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As many clinicians know, hip arthroplasty is a 
very successful surgical intervention to improve 
the function and satisfaction of those with hip 
pathologies. While surgeon experience and skill 
can certainly maximize successful outcomes, out-
liers can exist across the spectrum of surgeon acu-
men and approaches. This success can be tempered 
by functional issues related to implant position 
including cup position, proper leg length, and off-
set restoration. The importance of cup position for 
successful outcome during hip arthroplasty has 
been well studied. Safe zones of acetabular cup 
position have been described in several studies. 
Lewinnek et al. determined a safe zone as 30° to 
50° of abduction and 5° to 25° of anteversion not-
ing increased dislocation rates outside these zones 
[1]. Barrack et al. determined the safe zone to be 
35° to 50° abduction and 10° to 30° of anteversion 
to mitigate dislocation [2]. Despite surgeon famil-
iarity with these safe zones reliably attaining them 
during total hip arthroplasty is less than assured.

Interestingly, surgeon experience has been 
found to not always assure cup and stem position 
by visual intraoperative estimation during stan-
dard and minimally invasive approaches [3, 4]. 

Callahan et  al. reported experienced surgeons 
using visual clues alone in 1823 cups studied 
only half were found to be within the combined 
target zones of 30° to 45° abduction and 5° to 25° 
anteversion [4]. Implant positioning can also 
influence complications such as dislocation [1, 2, 
5–7], accelerated bearing surface wear and 
reduced implant longevity [5, 8–12], impinge-
ment with resultant limited range of motion [13], 
and even catastrophic failure [14–16].

Computer-assisted orthopedic surgery tech-
nologies in total hip arthroplasty have been 
developed to assist the surgeon in optimizing 
implant positioning and promoting improved 
patient satisfaction and outcomes. The introduc-
tion of intraoperative fluoroscopy was a signifi-
cant advancement in total hip arthroplasty, 
enabling guidance of implant placement. 
Fluoroscopy can be used to facilitate decision 
making and provide real-time qualitative infor-
mation on implant positioning including estima-
tion of comparative leg length and offset. Beamer 
et al. have found fluoroscopy to improve the odds 
of placing the cup into the surgeon’s safe zone 
abduction 30° to 45° and anteversion of 5° to 25° 
using different approaches during primary, con-
version, and revision total hip arthroplasty [17].

The supine position in direct anterior approach 
allows surgeons to adopt fluoroscopy into their 
workflow. Intraoperative fluoroscopy is a readily 
available, affordable, and facile enabling technol-
ogy in direct anterior approach and predated the 
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computer-assisted orthopedic surgery systems of 
today. J. Martin et al. compared anatomic compo-
nent positioning in 100 patients using posterior 
approach without fluoroscopy to 100 direct ante-
rior approach patients with fluoroscopy [18]. 
Direct anterior approach provided more accurate 
restoration of leg length, femoral offset, and total 
offset than imageless posterior approach. Direct 
anterior approach also provided more ideal cup 
abduction and anteversion than posterior 
approach [18].

Rathod et  al. compared direct anterior 
approach with fluoroscopy to posterior approach 
without fluoroscopy including those cases con-
sidered during the learning curve of direct ante-
rior approach [19]. They reported reduced 
variances in cup inclination and anteversion were 
significantly lower than the direct anterior 
approach group with target inclination and ante-
version achieved more reliably (98% and 97% 
respectively) compared to the posterior approach 
group (86% and 77% respectively). Even during 
the learning curve of direct anterior approach, 
target inclination was attained in 95% and ante-
version 91% of cases reviewed [19]. While fluo-
roscopy was readily accepted as a qualitative tool 

into the direct anterior approach surgeon’s work-
flow, it lacked granular, quantitative data for opti-
mizing intraoperative decision making. The need 
for more quantitative data delivery systems 
around the readily available fluoroscopy left 
opportunities for innovation in total hip 
arthroplasty.

