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Advancements for an approved component positioning
in hip arthroplasty with navigation technique
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Total joint replacement is one of the most successful operative
procedures in orthopaedics. Independently, which technique is
used, we have to pay enormous attention to the correct positioning
of the joint components. In order to match these demands, we trans-
ferred our imageless navigation technique, we are using since 2001
in knee arthroplasty for the use of knee navigation. While performing
our micro-hip operation technique, we use the brainlab naviga-
tion equipment with rich-trackers on the pelvis and the thight for
a real time data acquisition without preoperative imaging technique
like CT. We examined our developed new navigation technique
in prospective randomized controlled trials. The placement of the
components has been assessed by postoperative CT, which con-
firmed the accuracy of the component position. The navigation
system allows us to measure leg length and offset with different
head combinations, until we reach the desired free range of mo-
tion. Authors call this method «imageless-navigation-techniquey.
The additional time for the operative procedure was approximately
10 minutes per operation. The advantage of our development
is, that we achieved to get a technique which is easy to handle for
the surgeon, who is concentrated on the operative procedure itself
and not on the navigation system and which allows a save and
an reliable procedure. Key words: total joint replacement, intraop-

erative navigation, endoprothesis positioning, hip joint.

Dunoonpomesuposanue A6naemcs 0OHUM U3 Haubonee YCneuHvlx
Xupypeuueckux emewiamenbcme ¢ opmoneouu. Hezasucumo om
UCTIONB3YEMOT XUPYPSULECKOU MEXHUKU HEOOX00UMO YOelAmb npu-
CcmanbHoe BHUMAHUe NPAsUILHON YCIMAHOBKe KOMNOHEHNO08 IHOO0-
npomesa. J[is 6bINOAHEHUS OAHHBIX MPEOOBAHUIL ABMOPbI USMEHUTU
PA3PADOMAHHYIO paHee HABULAYUOHHYIO CUCIEMY, KOMOPYIO UC-
NONB306AIU NPU SHOONPOMEIUPOBAHUU KOTLEHHO20 CYCMABA HAYUHAS
¢ 2001 200a. Bo 6pems « MUKpo-mazobeo0peHH020» Xupypeuiecko2o
6MEUAMenbCMEa NPUMEHEHO HABULAYUOHHOE 0DOPYO0BAHIUE, KOMO-
pO€e COCMOANO0 U3 YCMAHOBNEHHBIX HA MA3 0AMYUKOS, OCYUjeCne-
JSIOUUX COOp MEKYWux OaHHbIX Oe3 aHAIU3Aa NPe0onepPayoOHHOL
KT. D¢ppexmuernocmv OanHou memoouku npogepeHa npu npo-
6e0eHuU NPOCNEeKMUBHbIX PAHOOMUSUPOBAHHBIX UCCLEO0BANU.
ITonoscenue ycmanosnentvix KOMROHEHNO8 IHOONPOME3A KOHMPO-
Jauposanu ¢ nomoubio nocireonepayuonnoti KT, noomsepacoaiowyeti
mounocmy ycmanogku umnianmama. ITocie ycmanosxku mepHuix
WabI0HO8 MA308020 U OEOPEHHO20 KOMNOHEHNOB CUCIEMA NO360TIAN
usMepANs ONUHY KOHEUHOCU U WelKU SHOONPOME3a NPU UCHONb30-
BAHUY PASTUMHBIX MUNOPAZMEPOB €20 20108KU 00 MOMEHMA 00CHU-
JHCeHUs 00CMamMOUH020 00beMa Osudcenull. Aemopul Ha36anU
€8Ol MeMOO HABU2AYUU «HEBU3YATUSUPOBAHHOU HABULAYUOHHOU
mexnuxoiy. Ee npumenenue ysenuyuno epems xupypeuieckoeo
emeutamenvemea na 10 mun. OCHOBHBIM NpeUMyUecmeom paspa-
OOMAaHHOU MEXHUKU ABIAEMCA J1e2KOCb UCHONb306AHUA XUPYPSOM,
KOMOPbill, KaK npasuio, 6 601buiell Cmenenu CKOHYeHmpuposam Ha
X00€ XUPypeUiecKo20 6MewamenbCmea u He OONHCeH OMeaeKamscs
Ha Hasueayuonuylo cucmemy. Kniouegvie crnosa: momansHoe -
oonpomesuposanue, UHMPAONEPAYUOHHAS HABULAYUS, NOTOHCEHUE
9HOOnpomesa, mazodeopenusblil Cycmas.

