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Abstract

Purpose Short stems are increasingly used in in total hip arthroplasty (THA) because of advantages in bone and soft tissue
preservation and reconstruction of hip geometry. Short stems can be inserted in a more varus position compared to conven-
tional straight stems. This poses the risk of final varus misplacement of the femoral component, which is not intended in all
femoral short stems.

Methods We wanted to evaluate the effect of a high varus stem positioning in MIS THA on hip offset, leg length and femoral
canal fill index. A series of 1052 consecutive THAs with a singular cementless femoral short stem and press-fit cup was
retrospectively screened for inclusion. One hundred six patients with unilateral THA and a contralateral healthy hip met the
inclusion criteria. Measurements were carried out on preoperative and 3 months anterior—posterior postoperative radiographs.
Patients were divided into Group A (varus stem alignment <3°) and Group B (varus stem alignment > 3°).

Results Hip offset (HO) increased significantly in Group B by 4 mm (p=0.013). No influence on leg length difference was
detected in both groups. Preoperative CCD angle was significantly lower in Group B (p <0.001). Canal Fill Indices (CFI)
were significantly lower in Group B (CFI I: p <0.001; CFI II p =0.003; CF III p =0.002).

Conclusion High varus stem alignment > 3° leads to a statistically significant but minor increase in HO and poses the risk
of stem undersizing. A preoperatively low genuine CCD angle pose a risk for varus stem positioning.

Keywords Short stem - Total hip arthroplasty - Varus - Femoral offset - Hip offset - Leg length

Introduction

Usage of short-stem total hip arthroplasty (THA) systems
has rapidly increased within the last years because of dif-
ferent theoretical advantages [1-3]. According to the lit-
erature, short stems are superior in preservation of proxi-
mal bone stock compared to standard straight stems [4—6].
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Conventional stems with diaphyseal or metadiaphyseal
anchorage may lead to unwanted stress shielding, enlarge-
ment of the effective joint space, aseptic loosening and
potential bone loss, that may not retain enough intact bone
for revision surgery compared to short stems [7, 8].
Another advantage of femoral short stems is the superior
reconstruction of genuine hip geometry [1, 9]. Conventional
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straight stems show excellent long-term outcomes [10], but
have the disadvantage of limited ability to restore the femo-
ral offset (FO) due to their straight stem design [11]. Besides
leg length (LL), FO influences the postoperative outcome,
dislocation rate, wear and revision rate. Restoration of the
native FO increases postoperative range of motion, abduc-
tor muscle function and decreases polyethylene wear
[11-13]. Several studies even suggest a beneficial effect of
an increased FO on abductor muscle force and joint reac-
tion [14, 15]. Given these findings, the correct reconstruc-
tion of femoro-acetabular offset and LL has a high clinical
relevance.

Apart from bone preservation and superior reconstruc-
tion of hip geometry, femoral short stems can be more soft
tissue conserving, when minimally invasive approaches are
performed [2, 16, 17]. A short curved stem can be inserted
initially in a more varus position following a c-shaped path
[2]. However, the final position of a short stem depends on
its stem design, fixation and the level of osteotomy. The
variety of femoral short stems is very high and a uniform
classification is not available. Khanuja et al. [5] classified
femoral short stems according to the fixation principle. Jer-
osch et al. [18] classified femoral short stems according to
the level of femoral neck resection: femoral neck retaining
(NR), femoral neck sparing (NS), and femoral neck harm-
ing (NH) short stems. Compared to neck retaining or neck
sparing short stems, neck harming femoral short stems do
not retain the femoral neck and consequently do not rely
on the femoral neck in reconstruction of femoro-acetabular
offset. The reconstruction of femoral offset heavily depends
on the correct offset option of the used femoral short stem.
Therefore, the aim in neck harming short-stem arthroplasty
is an implantation oriented in line with the diaphysis [2].

Correct reconstruction of femoro-acetabular offset and leg
length are clinically important factors [1, 19, 20]. Apart from
medialization of the acetabular offset, increase of femoral
offset by varus placement of the femoral stem can potentially
influence the clinical and functional outcome after THA.
Therefore, the present study was conducted to examine the
influence on reconstruction of femoro-acetabular offset, leg
length difference and femoral canal fill of a neck-harming
femoral short stem in high varus position.

Methods
Study cohort

This retrospective radiological comparative study includes
patients of a consecutive series of THAs with the same
cementless curved short stem (Fitmore® stem, ZimmerBi-
omet, Warsaw, IN, USA) and bihemispherical press-fit ace-
tabular cup (Allofit®/-S, ZimmerBiomet, Warsaw, IN, USA)
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performed via a minimally invasive supine anterolateral
approach. A consecutive series of 1052 hips in 982 patients
with index surgery between 2014 and 2019 were screened
for inclusion and the medical records until 90 days postop-
erative were evaluated. Preoperative X-rays (both hips in
comparison, anterior—posterior view, standing upright) were
screened for unilateral THA. Exclusion criteria were defined
as a contralateral hip disease (Kellgren Lawrence > grade 1)
[21], a history of prior hip surgery, previous trauma, post-
operative complication, reoperation or revision for any rea-
son as well as missing pre- or postoperative radiographs.
Diagnoses for inclusion were primary osteoarthritis, avas-
cular necrosis of the femoral head or mild dysplasia of the
hip (Crowe I) [22]. In total, 106 patients met the inclusion
criteria. These patients were then divided into two groups
according to the postoperative stem alignment (see Fig. 1,
consort diagram). Stem alignment was measured as the dif-
ference in degrees between the anatomic femoral shaft and
the vertical stem axis [23]. Groups were divided into group
A with a stem alignment in line with the femoral shaft axis
or with a varus stem alignment of <3° and into group B with
a varus stem alignment of > 3°. In total, 44 patients could
be allocated to group A and 62 patients could be allocated
to group B. There is a high heterogeneity for cut-off values
for the definition of varus stem alignment used in the litera-
ture with studies defining varus stem alignment > 1° [24,
25],>3°[26] or>5° [27]. However, as the used curved short
stem in presented study often generally provokes a higher
varus stem alignment due to its c-shaped insertion while
broaching [2, 28], a higher value for diving the groups had to
be defined. A stem alignment > 1° was, therefore, considered
to be too low and a varus stem alignment > 5° was rare in the
study group. In order to reach comparable group sizes 3° of
varus stem alignment was chosen in this study. Radiographic
measurements were performed on pre- and 3 months postop-
erative low-centered anteroposterior (AP) radiographs of the
pelvis in both groups. Preoperative age at operation, gender,
body mass index (BMI) and laterality were recorded. The
patient demographics are shown in Table 1.

