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Abstract

Introduction The minimally invasive direct anterior approach (DAA) is an established approach for primary total hip
arthroplasty (THA). The complication rates in hip revision arthroplasty are much higher in comparison with primary THA.
A right positioning of the implants and a soft tissue, especially the abductors spearing approach, is important to get good
functional results and low complication rates. The aim of this study was to show the clinical and radiological outcome of
isolated revision hip arthroplasty of the cup by using the DAA.

Materials and methods Aseptic cup revisions were carried out in 48 patients using the DAA. A decision to exchange the
stem was made intraoperatively in seven cases. Complications, radiological and functional outcome were assessed. All of
the data were collected retrospectively. The mean follow-up period was 65 months.

Results In most of the cases the standard DAA was used. A proximal extension was nescessary in 15 patients (31%). The
mean cup inclination angle after revision was 44° (min. 25°, max. 62°). Six implants (12.5%) were located outside of the
Lewinnek safe zone. The centers of rotation of the revision implants were a mean of 0.6 cm superior (min. 0, max. 2.2 cm)
and 0.5 cm lateral (min. 0.2 cm, max 1.2 cm) in comparison with the center of rotation in the healthy hip on the contralateral
side. Harris Hip Score improved significantly from 50 to 91 (P=0.03). Complications noted consisted of two periprosthetic
infections (4.2%), one aseptic cup loosening (2.1%), two hematomas requiring revision (4.2%), and one case each of femo-
ral nerve injury, lower-leg venous thrombosis, and pneumonia. No dislocations were observed and there were no cases of
heterotopic ossification based on the Brooker classification. No persistent damage of the nervus cutaneus femoris lateralis
was found at the follow-up examinations.

Conclusions The DAA represents a feasible option in hip revision arthroplasty. Anatomic reconstruction of the cup is repro-
ducibly possible. Good medium-term results can also be achieved. Particularly in relation to dislocation, the complication
rates are low. Due to the learning curve, the DAA should only be used in hip revision arthroplasty by those with sufficient
experience in primary THA. Adequate data regarding stem revisions through the DAA are not available at the moment.
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Introduction

The minimally invasive direct anterior approach (DAA) is
an established approach for primary total hip arthroplasty
(THA). Good results and advantages in comparison with
other approaches have been reported in the literature—
particularly during the first 12 weeks, but also during the
longer-term follow-up—in relation to dislocation rates and
heterotopic ossification [1-8].

The complication rates in hip revision arthroplasty are
much higher in comparison with primary THA [9]. The
reasons for the increased complication rates with revision
procedures are multifactorial. The bony defect situation,
positioning, and choice of implant all play a role. How-
ever, increasing damage to the soft tissues, especially to
the abductor muscles, also explains higher infection rates,
dislocation rates, and poorer functional scores in compari-
son with primary THA [10, 11].

To our knowledge, this is one of the few studies, which
presents mid-term results following aseptic cup revision
using the DAA. The following questions were addressed:
Is anatomic reconstruction possible in revision cases using
the DAA? What are the results and complication rates in
comparison with the literature for conventional approaches?

Materials and methods

Aseptic cup revisions were carried out in 48 patients with
a mean age of 70 (min. 44, max. 82; 14 men, 35 women)
in the period from 2009 to 2012. All of the revision
arthroplasties were performed by a single surgeon (senior
author). The right side was involved in 23 cases and the
left in 25. The patients’ mean body mass index (BMI) was
27 kg/m? (min. 23.5, max. 29).

The number of previous cup revisions was 1 in 33
patients, 2 in 9 patients, 3 in 5 patients, and 6 in 1 patients.

Inclusion criteria were all patients with an indication
for aseptic revision of the cup without obvious loosening
or malpositioning of the stem. Exclusion criteria were Pri-
mary THA for tumor desease or metastasis and peripros-
thetic infections using preoperative joint aspiration and
biopsy if needed [12].

The indications for revision were dislocation due to
malpositioning (n=35), aseptic loosening (n=42), and
psoas impingement (n=1). A decision to exchange the
stem was made intraoperatively in seven cases, because
of insufficient exposure of the acetabulum n =1, aseptic
loosening n =4, retrotorsion n=2.