Key words: total joint replacement, intraoperative navigation, endoprothesis positioning, hip joint

Total joint replacement is one of the most success-
ful operative procedures in orthopedics. The number
of operations is increasing worldwide. Nevertheless
we have to be aware of possible problems. Namely
dislocation, increase material wear and limited range
of motion. In order to improve the operative technique
and enable faster mobilization of the patient, we de-
veloped a special operative procedure: micro-hip [1]
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Independently, which technique is used, we have
to pay enormous attention to the correct positioning
of the joint components. In order to match these de-
mands, we transferred our imageless navigation tech-
nique, we are using since 2001 in knee arthroplasty for
the use of knee navigation.

The aim of navigation is a most accurate placement
of the acetabula component and the femoral stem, thus
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avoiding major biomechanical problems of THA. One
severe problem is early dislocation [2—5]. Another one
is impingement, leading to component wear and loosen-
ing as well as limited range of motion and pain [6, 7].

With the procedure we developed, we are following
the concept of a «combined anteversion». Therefore
we start with the preparation of the femur (femur-first-
technique) and choose the position of the acetabular cup
according to the concept of Widmer. He figured out, that
acetabular anteversion and femur antetorsion should
together have a combined anteversion of 37°. On the
one hand our navigation technique is orientated accord-
ing to patients individual bony anatomy, on the other
hand we have to considered the intended containment
ofthe acetabular cup of 70 % of the surface and we have
to performed a soft tissue balancing, which enables
an ideal functional component orientation, matching our
aims of maximum range of motion, a reduced risk for
postoperative wear, impingement and dislocation [8].

Technical procedure

While performing our micro-hip operation tech-
nique, we use the brainlab navigation equipment with
rich-trackers on the pelvis and the thight for a real
time data acquisition without preoperative imaging
technique like CT. Thus our method is called imagefree-
or imageless-navigation-technique. Thus acquiring
anatomic data intraoperatively.

Starting with the femur

Experienced hip surgeons know, that the final
antetorsion of the femoral stem, especially increased
antetorsion cannot be changed when fixing cementless
stems. Just in the final, deep positioning of the stem it
sometimes gets increased and distortion due to the indi-
vidual anatomical contour of the proximal femur.
This can create enormous instability problems if the
surgeon has aimed at a strict anteversion of the cup
of 15° or accidently produced even more anteversion.
In order to prevent anterior dislocation Widmer created
his concept of combined antetorsion of 37°.

Only if the final antetorsion of the femur is known,
the acetabular component can adjusted in appropriate
combined antetorsion thus allowing an optimal articula-
tion without risk of dislocation and impingement due
to the component placement.

Adjusted cup placement

Following the Widmer concept we have to modify
Lewinnek «save-zoney». The desired inclination of the
cup stays at (40° £ 10°) whereas the anteversion has
strictly been chosen in consideration to the femoral
stem antetorsion.

Of course we consider, that the cup placement has
to be done in a way that the cup is sufficiently covered
by bone (< 70 %) and does not lead to a softtissue
impingement especially of M. Psoas. This way of po-
sitioning of the cup is possible due to the navigation
system with registrating the bony rim of the acetabulum
and the deep central cavum (Fig. 1).