The study was approved by the institutional review board
(EK-No.: 1239/2019). Due to the retrospective study design
with evaluation of pre-existing medical records an informed
consent was not required. All procedures performed in stud-
ies involving human participants were in accordance with
the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Surgical technique and treatment protocol
Surgical procedures were carried out at the author’s institu-

tion by surgeons with different levels of experience includ-
ing 11 consultants and 7 residents. All consultants perform
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Assessed for eligibility (n=1052)

Excluded (n=946)

*  Not meeting inclusion criteria (n=946)

Included (n=106)

Allocated to Group A (n=44) [

Allocation

] Allocated to Group B (n=62)

» Stem alignment in line with femoral shaft
axis
* Stem alignment in varus position < 3°

Fig. 1 Consort diagram

Table 1 Patient demographics, (mean and SD) and testing

Variable Group A Group B p value
Number of Hips 44 62 -

Side (L:R) 20:24 29:33 1.000
Gender (F:M)  29:15 36:26 0.428
Age (years) 55.5+10.9 582+11.3 0.294

(32.6-717.1) (27-76.8)
BMI at surgery 28.3+6 (18.8-47.3) 27.1+4.1(17.9— 0.415
36.1)

SD standard deviation, F female, M male, L left, R right, BMI Body
Mass Index (kg/m?)

more than 50, all senior consultants more than 100 arthro-
plasties per year. Resident surgeries were done under the
guidance of a consultant. In all cases, a minimally invasive
anterolateral Watson-Jones approach in supine position on
a standard operating table under laminar air-flow was per-
formed. Extremity preparation was performed with three-
fold antiseptic scrub with alcohol disinfectant. Draping with
a sterile adhesive surgical iodine film was used. The skin
incision was centered over the greater trochanter. An inci-
sion at the border between the Tensor fasciae latae and the
Tractus iliotibialis was performed. Then, the Watson-Jones
interval between Tensor fasciae latae and Gluteus medius
was bluntly dissected. A capsulectomy was performed in
every case. Fluoroscopy was not routinely used. The stand-
ardized peri- and postoperative protocol was identical in all
cases, including single-shot antibiotics (Cefuroxime 1.5 g

* Stem alignment in varus position > 3°

i.v. directly preoperative), weight-bearing as tolerated from
the first postoperative day on, Indomethacin 75 mg daily
for the prevention of heterotopic ossification on days 1-4
postoperatively and 40 mg low-molecular weight heparin or
Rivaroxaban 10 mg for 28 days postoperatively as venous
thromboembolic event prophylaxis.

In all patients a cementless, curved short stem (Fitmore
stem, ZimmerBiomet, Warsaw, IN, USA) Fitmore® hip stem
is a titanium alloy stem (Ti Al6V4) that has a porolock Ti-
VPS coating in the proximal part to enhance bone ingrowth
and is available in four different neck angle options (127°,
129°, 137°, 140°) [2]. A cementless titanium press-fit cup
with or without screws (Alloﬁt®/-S, ZimmerBiomet, War-
saw, IN, USA) was used in all patients. Digital templating
was performed prior to surgery in all cases using mediCAD®
version 5.1 (Hectec GmbH, Altdorf, Germany).

®

Radiographic evaluation

Radiographic measurement was performed on preoperative
and 3 months postoperative digital low-centered AP radio-
graphs of the pelvis [29]. Measurements were conducted
independently by two reviewers (M.L., J.S.), who were not
involved in index surgery. Radiographs were taken with the
patient in standing position and with both legs in 15° inter-
nal rotation and the central beam was directed on the sym-
physis pubis [20]. To achieve an accurate measurement of
the hip anatomy, a double coordinate system was applied on
both the preoperative and the postoperative images [1, 30].
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Radiographic analysis was done using MediCAD® Software
V5.1 (Hectec GmbH, Altdorf, Germany). The hip center of
rotation (COR) was defined using a circle tool determining
the diameter of the femoral head and its center [31]. The
femoral offset (FO) was determined as the perpendicular
distance between the COR and the proximal femoral shaft
axis (FSA) [29, 31]. 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 [29]. Hip offset
(HO) was calculated as the sum of FO and AO [29]. The
vertical position of the COR was measured as the perpen-
dicular distance to line TT [32]. Radiographic leg length
difference (LLD) was measured as the perpendicular dis-
tance between line TT and the middle of the lesser trochanter
(LT) [20]. Centrum-Collum-Diaphyseal (CCD) angle was
determined according to M. E. Miiller on the affected hip
[33]. To characterize the anatomical shape of the proximal
femur and the thickness of cortical bone, the canal to calcar
isthmus ratio and the cortical index (CI) according to Dorr
et al. [34] were determined. A high CI indicates a thick cor-
tical bone [34]. Additionally the canal flare according to
Noble et al. [35] was determined. The stem alignment was
measured as the difference in degrees between the anatomic
femoral shaft axis and the vertical stem axis [23]. The canal
fill index (CFI) was determined to evaluate the metaphyseal/
diaphyseal filling of the femoral canal by the cementless

Femoral offset: 37 mm (initial)

37 mm (now.)—

Fig.2 Preoperative measurements: both sides: femoral offset (FO),
acetabular offset (AO), vertical position of the center of rotation
(COR), leg length difference (LLD); affected hip: Centrum-Collum-
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stem implant on 3 different heights (CFI I: at the level of the
LT, CFILII: 1 cm below the LT, CFI III: 3 cm below the LT).
On each height, the horizontal diameter of the stem implant
was measured and divided by the endosteal medullary canal
diameter, multiplied by 100 to achieve the relative percent-
age [32]. 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.
[36], as recently validated by computer tomography based
data [37]. On preoperative x-rays FO, AO, HO and LLD
and vertical position of the COR were measured bilaterally,
while CCD angle, CI, Canal Flare Index and Canal to Calcar
Ratio were measured unilaterally on the affected hip. Com-
plete preoperative measurements are also shown in Fig. 2.