In all patients the direct anterior approach between the
muscle tensor fasciae latae and the rectus femoris was
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used like that described from Rachbauer et al. [13, 14]. In
cases of isolated revision of the cup, the femoral head is
removed. The hip will then be put in about 30° of flexion.
By rotating the femur the stem can be put in a pocket cre-
ated posterior superior to the acetabulum. To get better
access release of the capsule posterolateral of the femur is
nescessary in most cases. Then a minimal invasive hook
is placed at the posterior rim of the acetabulum to push
the stem posteriorly.

A proximal extension was nescessary in 15 patients (31%)
(Table 1). Proximal approach extensions were most often
carried out for type 3 defects (53%). In these cases an exten-
sion of 2-3 cm in direction of the anterior iliac crest with
release of the tendon of the tensor fascie latae was sufficient
[15].

Patient-specific data, data on the operation carried out,
and the follow-up results including complications, were
drawn from the patient files. Signs of loosening, the inclina-
tion angle, and superior and lateral changes to the center of
rotation in comparison with the original healthy joint of the
contralateral side were assessed using a.p. radiographs [16]
The Trendelenburg sign and Harris hip score (HHS) were
assessed preoperatively and at the last follow-up examina-
tion. All of the data were collected retrospectively.

The mean follow-up period was 65 months (min. 44, max.
121). Three patients were lost to follow-up. Two patients
died after 50 and 60 months, respectively, independently of
the operation carried out.

Statistical analysis was carried out using IBM SPSS Sta-
tistics for Windows, version 20.0 (Armonk, New York: IBM
Corporation). The study was approved by the local institu-
tion’s Ethics Committee (reference no. 2017-601-f-S) and
was conducted in accordance with the Helsinki Declaration.

Results

Table 1 lists the type of acetabulum defects, numbers of
extensions, and numbers of stem exchanges.

Table 1 Paprosky classification of types of acetabular defect, num-
bers of proximal extension and stem exchanges

Type of defect N=48 Proximal exten-  Stem
sion exchange
N=15 n="7

Type 1 2 1 1

Type 2a 14 1 1

Type 2b 14 4 1

Type 2¢ 1 0 0

Type 3a 14 6 2

Type 3b 3 3 2
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Table 2 Cups used in previous and revision arthroplasties

Type of cup Previous Revision
arthroplasty  arthroplasty
() ()
Hemispherical press fit 18 23%
Threaded cups 14 0
Cemented polyethylene 10 0
Cage with cemented polyethylene 4 0
Cage with cemented dual mobility cup 0 13b¢
Cemented dual mobility with metal 0 5ba
augment/wedge (off-label)
Dual mobility cemented 0 7

ATrabecular Metal™ (Zimmer Biomet, Warsaw, Indiana, USA), n=35;
Tritanium® (Stryker, Kalamazoo, Michigan, USA), n=18

®Burch Schneider cage (Zimmer Biomet, Warsaw, Indiana, USA)

¢ Avantage® cup (Zimmer Biomet, Warsaw, Indiana, USA)

The type of cups implanted before and afterrevision are
listed in Table 2.

Table 3 lists the head sizes used before and after revision
arthroplasties.

Allografts or bone substitutes (Vitoss; Stryker, Kalama-
z0o, Michigan, USA) were used in 11 patients and seven
patients, respectively.

The mean operating time was 125 min (min. 65, max.
235).

In 37 patients no transfusion of packed red cells was
nescessary, in one patient 1 transfusion was nescessary, 7
patients got 2 transfusions, in 3 cases 4 packed red cells
were transfused and in 1 patient 6 packed red cells were
transfused.

The mean cup inclination angle at the follow-up was 44°
(min. 25°, max. 62°). Six implants (12.5%) were located
outside of the Lewinnek safe zone independent from the
type of defect [10].

Changes in the center of rotation following the cup revi-
sion via DAA, in comparison with the healthy hip joint on
the contralateral side, were noted in 19 patients. The centers
of rotation of the revision implants were a mean of 0.6 cm

Table 3 Head sizes used in the previous and revision arthroplasties

Head sizes Previous arthro- Revision
plasty (n) arthroplasty

()

28 mm 28

32 mm 16 7

36 mm 2 15

46 mm (metal on metal) 1 0

54 mm (metal on metal) 1 0

Dual mobility 0 25

superior (min. 0, max. 2.2 cm) and 0.5 cm lateral (min.
0.2 cm, max 1.2 cm) in comparison with the center of rota-
tion in the healthy hip on the contralateral side.