Advantages of the three D-visualization

Having placed the trial components for stem and
cup, the navigation system allows us to measure leg
length and offset with different neck and head combina-
tions, until we reach the desired free range of motion
without impingement or dislocation. It is a further
advantage of our micro-hip-technique, that the patient
is positioned on the side and that the leg, we operate
on, is completely free in moving in flexion, extension
and rotation, so that we can test the critical motion,
especially in extension external rotation and in flexion
an innerrotation (Fig. 2).

First results

We examined our developed new navigation tech-
nique in prospective randomized controlled trials [1, 8].
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Fig. 2. Check of range of motion during intraoperative testing
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The placement of the components has been assessed
by postoperative CT, which confirmed the accuracy
of the component positon. In our study the additional
time for the operative procedure was approximately
10 min per operation. We have seen the big advantages
of combining the ideal neck-shaft angel for offset and
leg length and the optimal matching of cup and stem.

We meanwhile perform this technique since five
years. Quite a number of companies are now offering
fist navigation systems for THA. The advantage of
our development is, that we achieved to get a tech-
nique which is easy to handle for the surgeon, who is
concentrated on the operative procedure itself and not
on the navigation system and which allows a save
and an reliable procedure.

Conflict of interest. The authors is involved in studys for De
Puy Synthes and Brainlab.

References

1. Impingement-free range of movement, acetabular component
cover and early clinical results comparing «femur-first»
navigation and «conventionaly» minimally invasive total hip
arthroplasty: a randomised controlled trial / T. Renkawitz,
M. Weber, H. R. Springorum [et al.] // Bone Joint J. — 2015.

DOI: http://dx.doi.org/10.15674/0030-59872016275-77

— Vol. 97-B (7). — P. 890-898, doi: 10.1302/0301-620X.9
7B7.34729.

Economic evaluation in total hip arthroplasty: analysis and
review of the literature / K. J. Bozic, K. J. Saleh, A. G. Rosen-
berg, H. E. Rubash // J. Arthroplasty. — 2004. — Vol. 19 (2).
— P. 180-189.

Australian Orthopaedic Association. National Joint Re-
placement Registry: Annual Report 2010. — Access mode:
http:\\aoanjrr.dmac.adelaide.edu.au/documents/10180/42844/
Annual%20Report%202010?version=1.1&t=1349406187793.
National Joint Registry of England and Wales. 5" annual report.
— Access mode: http://www.njrcetre.org.uk/njrcentre.org.
uk/njrcentre/Portals/0/Documents/England/Reports/5th%20
Annual.pdf.

Malik A. Impingement with total hip replacement / A. Malik,
A. Maheshwari, L. D. Dorr //J. Bone Joint Surg. Am. — 2007.
— Vol. 89 (8). — P. 1832-1942.

Impingement in total hip arthroplasty a study of retrieved
acetabular components / W. Y. Shon, T. Baldini, M. G. Pe-
terson [et al.] // J. Arthroplasty. — 2005. — Vol. 20 (4). —
P. 427-435.

Brown T. D. Impingement in total hip replacement: mecha-
nisms and consequences / T. D. Brown, J. J. Callaghan // Curr.
Orthop. — 2008. — Vol. 22 (6). — P. 376-391.
Computer-assisted total hip arthroplasty: coding the next
generation of navigation systems for orthopedic surgery /
T. Renkawitz, M. Tingart, J. Grifka [et al.] // Expert. Rev. Med.
Devices. — 2009. — Vol. 6 (5). — P. 507-514, doi: 10.1586/
erd.09.34.

The article was received at editorial office 13.05.2016

[TPOI'PECC B COBEPIIEHCTBOBAHMU BEPUOUKALIMUA ITOJIOKEHU A
KOMITOHEHTOB SHZIOITPOTE3A TA3SOBEJIPEHHOI'O CYCTABA
[TPU TTIOMOIIMN HABUTAITMOHHOW TEXHUKH

I'pucxa Ix.

Optoneanyeckas KIMHAKA yHUBepcuTeTa PerencOypra. ['epmanmus

<l Joachim Grifka, MD, Prof.: j.gritka@asklepois.com