On postoperative X-rays FO, AO, HO, LLD and vertical
position of the COR were measured bilaterally, while cup
inclination, cup anteversion, stem alignment, CFI, CFII
and CFIII were measured unilaterally on the operated hip.
Complete postoperative measurements are also shown in
Fig. 3.

Intra- and interobserver reliabilities were calculated for
15 randomly selected cases for each group [20, 38]. Intra-
class-correlation coefficients (ICC) were used with a two-
way random effects model for absolute agreement. Repeated
measurements for intraobserver reliability were performed
at day 1 and day 14 in a blinded fashion.

B8:20 mm

Femoral offset: 36 mm (initial)
E | 36 mm (now)

Diaphyseal Angle (CCD angle), Cortical Index (CI), Canal Flare
Index, Canal to Calcar ratio
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Fig.3 Both sides: femoral offset (FO), acetabular offset (AO), vertical position of the center of rotation (COR), leg length difference (LLD);
affected side: stem alignment, canal fill index I, II and III, cup inclination, cup anteversion

Statistics

Testing for statistical significance in postoperative stem
alignment was performed to confirm a significant differ-
ence in both groups prior to further statistical analysis.
The division into described groups was confirmed statisti-
cally (»p <0.001) as shown in Table 3.

Descriptive statistical analysis was conducted for Age,
gender, body mass index (BMI) and laterality. A Shap-
iro—Wilk Test was performed for testing for normal dis-
tribution. As not all variables were normally distributed
non-parametric testing was performed. For patient demo-
graphics, a Fisher’s exact test was performed on categori-
cal variables (gender and laterality) in order to evaluate
any association between independent variables and the
likelihood of a fracture. Post hoc calculations with Bonfer-
roni correction were not carried because of missing statis-
tical significance. A Wilcoxon Mann—Whitney U Test was
performed on continuous variables (age and BMI). For
statistical analysis of pre- and postoperative radiographic
measurements a non-parametric Wilcoxon Mann—Whit-
ney U Test was performed. A Pearson’s correlation was
performed between the variables preoperative CCD angle
and postoperative stem alignment. Statistical analysis was
calculated with SPSS version 26 (IBM SPSS statistics,
Chicago, IL, USA). A p value <0.05 was considered as
statistically significant.

Results

The interobserver and intraobserver correlation coeffi-
cient for radiographic measurements showed satisfying
results [range 0.961 (95% CI 0.853-0.989) to 0.998 (95%
CI 0.986-0.999)]. Average age at operation, gender, BMI
and laterality were evenly distributed and did not show any
statistical significance. Detailed demographic data for both
groups is given in Table 1. Preoperative radiological dif-
ferences between affected and contralateral healthy hip are

Table 2 Preoperative radiographic measurements

Preoperative discrepancy Group A Group B P Value
between arthritic and healthy hip

Hip offset (mm) 1.5+4 0.8+4.1 0.399
Acetabular offset (mm) 0.7+2 09+28 0.838
Femoral offset (mm) 2.3+3.9 1.7+4.3  0.598
Leg length difference (mm) —42+43 -35+52 0.42
Vertical position of the COR 3+4.2 2+33  0.139

(mm)
CCD angle (°) 135+6  128.9+5.7 <0.001

0.59+0.05 0.61+0.05 0.05
4.65+0.75 4.73+0.76 0.670
0.61+0.08 0.62+0.1 0.621

Cortical index
Canal flare index

Canal to calcar ratio

All values are expressed as mean + standard deviation

COR center of rotation, CCD angle centrum-collum-diaphyseal angle
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Table 3 Postoperative

. . Variable Group A Group B
radiographic measurements
THA Healthy hip THA Healthy hip

Hip offset (mm) 69.8+5.8 68.4+6.2 79.1+8.6 75.1+7.6
p value 0.366 0.013
Acetabular offset (mm) 29.3+3.7 32.6+3.7 28.8+3.4 32.9+4.5
p value <0.001 <0.001
Femoral offset (mm) 40.5+54 35.7+4.6 502+7.5 42.1+5.2
p value <0.001 <0.001
Vertical position of the COR (mm) 18.8+4.1 139+34 19.3+3.7 14.6+3.8
p value <0.001 <0.001
Leg length difference® (mm) —13+55 0.7+4.7
p value 0.058
Stem alignment (°) 1.8+1.1 6.7+2.3
p value <0.001
Canal fill index 1 80.88 +5.99 76.14+5.87
p value <0.001
Canal fill index I1 83.21+6.28 80.74+6.8
p value 0.003
Canal fill index III 86.81+6.74 81.01+9.32
p value 0.002
Cup inclination (°) 44.8+6.44 43.27+6.08
p value 0.428
Cup anteversion (°) 29.09 +5.63 27.43+5.96
p value 0.131

All values are expressed as mean + standard deviation

“Between healthy and operated hip

shown in Table 2. Difference in HO, AO, FO, LLD and ver-
tical position of the COR did not show any statistical differ-
ence for both groups. Preoperative CCD angle was signifi-
cantly lower in Group B (p <0.001). Pearson’s » was —0.474
(»<0.001), showing a significant correlation between low
preoperative CCD angle and high postoperative varus stem
alignment. Anatomical shape of the affected side did not
show any significance in testing the Cortical Index, Canal
Flare Index and Canal to Calcar ratio.