No radio lucent lines were found in 31 patients. 7 patients
had radio lucent lines in zone 1, in 8 patients radio lucent
lines were found in zone 1 and 2, one patient each showed
radio lucent lines in zone 1,2,3 and zone 2,3.

Table 4 lists the Trendelenburg signs before and after
revision, dependent of approaches before revision.

The mean HHS was 50 preoperatively (max. 76, min.
20) and 91 at the follow-up examination (max. 96, min. 57)
(P=0.03).

Complications noted consisted of two periprosthetic
infections (4.2%), with two-stage exchanges after 14 and
27 months, and one aseptic cup loosening after 25 months
(2.1%) in a type 3a defect. Two hematomas required revision
(4.2%), and there was one case each of femoral nerve injury,
lower-leg venous thrombosis, and pneumonia. No disloca-
tions were observed and there were no cases of heterotopic
ossification based on the Brooker classification [17]. No
cases of injury to the lateral cutaneous nerve of the thigh
were found at the follow-up examinations.

The 7 patients with a stem exchange showed no differ-
ences in HHS preoperativly and at follow-up to the group of
single cup revision. No modular revision system was used.
All stems were cemented. In 3 patients proximal extension
of the approach with release of the tendon of the tensor
fasciae latae was nescessary for better visualization of the
femur. In one patient postoperativly an incomplete lesion of
the femoral nerve was diagnosed.

Discussion

The DAA for THA is an established approach that is associ-
ated with good results [6, 18-21]. Soderquist et al. recently
showed that the DAA is also a safe and reliable approach
in relation to anatomic reconstruction and positioning of
the cup components in particular [22]. Eighty-five percent
of the cup implants were placed within the Lewinnek safe

Table 4 Trendelenburg signs before and after revision, relative to the
approaches used before revision

Approaches before revision Trendelenburg Trendelenburg
(n=42) sign before revi-  sign after revi-
sion sion

Lateral (n = 25) n =15 (60%) n=8(32%)

Posterior (n = 12) n="7(58%) n=2325%)

Direct anterior (n = 3) n=0 n=0

Watson Jones (anterolateral) n=1(50%) n=1(50%)
(n=2)

Total n =25 (60%) n=12 (29%)
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zone using a freehand technique. Kawarai et al. investigated
implant alignment in primary hip arthroplasties and com-
pared the DAA and the anterolateral approach. No signifi-
cant differences between them were found with regard to
the accuracy of cup positioning (85% versus 97%) [23].
When positioning the revision implant not only the right
inclination and anteversion are important but also restoring
the center of rotation are important to get a stable joint with
good function and no early lossening. In the present group
of patients, implantation in the safe zone was also achieved
in 87.5% using the DAA, even in revision cases.

As is known from the literature, cranialization and later-
alization of the center of rotation leads to an increased rate
of loosening and to weakening of the abductors [24, 25].
Asayama et al. concluded that a slightly inferomedial cup
position can lead to an improvement in abductor function
[26].

Restoring the center of rotation in the hip joint is much
more difficult in revision cases, due to the presence of bony
defects.

In our series cup implants could be fixed in the safe zone
in 87.5%, which is comparable with the data in primary hip
arthroplasties using the DAA. The center of rotation was
only minimally changed to a superior (mean 0.6 cm) and
lateral (mean 0.5 cm) position, which represents a good ana-
tomical reconstruction even in cases with Paprosky typ III
decects. As the present data show, an anatomic reconstruc-
tion can be achieved in most cases even in revision proce-
dures using appropriate implants such as wedges. The DAA
does not present any limitations here. The approach can also
be extended proximally to fill defects with metal wedges, or
to fix cages with screws, in cases of larger superiorcranial
defects [27].

On the functional side we could show a significant
improvement in the HHS with a mean of 91 points after a
follow-up of 65 months.

After a mean follow-up period of 65 months, the HHS
significantly improved from 50 to 91 points (p =0.03) Other
studies have also confirmed a significant improvement in
the HHS after hip revision arthroplasty, from 44 to 81 [28].
To achieve this functional improvement, no further damage
to the abductors is essential. In our series the Trendelnburg
sign could be reduced from 60% preoperativly to 29% after
revision.

