effects concerning implant survival or postoperative
abductor function for limited superior cup placement
(≤5 mm) have yet been demonstrated in the literature.
Furthermore the present study could demonstrate that
leg length reconstruction was independent of the surgical approach. With both approaches, radiographic
leg length was increased slightly by 3.0 and 3.5 mm,
being within the radiographic discrepancy of less than
6 mm [15].
A significantly higher cup inclination and anteversion could be demonstrated for the MIS anterolateral
approach compared to the standard lateral approach.
Although mean values were in the target zone of 30–50°
for inclination and 10–30° for anteversion [8, 18], the Chi
square test demonstrated a significantly higher percentage of cups outside the target zone for the MIS
approach. Our finding is supported by the findings
of Callanan et al. [8] and Hailer et al. [9], identifying
MIS approaches (anterolateral, two-incision, lateral
and posterior) as risk factors for cup malpositioning
and dislocation in large patient series. Our rate of
outliers for cup positioning with the standard lateral
approach (12.9 %) compares well to the rate of 12 %,
reported for a consecutive series of 1549 hips [34].
In the present cohort, the rate of outliers (38.5 %)
with the MIS approach was significantly higher and
compared favorably to the rate of 50 % as reported
by Malchau et al. [8]. No learning curve aspect could
be detected for cup positioning in the present
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cohort. The last finding should be interpreted carefully, since the number of hips was small in both subgroups, as a result of the strict inclusion criteria. The
presented data does further not allow evaluation of surgeon specific learning curves. Interpreting our current results, we believe that accurate cup positioning is still a
critical issue in THA. This assumption was recently confirmed by a clinical study of Grammatopoulos et al. [35],
indicating that optimal orientation of the cup improves
the functional outcome (inclination/anteversion zone of
45°/25° ± 5°). Similar target zones have been identified before in a mathematical models to maximize the range of
motion, minimize the risk for cup-neck impingement [36]
and minimize wear while maximizing component stability
[37]. This small size for the target zone gives reason for
concerns, since it cannot be consistently achieved with
current technology [35].
There are limitations of the current study that have to
be acknowledged. First, due to the retrospective cohort
design, patients were not prospectively randomized to a
MIS or standard approach, potentially including a selection bias in favor of one approach. However preoperative
clinical and radiographic data showed no difference for
patients groups, except for a slightly higher activity score
in the MIS group. Regarding the radiographic reconstruction of the hip, this potential bias is of limited relevance. Secondly, because of the comparative radiological
study design, no postoperative clinical or implant survival data have been obtained, and thus the present
study cannot provide any data neither on potential clinical benefits based on reduced soft tissue trauma nor on
the influence of component positioning on implant survival. Thirdly, we acknowledge the potential disadvantage of malpositioning the patient in the x-ray beam
with consecutive malrotation of the pelvis and femur,
potentially limiting the accuracy of the reported radiographic measurements [16]. We tried to minimize this
effect by using standardized radiographic techniques and
the contralateral healthy hip as control. Hence, the study
does not intend to emphasize absolute measurement
values. It rather tries to relate the changes in offset and
leg length compared to the healthy contralateral hip.
Fourthly, we could not provide any measurements on
stem anteversion. Therefore we could not address the
aspect of combined anteversion technique for cup and
stem placement [38]. We believe this technique is an essential part of component positioning and has to be addressed in further clinical studies. The strength of the
study results from the comparability of patient collectives in both groups, regarding preoperative demographic and radiographic data. Another strength of the
present study is represented by the good reproducibility
of the measured parameters as illustrated by intra- and
inter observer ICCs.
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Conclusion
Our study demonstrates comparable radiographic reconstruction for the anterolateral MIS and standard
lateral approach, regarding hip offset, placement of
the COR, stem alignment and leg length. However,
the MIS approach was associated with a significantly
higher percentage of hips outside the target zone for
both cup inclination and anteversion. Therefore, surgeons must be aware of a higher risk of cup malpositioning using the MIS anterolateral approach. Limited
medialization of the COR is inevitable to provide sufficient cup press fit and a concomitant increase in FO is
necessary to fully restore hip offset. Further studies are
needed to evaluate beneficial effects of MIS surgical approaches and concomitant component positioning on
postoperative function, component survival, and PE
wear.
Abbreviations
MIS: Minimal invasive surgery; THA: Total hip arthroplasty;
AP: Anteroposterior; BMI: Body mass index; HSS: Harris Hip score; COR: Center
of rotation; FO: Femoral offset; FSA: Femoral shaft axis; AO: Acetabular offset;
HO: Hip offset; TT: Transteardrop line; LL: Radiographic leg length;
ICC: Intra-class-correlation coefficients.
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