Table 3 shows the postoperative measurements in detail.
Postoperatively FO increased significantly in both groups
(Group A: 4.8 mm; Group B: 8.1 mm; p <0.001) compared
to the contralateral healthy hip, while AO was decreased
significantly in both groups (Group A:—3.3 mm; Group
B: —4.1 mm; p<0.001). HO only increased significantly in
Group B by 4 mm (p=0.013), while Group A did show
an increase of 1.4 mm without any statistical significance
compared to the healthy contralateral side (p=0.366). The
vertical position of the COR was significantly placed supe-
riorly in both groups (Group A: 4.9 mm; Group B: 4.7 mm;
p<0.001). Leg length difference (LLD) was decreased by
2.9 mm in group A and 4.2 mm in Group B with a post-
operative LLD of — 1.3 mm for Group A and 0.7 mm for
Group B. Testing for significance in postoperative LLD did
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not show a significance (p =0.058). All Canal Fill Indices
were significantly lower in Group B (CFI I: p <0.001; CFI
I p=0.003; CF III p=0.002). Placement of acetabular cup
did not show any difference in inclination and anteversion
between both groups.

Discussion

Accurate reconstruction of hip geometry in THA is essen-
tial and has influence on clinical outcome, dislocation risk,
range of motion, impingement, abductor muscle strength,
and polyethylene wear [39-41]. To our knowledge, no study
has yet addressed the influence of a high varus stem align-
ment in neck-harming short-stem THA on femoro-acetabular
offset and leg length.

The impact of offset reconstruction on the clinical
outcome has been extensively examined. Innmann et al.
[19] reported the best improvement in clinical outcome
with a combination of complete to slightly increased HO
(£ 5 mm) reconstruction and a marginal LLD in short-
stem THA with Fitmore® hip stem. Mahmood et al. [39]
reported weaker hip abductor muscle strength in patients
with a decrease in HO by more than 5 mm. Sariali et al.
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[41] reported comparable findings with altered gait with
asymmetry between both hips, reduced range of motion,
and a lower maximal swing speed on the operated side for
patients with a minimum decrease in FO of 15%. Cassidy
et al. [15] reported that a decrease in FO of more than
5 mm resulted in worse Western Ontario and McMaster
Universities Arthritis Index (WOMAC) scores compared
to patients with reconstructed or increased FO. Our results
show an increase of HO by 1.4 mm in THA with <3° varus
stem alignment and 4 mm in THA with high varus stem
alignment > 3° compared to a healthy contralateral hip.
Additionally, an increase in HO of > 5 mm compared to the
contralateral normal hip negatively effects polyethylene
wear [40]. We report values in a range under an increase
of 5 mm for both groups, which is suggested to be superior
for clinical functional outcome [19] and for polyethylene
wear [40]. High varus stem alignment leads to a significant
increase in HO. A varus stem alignment > 3° in short-stem
THA with Fitmore® hip stem leads to a tolerable increase
of 4 mm. A stem positioning in line with the femoral shaft
axis or with a low varus position < 3° leads to significantly
better reconstruction of femoro-acetabular offset com-
pared to a contralateral healthy hip. Therefore, high varus
positioning is critical because of a loss of control of the
increase in HO, especially in high offset variants such as
Fitmore Typ B extended or Typ C (Typ B extended: CCD-
Angle 129°; Typ C: 127°). A high varus stem alignment
can be misleading intraoperatively. Offset option Typ B
(CCD 137°) and offset option Typ B extended (CCD 129°)
do not differ in stem size, but differ in CCD angle and off-
set. In case of instability in intraoperative trial reduction
with offset option Typ B, Fitmore® hip stem shows the
advantage of changing to offset option Typ B extended
without any need for further broaching because of identi-
cal stem size. However, if the trial rasp is positioned in a
high varus position, the impact on hip offset with a higher
offset option is difficult to evaluate intraoperatively and
can be misleading. Therefore, the danger of disproportion-
ate increase of HO should be considered. Our results show
only mild impact on HO in high varus stem alignment.
Final placement of Fitmore stem is intended in line with
the diaphysis [2]. However, the effect of increase in HO is
only minimal in high varus alignment.

A high varus stem alignment did not pose a risk for
leg length difference. Adequate reconstruction of HO and
LL is considered as clinically important in THA [19, 29].
However, the literature on leg length difference after THA
and its clinical influence are inconsistent [19]. The con-
sensus agreement recommends a LLD, that is kept to a
minimum [39, 42]. We report a sufficient restoration of
leg length with minimal average LLD in both groups. We
therefore conclude, that LLD can be kept at a minimum

independently from varus positioning of the femoral com-
ponent in short-stem THA with the Fitmore® hip stem.

Canal Fill Indices for the Fitmore® hip stem are reported
with CFI1 of 85.6% +5.4, a CFI II of 90.4% +6.9 and a CFI
II of 85.2% + 11.1 [32]. We report lower Canal Fill Indi-
ces for both groups at all measurement points. Canal Fill
Indices range from 80.88% to 86.81% in Group A and are
significantly lower in high varus ranging from 76.14% to
81.01%. A Canal Fill Index < 80% is considered as under-
sized [43]. Because of a higher varus position, growth in size
while broaching is limited. As a result, a lower Canal Fill
is achieved with less contact against the endosteal cortex of
the calcar and the medial and lateral metaphyseal/diaphyseal
area. Therefore, an implantation in high varus alignment
could pose a risk for primary stability and bony ingrowth.
The Fitmore® hip stem shows a high primary stability com-
parable to straight stem systems [44]. The survival rate of
the Fitmore® hip stem after 8.6 years is reported with 99.6%
(95% C197.1-99.9%) for the endpoint of “stem revision due
to aseptic loosening”. However, the long-term impact of a
low Canal Fill Index because of a high varus placement is
not fully known.