In another study following primary hip arthroplasty via
the lateral approach, 20% of the patients had a positive
Trendelenburg sign, indicating abductor muscle weakness;
after hip revision arthroplasty with the same approach,
the figure was as high as 63.3% of the patients [29]. These
data are consistent with the results of the present study.
To achieve this functional improvement, no further dam-
age to the abductors is essential. In a study of patients
who underwent total hip arthroplasty via the DAA in
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developmental dysplasia of the hip, slight impairment of
the gluteus minimus was noted 1 year postoperatively. No
damage to the gluteus medius was present. The fatty atro-
phy demonstrated on magnetic resonance imaging did not
have any effects on the HHS postoperatively [30].

Of course the large number of positive Trendelen-
burg signs in the present group is not due to previously
damaged gluteal muscles alone. Loosened implants and
malpositioning of the components also lead to a positive
Trendelenburg sign. So the present clinical results cannot
be attributed to the approach used alone, since qualitative
examinations of the musculature before and after the pro-
cedure were not carried out in the study. A stable fixation
of the implants with restoring the center of rotation is also
essential for good functional results [24-26].

In a study of patients who underwent total hip arthro-
plasty via the DAA in developmental dysplasia of the hip,
slight impairment of the gluteus minimus was noted 1 year
postoperatively. No damage to the gluteus medius was pre-
sent. The fatty atrophy demonstrated on magnetic reso-
nance imaging did not have any effects on the HHS post-
operatively [30]. But also a stable fixation of the implants
with restoring the center of rotation is essential for good
functional results [24-26].

The large number of positive Trendelenburg signs in
the present group of patients is not due to previously
damaged gluteal muscles alone. Loosened implants and
malpositioning of the components also lead to a positive
Trendelenburg sign. The present clinical results cannot
be attributed to the approach used alone, since qualita-
tive examinations of the musculature before and after the
procedure were not carried out in the study.

In a study including 3555 revision procedures follow-
ing total hip arthroplasty, the most frequent complications
observed were infection, at 17.3%; repeat revisions were
needed in 15.8% of cases; and dislocations occurred in
5.43%. In the present group as well, the revision rates
were higher than after primary procedures, although the
percentage was lower than in the study by Badarudeen
et al. [9]. It was notable that no dislocations occurred.
Cogan et al. reported a 6.6% dislocation rate and Mast
et al. reported 0% after isolated cup revision using the
DAA [15, 31]. These studies do not give any details of
the head sizes selected, which influence the disloca-
tion rates. In the present group of patients, head sizes of
36 mm or dual-mobility cups were often used, and these
also reduce dislocation rates [6]. In the literature only one
more study describes the results of the DAA in revision
hip arthroplasty. In 15 patients MoM arthroplasties were
revised through the DAA. After 6.7 years no rerevision
was required. One fracture of the greater trochanter and
four dysethesia of the lateral femnoral cutaneous nerve
were reported [32].
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In a cadaver study from 2006 it could be shown that an
uncompromised quality of the cement mantle of the femoral
stem can be achieved by using the DAA [33]. In our small
group of stem revisions all stems were cemented with no
further revision in our follow-up. Because of our inclusion
criteria and the small number of stem exchanges no conclu-
sion can be drawn. At the current time no clinical results
with a larger gruop of stem revisons exist. There are only
studies describing the distal extension to the femur for this
approach [34-36].

There are several limitations

The present study involved retrospective data collection
without a control group. Despite the inclusion and exclu-
sion criteria established, there is still some heterogeneity in
the group that makes comparison with the results of other
studies difficult. The number of patients involved is pretty
small. Descriptive statistics were mostly used, due to the
small number of cases.

Conclusions

The DAA represents a feasible option in hip revision arthro-
plasty. Anatomic reconstruction of the cup is reproducibly
possible. Good medium-term results can also be achieved.
Particularly in relation to dislocation, the complication rates
are low. Due to the learning curve, the DAA should only be
used in hip revision arthroplasty by those with sufficient
experience in primary THA. Adequate data regarding stem
revisions through the DAA are not available at the moment.

Funding None.