The reason for varus placement of femoral shafts is also
discussed in literature. Less surgical exposure in minimally
invasive approaches could lead to broaching in a more varus
position [2]. Another reason for varus stem alignment could
be preoperative CCD angle. Murphy et al. [45] demonstrated
that low CCD-angles and Coxa vara deformity leads to varus
implantation in cementless straight stem THA. In the pre-
sented study, a significant difference in genuine CCD angle
was found (p <0.001). The group with high varus stem
alignment had a significantly lower genuine CCD angle. This
was also demonstrated with a statistically significant correla-
tion analysis. Therefore, we postulate, that a low preopera-
tive genuine CCD angle could pose a risk factor for high
varus stem placement in short-stem THA with Fitmore® hip
stem. Therefore, surgeons should pay attention to low CCD
angles preoperatively.

Fluoroscopy was not used routinely in the included cases.
Routine use of fluoroscopy would be a potential procedure
to reduce stem malalignment, undersizing of the femoral
implant and prevention of periprosthetic fractures. Studies
investigating the accuracy of implant positioning mainly
focus on cup positioning [46—49]. The effect on implant
positioning with the use of fluoroscopy is mixed with stud-
ies showing improvements for cup positioning and leg
length difference by the use of fluoroscopy [48, 49]. How-
ever, Bingham et al. [47] reported similar results without
any statistical significance for leg length difference in THA
with and without fluoroscopy. Additionally, there is no clear
evidence for a significant improvement of clinical outcome
by routine use of fluoroscopy.
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Several limitations of the study have to be addressed.
First, we tried to minimize a potential selection bias
with very strict inclusion criteria. We present a consecu-
tive cohort with over 1000 THAs, that was reviewed for
inclusion. Only patients with a single implant design and
approach were included. A homogenous study cohort was
created by excluding patients with a contralateral hip dis-
ease (Kellgren Lawrence > grade 1). Both study groups were
tested for differences in age at surgery, BMI, laterality and
gender without any significance. Also, preoperative meas-
urements were tested for statistically significant differences.
Only CCD angle was significantly different between both
groups. However, this was interpreted as a consequence of
forming two groups based on postoperative stem alignment,
rather than being a selection bias. Furthermore, we aimed
to increase reliability of the measurements and results by
restricting inclusion based on preoperative diagnosis. We
excluded all forms of secondary osteoarthritis of the hip and
development dysplasia of the hip Crowe grades II-IV. Prior
surgery before THA was also excluded. However, mild hip
dysplasia (lateral center—edge angle 20-25°), coxa profunda,
and morphologic alterations related to cam- or pincer-type
impingement were included, because these changes might
be subtle and cannot be reliably identified in the present
study cohort with end-stage disease. Therefore, we conclude,
that the findings in the present study are applicable for pri-
mary osteoarthritis and care must be taken when applying
our findings on secondary osteoarthritis or high grades of
development dysplasia of the hip. Secondly, we address the
fact of taking measurements on plain radiographs. FO is
underestimated by approximately 13% on plain radiographs
[50]. Additionally, radiographic measurement of leg length
difference does not necessarily reflect clinical leg length dif-
ference [51]. However, our measurements are easily repro-
ducible, applicable in daily routine and less invasive regard-
ing radiation exposure. Furthermore, we postulate variances
in inter- and intraobserver reliability in measuring clinical
leg length difference. We acknowledge the restrictions of
measurements on plain radiographs. But with implementing
strict inclusion criteria and by using reproducible and well
described landmarks for measuring, we postulate a sufficient
reduction of these limitations. An additional limitation of
this study is missing clinical outcome measures or patient
reported outcome measures. However, the aim of this study
was to evaluate impact of offset reconstruction, leg length
difference and implant positioning and sizing depending on
different stem alignments. Further research is needed to give
a definitive verdict on the clinical impact of high varus stem
alignment in short-stem THA. Furthermore, fluoroscopy was
not routinely used. This might have been a key factor for
higher varus stem alignment and stem undersizing. A routine
use of fluoroscopy might have a significant impact in reduc-
tion of implant malpositioning.

@ Springer

Conclusion

A varus stem alignment with more than 3° increases hip
offset significantly compared to a contralateral healthy hip
and leads to a significantly lower fill of the femoral canal
with risk of undersizing in short-stem THA with a neck-
harming femoral short stem. A preoperatively low genuine
CCD angle pose a risk for varus stem positioning. Long-
term effects on functional outcome and rate of aseptic loos-
ening in high varus alignment has to be evaluated in further
studies.

Funding Open access funding provided by Johannes Kepler University
Linz. No funding was received to assist with the preparation of this
manuscript. No funding was received for conducting this study.

Declarations

Conflict of interest We report personal fees paid to our institution dur-
ing the conduct of the study from Zimmer Biomet, Europe and from
Depuy Synthes Orthopéddie Gmbh, Peter Brehm Gmbh outside the
submitted work. We report research grants paid to our institution dur-
ing the conduct of the study from Zimmer Biomet, Europe, Depuy
Synthes Orthopiddie Gmbh, Peter Brehm Gmbh, Germany, outside the
submitted work. One co-Authors (R.H.) discloses an activity as a paid
consultant for Zimmer Biomet, Europe, outside the submitted work.

Ethical approval The study was approved by the institutional review
board (EK-No.: 1239/2019).

Informed consent Due to the retrospective study design with evalu-
ation of pre-existing medical records, an informed consent was not
required. All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Kutzner KP, Kovacevic MP, Roeder C, Rehbein P, Pfeil J (2015)
Reconstruction of femoro-acetabular offsets using a short-
stem. Int Orthop 39(7):1269-1275. https://doi.org/10.1007/
500264-014-2632-3


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00264-014-2632-3
https://doi.org/10.1007/s00264-014-2632-3

Archives of Orthopaedic and Trauma Surgery (2022) 142:2935-2944

2943

10.

11.

12.

13.

14.

15.

16.

17.

Gustke K (2012) Short stems for total hip arthroplasty: initial
experience with the Fitmore stem. J Bone Joint Surg Br 94(11
Suppl A):47-51. https://doi.org/10.1302/0301-620X.94B11.
30677

Lombardi AV Jr, Berend KR, Ng VY (2011) Stubby stems: good
things come in small packages. Orthopedics 34(9):e464-466.
https://doi.org/10.3928/01477447-20110714-26

Pipino F, Molfetta L (1993) Femoral neck preservation in total hip
replacement. Ital J Orthop Traumatol 19(1):5-12

Khanuja HS, Banerjee S, Jain D, Pivec R, Mont MA (2014)
Short bone-conserving stems in cementless hip arthroplasty. J
Bone Joint Surg Am 96(20):1742—1752. https://doi.org/10.2106/
JBJS.M.00780

Merschin D, Hane R, Tohidnezhad M, Pufe T, Drescher W
(2018) Bone-preserving total hip arthroplasty in avascu-
lar necrosis of the hip-a matched-pairs analysis. Int Orthop
42(7):1509-1516. https://doi.org/10.1007/s00264-018-3896-9
Schnurr C, Schellen B, Dargel J, Beckmann J, Eysel P, Steffen
R (2017) Low short-stem revision rates: 1-11 year results from
1888 total hip arthroplasties. J Arthroplasty 32(2):487-493.
https://doi.org/10.1016/j.arth.2016.08.009

Schmalzried TP, Jasty M, Harris WH (1992) Periprosthetic
bone loss in total hip arthroplasty. Polyethylene wear debris
and the concept of the effective joint space. J Bone Joint Surg
Am 74(6):849-863

Reichert JC, von Rottkay E, Roth F, Renz T, Hausmann J, Kranz
J, Rackwitz L, Noth U, Rudert M (2018) A prospective rand-
omized comparison of the minimally invasive direct anterior
and the transgluteal approach for primary total hip arthroplasty.
BMC Musculoskelet Disord 19(1):241. https://doi.org/10.1186/
$12891-018-2133-4

Pisecky L, Hipmair G, Schauer B, Bohler N (2018) 30-years of
experience with the cementless implanted Alloclassic total hip
arthroplasty system—an ultra-long-term follow-up. J Orthop
15(1):18-23. https://doi.org/10.1016/j.jor.2017.11.003
Snijders TE, van Erp JHJ, de Gast A (2019) Restoring femoral
offset and leg length; the potential of a short curved stem in
total hip arthroplasty. J Orthop 16(5):396-399. https://doi.org/
10.1016/.jor.2019.04.013

McGrory BJ, Morrey BF, Cahalan TD, An KN, Cabanela ME
(1995) Effect of femoral offset on range of motion and abductor
muscle strength after total hip arthroplasty. J] Bone Joint Surg
Br 77(6):865-869

Sakalkale DP, Sharkey PF, Eng K, Hozack WJ, Rothman RH
(2001) Effect of femoral component offset on polyethylene wear
in total hip arthroplasty. Clin Orthop Relat Res 388:125-134.
https://doi.org/10.1097/00003086-200107000-00019
Asayama I, Chamnongkich S, Simpson KJ, Kinsey TL,
Mahoney OM (2005) Reconstructed hip joint position and
abductor muscle strength after total hip arthroplasty. J Arthro-
plasty 20(4):414-420. https://doi.org/10.1016/j.arth.2004.01.
016

Cassidy KA, Noticewala MS, Macaulay W, Lee JH, Geller JA
(2012) Effect of femoral offset on pain and function after total
hip arthroplasty. J Arthroplasty 27(10):1863-1869. https://doi.
org/10.1016/j.arth.2012.05.001

Gkagkalis G, Goetti P, Mai S, Meinecke I, Helmy N, Bosson D,
Kutzner KP (2019) Cementless short-stem total hip arthroplasty
in the elderly patient—is it a safe option?: a prospective multi-
centre observational study. BMC Geriatr 19(1):112. https://doi.
org/10.1186/s12877-019-1123-1

Chammai Y, Brax M (2015) Medium-term comparison of results
in obese patients and non-obese hip prostheses with Metha(R)
short stem. Eur J Orthop Surg Traumatol 25(3):503-508. https://
doi.org/10.1007/s00590-014-1574-1

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Jerosch J (2012) Kurzschaftendoprothesen wo liegen die unter-
schiede? Deutscher Arzte—Verlag, Koln

Innmann MM, Maier MW, Streit MR, Grammatopoulos G,
Bruckner T, Gotterbarm T, Merle C (2018) Additive influence
of hip offset and leg length reconstruction on postoperative
improvement in clinical outcome after total hip arthroplasty.
J Arthroplasty 33(1):156-161. https://doi.org/10.1016/j.arth.
2017.08.007

Innmann MM, Streit MR, Kolb J, Heiland J, Parsch D, Aldinger
PR, Konigshausen M, Gotterbarm T, Merle C (2015) Influence of
surgical approach on component positioning in primary total hip
arthroplasty. BMC Musculoskelet Disord 16:180. https://doi.org/
10.1186/512891-015-0623-1

Kellgren JH, Lawrence JS (1957) Radiological assessment of
osteo-arthrosis. Ann Rheum Dis 16(4):494-502. https://doi.org/
10.1136/ard.16.4.494

Crowe JF, Mani VJ, Ranawat CS (1979) Total hip replacement
in congenital dislocation and dysplasia of the hip. J Bone Joint
Surg Am 61(1):15-23

Aldinger PR, Jung AW, Breusch SJ, Ewerbeck V, Parsch D
(2009) Survival of the cementless Spotorno stem in the second
decade. Clin Orthop Relat Res 467(9):2297-2304. https://doi.
org/10.1007/s11999-009-0906-7

Haversath M, Lichetzki M, Serong S, Busch A, Landgraeber
S, Jager M, Tassemeier T (2020) The direct anterior approach
provokes varus stem alignment when using a collarless straight
tapered stem. Arch Orthop Trauma Surg. https://doi.org/10.
1007/s00402-020-03457-9