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Meermans G, Konan S, Das R, Volpin A, Haddad FS (2017) The
direct anterior approach in total hip arthroplasty: a systematic
review of the literature. Bone Joint J 99-B:732-740

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Christensen CP, Jacobs CA (2015) Comparison of patient func-
tion during the first six weeks after direct anterior or posterior
total hip arthroplasty (THA): a randomized study. J Arthroplasty
30:94-97

Meneghini RM, Pagnano MW, Trousdale RT, Hozack WJ (2006)
Muscle damage during MIS total hip arthroplasty: Smith-Petersen
versus posterior approach. Clin Orthop 453:293-298

Miiller M, Tohtz S, Dewey M, Springer I, Perka C (2010) Evi-
dence of reduced muscle trauma through a minimally inva-
sive anterolateral approach by means of MRI. Clin Orthop
468:3192-3200

Barrett WP, Turner SE, Leopold JP (2013) Prospective rand-
omized study of direct anterior vs postero-lateral approach for
total hip arthroplasty. J Arthroplasty 28:1634-1638

Hoell S, Sander M, Gosheger G, Ahrens H, Dieckmann R, Haus-
child G (2014) The minimal invasive direct anterior approach in
combination with large heads in total hip arthroplasty—is disloca-
tion still a major issue? A case control study. BMC Musculoskelet
Disord 15:80

Tsukada S, Wakui M (2015) Lower dislocation rate following
total hip arthroplasty via direct anterior approach than via poste-
rior approach: five-year-average follow-up results. Open Orthop
J9:157-162

Newman EA, Holst DC, Bracey DN, Russell GB, Lang JE (2016)
Incidence of heterotopic ossification in direct anterior vs posterior
approach to total hip arthroplasty: a retrospective radiographic
review. Int Orthop 40:1967-1973

Badarudeen S, Shu AC, Ong KL, Baykal D, Lau E, Malkani AL
(2017) Complications after revision total hip arthroplasty in the
Medicare population. J Arthroplasty 32:1954—1958

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

Babis GC, Sakellariou VI, Chatziantoniou AN, Soucacos PN,
Megas P (2011) High complication rate in reconstruction of
Paprosky type Illa acetabular defects using an oblong implant
with modular side plates and a hook. J Bone Joint Surg Br
93:1592-1596

Meermans G, Haddad FS (2010) Is there a role for tissue
biopsy in the diagnosis of periprosthetic infection? Clin Orthop
468:1410-1417

Rachbauer F, Krismer M (2008) Minimally invasive total hip
arthroplasty via direct anterior approach. Oper Orthopadie Trau-
matol 20:239-251

Putzer D, Haselbacher M, Hérmann R, Klima G, Nogler M (2017)
The deep layer of the tractus iliotibialis and its relevance when
using the direct anterior approach in total hip arthroplasty: a
cadaver study. Arch Orthop Trauma Surg 137(12):1755-1760
Mast NH, Laude F (2011) Revision total hip arthroplasty per-
formed through the Hueter interval. J] Bone Joint Surg Am
93(Suppl 2):143-148

DeLee JG, Charnley J (1976) Radiological demarcation of
cemented sockets in total hip replacement. Clin Orthop 121:20-32
Brooker AF, Bowerman JW, Robinson RA, Riley LH (1973)
Ectopic ossification following total hip replacement. Inci-
dence and a method of classification. J Bone Joint Surg Am
55:1629-1632

Lee GC, Marconi D (2015) Complications following direct ante-
rior hip procedures: costs to both patients and surgeons. J Arthro-
plasty 30:98-101

Mjaaland KE, Svenningsen S, Fenstad AM, Havelin LI, Furnes
O, Nordstetten L (2017) Implant survival after minimally invasive
anterior or anterolateral vs. conventional posterior or direct lateral
approach: an analysis of 21,860 total hip arthroplasties from the
Norwegian Arthroplasty Register (2008—-2013). J Bone Joint Surg
Am 99:840-847

@ Springer



126

Archives of Orthopaedic and Trauma Surgery (2019) 139:121-126

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ponzio DY, Poultsides LA, Salvatore A, Lee YY, Memtsoudis
SG, Alexiades MM (2018) In-hospital morbidity and postopera-
tive revisions after direct anterior vs posterior total hip arthro-
plasty. J Arthroplasty 33(5):1421-1425. https://doi.org/10.1016/].
arth.2017.11.053

De Geest T, Fennema P, Lenaerts G, De Loore G (2015) Adverse
effects associated with the direct anterior approach for total hip
arthroplasty: a Bayesian meta-analysis. Arch Orthop Trauma Surg
135(8):1183-1192

Soderquist MC, Scully R, Unger AS (2017) Acetabular placement
accuracy with the direct anterior approach freehand technique. J
Arthroplasty 32:2748-2754

Kawarai Y, Iida S, Nakamura J, Shinada Y, Suzuki C, Ohtori S
(2017) Does the surgical approach influence the implant align-
ment in total hip arthroplasty? Comparative study between the
direct anterior and the anterolateral approaches in the supine posi-
tion. Int Orthop 41:2487-2493

Kiyama T, Naito M, Shitama H, Maeyama A (2009) Effect of
superior placement of the hip center on abductor muscle strength
in total hip arthroplasty. J Arthroplasty 24:240-245

Pagnano W, Hanssen AD, Lewallen DG, Shaughnessy WJ (1996)
The effect of superior placement of the acetabular component on
the rate of loosening after total hip arthroplasty. J Bone Joint Surg
Am 78:1004-1014

Asayama I, Chamnongkich S, Simpson KJ, Kinsey TL, Mahoney
OM (2005) Reconstructed hip joint position and abductor muscle
strength after total hip arthroplasty. J Arthroplasty 20:414-420
Spanyer JM, Beaumont CM, Yerasimides JG (2017) The extended
direct anterior approach for column augmentation in the deficient
pelvis: a novel surgical technique, and case series report. J Arthro-
plasty 32:515-519

Gehrke T, Bangert Y, Schwantes B, Gebauer M, Kendoff D (2013)
Acetabular revision in THA using tantalum augments combined
with impaction bone grafting. Hip Int 23:359-365

@ Springer

29.

30.

31.

32.

33.

34.

35.

36.

von Roth P, Abdel MP, Wauer F, Winkler T, Wassilew G, Dieder-
ichs G, Perka C (2014) Significant muscle damage after multiple
revision total hip replacements through the direct lateral approach.
Bone Joint ] 96-B:1618-1622

Kawasaki M, Hasegawa Y, Okura T, Ochiai S, Fujibayashi T
(2017) Muscle damage after total hip arthroplasty through the
direct anterior approach for developmental dysplasia of the hip. J
Arthroplasty 32:2466-2473

Cogan A, Klouche S, Mamoudy P, Sariali E (2011) Total hip
arthroplasty dislocation rate following isolated cup revision using
Hueter’s direct anterior approach on a fracture table. Orthop Trau-
matol Surg Res 97:501-505

Bouveau V, Haen TX, Poupon J, Nich C (2018) Outcomes after
revision of metal on metal hip resurfacing to total arthroplasty
using the direct anterior approach. Int Orthop 42(11):2543-2548
Mayr E, Krismer M, Ertl M, Kessler O, Thaler M, Nogler M
(2006) Uncompromised quality of the cement mantle in Exeter
femoral components implanted through a minimally-invasive
direct anterior approach. A prospective, randomised cadaver study.
J Bone Joint Surg Br 88(9):1252-1256

Ghijselings SGM, Driesen R, Simon JP, Corten K (2017) Dis-
tal extension of the anterior approach to the hip using the femo-
ral interbundle technique: surgical technique and case series. J
Arthroplasty 32(7):2186-2190

Ghijselings SG, Driesen R, Simon JP, Corten K (2017) Distal
extension of the direct anterior approach to the hip: a cadaveric
feasibility study. J Arthroplasty 32(1):300-303

Nogler MM, Thaler MR, The Direct Anterior Approach for Hip
Revision (2017) Accessing the entire femoral diaphysis without
endangering the nerve supply. J Arthroplasty 32(2):510-514


https://doi.org/10.1016/j.arth.2017.11.053
https://doi.org/10.1016/j.arth.2017.11.053

	The minimalinvasive direct anterior approach in aseptic cup revision hip arthroplasty: a mid-term follow-up
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	There are several limitations
	Conclusions
	References