Haversath M, Busch A, Jager M, Tassemeier T, Brandenburger
D, Serong S (2019) The ‘critical trochanter angle’: a predictor
for stem alignment in total hip arthroplasty. J Orthop Surg Res
14(1):165. https://doi.org/10.1186/s13018-019-1206-x
Takada R, Whitehouse S, Hubble M, Wilson MJ, Howell JR,
Timperley AJ, Kassam A (2019) Does varus or valgus align-
ment of the exeter stem influence survival or patient outcome in
total hip arthroplasty? A review of 4126 cases with a minimum
follow-up of five years. Orthop Proc 101-B(SUPP_6):22-22.
https://doi.org/10.1302/1358-992X.2019.6.022

de Beer J, McKenzie S, Hubmann M, Petruccelli D, Winemaker
M (2006) Influence of cementless femoral stems inserted in
varus on functional outcome in primary total hip arthroplasty.
Can J Surg 49(6):407-411

Kutzner KP, Kovacevic MP, Freitag T, Fuchs A, Reichel H,
Bieger R (2016) Influence of patient-related characteristics on
early migration in calcar-guided short-stem total hip arthro-
plasty: a 2 year migration analysis using EBRA-FCA. J Orthop
Surg Res 11:29. https://doi.org/10.1186/513018-016-0363-4
Dastane M, Dorr LD, Tarwala R, Wan Z (2011) Hip offset in
total hip arthroplasty: quantitative measurement with naviga-
tion. Clin Orthop Relat Res 469(2):429-436. https://doi.org/
10.1007/s11999-010-1554-7

Wedemeyer C, Quitmann H, Xu J, Heep H, von Knoch M, Sax-
ler G (2008) Digital templating in total hip arthroplasty with
the Mayo stem. Arch Orthop Trauma Surg 128(10):1023-1029.
https://doi.org/10.1007/s00402-007-0494-5

Merle C, Waldstein W, Pegg E, Streit MR, Gotterbarm T,
Aldinger PR, Murray DW, Gill HS (2012) Femoral offset is
underestimated on anteroposterior radiographs of the pelvis but
accurately assessed on anteroposterior radiographs of the hip.
J Bone Joint Surg Br 94(4):477-482. https://doi.org/10.1302/
0301-620X.94B4.28067

Innmann MM, Spier K, Streit MR, Aldinger PR, Bruck-
ner T, Gotterbarm T, Merle C (2018) Comparative analysis
of the reconstruction of individual hip anatomy using 3 dif-
ferent cementless stem designs in patients with primary hip

@ Springer


https://doi.org/10.1302/0301-620X.94B11.30677
https://doi.org/10.1302/0301-620X.94B11.30677
https://doi.org/10.3928/01477447-20110714-26
https://doi.org/10.2106/JBJS.M.00780
https://doi.org/10.2106/JBJS.M.00780
https://doi.org/10.1007/s00264-018-3896-9
https://doi.org/10.1016/j.arth.2016.08.009
https://doi.org/10.1186/s12891-018-2133-4
https://doi.org/10.1186/s12891-018-2133-4
https://doi.org/10.1016/j.jor.2017.11.003
https://doi.org/10.1016/j.jor.2019.04.013
https://doi.org/10.1016/j.jor.2019.04.013
https://doi.org/10.1097/00003086-200107000-00019
https://doi.org/10.1016/j.arth.2004.01.016
https://doi.org/10.1016/j.arth.2004.01.016
https://doi.org/10.1016/j.arth.2012.05.001
https://doi.org/10.1016/j.arth.2012.05.001
https://doi.org/10.1186/s12877-019-1123-1
https://doi.org/10.1186/s12877-019-1123-1
https://doi.org/10.1007/s00590-014-1574-1
https://doi.org/10.1007/s00590-014-1574-1
https://doi.org/10.1016/j.arth.2017.08.007
https://doi.org/10.1016/j.arth.2017.08.007
https://doi.org/10.1186/s12891-015-0623-1
https://doi.org/10.1186/s12891-015-0623-1
https://doi.org/10.1136/ard.16.4.494
https://doi.org/10.1136/ard.16.4.494
https://doi.org/10.1007/s11999-009-0906-7
https://doi.org/10.1007/s11999-009-0906-7
https://doi.org/10.1007/s00402-020-03457-9
https://doi.org/10.1007/s00402-020-03457-9
https://doi.org/10.1186/s13018-019-1206-x
https://doi.org/10.1302/1358-992X.2019.6.022
https://doi.org/10.1186/s13018-016-0363-4
https://doi.org/10.1007/s11999-010-1554-7
https://doi.org/10.1007/s11999-010-1554-7
https://doi.org/10.1007/s00402-007-0494-5
https://doi.org/10.1302/0301-620X.94B4.28067
https://doi.org/10.1302/0301-620X.94B4.28067

2944

Archives of Orthopaedic and Trauma Surgery (2022) 142:2935-2944

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

osteoarthritis. J Arthroplasty 33(4):1126-1132. https://doi.org/
10.1016/j.arth.2017.11.026

Waldt S, Eiber M, Wortler K (2011) Messverfahren und klas-
sifikationen in der muskuloskelettalen radiologie. Thieme,
Stuttgart

Dorr LD, Faugere MC, Mackel AM, Gruen TA, Bognar B, Mal-
luche HH (1993) Structural and cellular assessment of bone qual-
ity of proximal femur. Bone 14(3):231-242. https://doi.org/10.
1016/8756-3282(93)90146-2

Noble PC, Alexander JW, Lindahl LJ, Yew DT, Granberry WM,
Tullos HS (1988) The anatomic basis of femoral component
design. Clin Orthop Relat Res 235:148-165

Lewinnek GE, Lewis JL, Tarr R, Compere CL, Zimmerman JR
(1978) Dislocations after total hip-replacement arthroplasties. J
Bone Joint Surg Am 60(2):217-220

Lu M, Zhou YX, Du H, Zhang J, Liu J (2013) Reliability and
validity of measuring acetabular component orientation by plain
anteroposterior radiographs. Clin Orthop Relat Res 471(9):2987—
2994. https://doi.org/10.1007/s11999-013-3021-8

Innmann MM, Weishorn J, Bruckner T, Streit MR, Walker T, Got-
terbarm T, Merle C, Maier MW (2019) Fifty-six percent of proxi-
mal femoral cortical hypertrophies 6 to 10 years after total hip
arthroplasty with a short Cementless curved hip stem—a cause
for concern? BMC Musculoskelet Disord 20(1):261. https://doi.
org/10.1186/s12891-019-2645-6

Mahmood SS, Mukka SS, Crnalic S, Wretenberg P, Sayed-Noor
AS (2016) Association between changes in global femoral offset
after total hip arthroplasty and function, quality of life, and abduc-
tor muscle strength. A prospective cohort study of 222 patients.
Acta Orthop 87(1):36-41. https://doi.org/10.3109/17453674.
2015.1091955

Little NJ, Busch CA, Gallagher JA, Rorabeck CH, Bourne RB
(2009) Acetabular polyethylene wear and acetabular inclination
and femoral offset. Clin Orthop Relat Res 467(11):2895-2900.
https://doi.org/10.1007/s11999-009-0845-3

Sariali E, Klouche S, Mouttet A, Pascal-Moussellard H (2014)
The effect of femoral offset modification on gait after total hip
arthroplasty. Acta Orthop 85(2):123-127. https://doi.org/10.3109/
17453674.2014.889980

Whitehouse MR, Stefanovich-Lawbuary NS, Brunton LR, Blom
AW (2013) The impact of leg length discrepancy on patient sat-
isfaction and functional outcome following total hip arthroplasty.
J Arthroplasty 28(8):1408—1414. https://doi.org/10.1016/j.arth.
2012.12.009

Streit MR, Innmann MM, Merle C, Bruckner T, Aldinger PR,
Gotterbarm T (2013) Long-term (20- to 25-year) results of an

@ Springer

44.

45.

46.

47.

48.

49.

50.

51.

uncemented tapered titanium femoral component and factors
affecting survivorship. Clin Orthop Relat Res 471(10):3262-32609.
https://doi.org/10.1007/s11999-013-3033-4

Bieger R, Ignatius A, Decking R, Claes L, Reichel H, Durselen
L (2012) Primary stability and strain distribution of cementless
hip stems as a function of implant design. Clin Biomech (Bris-
tol, Avon) 27(2):158-164. https://doi.org/10.1016/j.clinbiomech.
2011.08.004

Murphy CG, Bonnin MP, Desbiolles AH, Carrillon Y, Asmallyi
USST (2016) Varus will have varus; a radiological study to assess
and predict varus stem placement in uncemented femoral stems.
Hip Int 26(6):554-560. https://doi.org/10.5301/hipint.5000412
Soderquist MC, Scully R, Unger AS (2017) Acetabular placement
accuracy with the direct anterior approach freehand technique.
J Arthroplasty 32(9):2748-2754. https://doi.org/10.1016/j.arth.
2017.04.011

Bingham JS, Spangehl MJ, Hines JT, Taunton MJ, Schwartz AJ
(2018) Does intraoperative fluoroscopy improve limb-length
discrepancy and acetabular component positioning during direct
anterior total hip arthroplasty? J Arthroplasty 33(9):2927-2931.
https://doi.org/10.1016/j.arth.2018.05.004

Beamer BS, Morgan JH, Barr C, Weaver MJ, Vrahas MS (2014)
Does fluoroscopy improve acetabular component placement in
total hip arthroplasty? Clin Orthop Relat Res 472(12):3953-3962.
https://doi.org/10.1007/s11999-014-3944-8

Leucht P, Huddleston HG, Bellino MJ, Huddleston JI (2015)
Does intraoperative fluoroscopy optimize limb length and the
precision of acetabular positioning in primary THA? Orthopedics
38(5):e380-386. https://doi.org/10.3928/01477447-20150504-54
Grammatopoulos G, Thomas GE, Pandit H, Beard DJ, Gill HS,
Murray DW (2015) The effect of orientation of the acetabular
component on outcome following total hip arthroplasty with small
diameter hard-on-soft bearings. Bone Joint J 97-B(2):164-172.
https://doi.org/10.1302/0301-620X.97B2.34294

Tipton SC, Sutherland JK, Schwarzkopf R (2016) The assessment
of limb length discrepancy before total hip arthroplasty. J Arthro-
plasty 31(4):888-892. https://doi.org/10.1016/j.arth.2015.10.026

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.arth.2017.11.026
https://doi.org/10.1016/j.arth.2017.11.026
https://doi.org/10.1016/8756-3282(93)90146-2
https://doi.org/10.1016/8756-3282(93)90146-2
https://doi.org/10.1007/s11999-013-3021-8
https://doi.org/10.1186/s12891-019-2645-6
https://doi.org/10.1186/s12891-019-2645-6
https://doi.org/10.3109/17453674.2015.1091955
https://doi.org/10.3109/17453674.2015.1091955
https://doi.org/10.1007/s11999-009-0845-3
https://doi.org/10.3109/17453674.2014.889980
https://doi.org/10.3109/17453674.2014.889980
https://doi.org/10.1016/j.arth.2012.12.009
https://doi.org/10.1016/j.arth.2012.12.009
https://doi.org/10.1007/s11999-013-3033-4
https://doi.org/10.1016/j.clinbiomech.2011.08.004
https://doi.org/10.1016/j.clinbiomech.2011.08.004
https://doi.org/10.5301/hipint.5000412
https://doi.org/10.1016/j.arth.2017.04.011
https://doi.org/10.1016/j.arth.2017.04.011
https://doi.org/10.1016/j.arth.2018.05.004
https://doi.org/10.1007/s11999-014-3944-8
https://doi.org/10.3928/01477447-20150504-54
https://doi.org/10.1302/0301-620X.97B2.34294
https://doi.org/10.1016/j.arth.2015.10.026

	High varus stem alignment in short-stem total hip arthroplasty: a risk for reconstruction of femoro-acetabular offset, leg length discrepancy and stem undersizing?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study cohort
	Surgical technique and treatment protocol
	Radiographic evaluation
	Statistics

	Results
	Discussion
	Conclusion
	References