Computer-assisted orthopedic surgery has 
rapidly expanded over the past three decades to 
include four basic technologies (Fig. 39.1):

•	 Computer-assisted preoperative planning
•	 Computer-assisted navigation
•	 Robotics
•	 Patient-specific surgical templates

Many of proprietary systems available today 
incorporate two or more of these technologies to 
minimize inaccuracies while attempting to opti-
mize efficiency during hip arthroplasty. 
Navigation platforms typically incorporate 
computer-assisted preoperative planning into 
their workflows whereas robotics require 
computer-assisted preoperative planning and 
navigation to direct the action of the robotic 
device.
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Fig. 39.1  Computer-assisted orthopedic surgery (CAOS) in total hip arthroplasty comprises four basic technologies
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�Computer-Assisted Preoperative 
Planning

Preoperative planning with acetate film has long 
been supplanted by digital and computer-assisted 
preoperative planning. Most arthroplasty sur-
geons are versed in the many computer-assisted 
preoperative planning platforms. These platforms 
allowed more capable computer-assisted guid-
ance technologies to evolve. Computer-assisted 
guidance aims to augment fluoroscopy providing 
more detailed and robust qualitative guidance 
experience for the surgeon. In general terms, 
guidance is providing information aimed at 
resolving a problem or question and maybe con-
sidered more qualitative in nature. Conversely, 
navigation requires detailed quantitative infor-
mation to afford an objective. Preoperative plan-
ning allows guidance, as does intraoperative 
fluoroscopy, but typically lack the accurate data 
computer-assisted navigation systems provide.

�Computer-Assisted Navigation

Computer-assisted navigation for hip arthro-
plasty developed in the 1990s with advancements 
in three-dimensional sensor technology. In gen-
eral terms, navigation is considered a process of 
accurately ascertaining position and then plan-

ning to execute a planned route. Prior to 
computer-assisted navigation, acquiring accurate 
acetabular and femoral positions for implant 
placement lacked quantitative data in millimeters 
and degrees. Computer-assisted navigation tech-
nologies germinated and evolved quickly in the 
early 2000s to help address the quantitative defi-
ciencies with conventional visual, mechanical, 
and fluoroscopic techniques. Computer-assisted 
navigation systems strived to allow surgeons to 
accurately plan and place implants to the level of 
millimeters and degrees not previously attainable 
with conventional techniques and mitigate the 
potential for radiographic outliers.

Computer-assisted navigation and computer-
assisted guidance systems are considered passive 
technologies which provide information to guide 
surgeon decisions and actions using conventional 
tools. Computer-assisted navigation and 
computer-assisted guidance do not physically 
control the surgeon’s actions as robotic systems 
do. Computer-assisted navigation systems are 
typically image-based or imageless in the way 
the surgeon acquires the data for intraoperative 
decision making. Image-based systems rely on 
either preoperative computed tomography (CT) 
scans or intraoperative fluoroscopic images. 
Image-based systems may be considered nonin-
vasive, taking indirect measurements of the rele-
vant bony anatomy (Fig. 39.2).

Computer Assisted Navigation (CAN) and Guidance (CAG)

Imageless Image-based
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Fig. 39.2  Computer-assisted navigation and guidance systems
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Image-based systems may be considered more 
favorable to surgeons as they take indirect radio-
graphic measurements instead of direct measure-
ments from reference arrays requiring placement 
of invasive anatomical reference pins in the pel-
vis and femur. The amount of time it takes to reg-
ister the bony anatomy using either imageless or 
image-based computer-assisted navigation sys-
tems seems highly variable between technologies 
and may impose significant learning curves for 
the surgical team.

�Imageless Navigation

Imageless navigation systems first on the market, 
such as Zimmer Computer-Assisted Surgery 
(CAS) (Zimmer Biomet, Warsaw, IN), Stryker 
OrthoMap Navigation (Stryker, Kalamazoo, MI, 
USA), and BrainLab Navigation (BrainLab, 
Munich, Germany) required drilling of pins into 
the pelvis and sometimes femur, to place passive 
optical trackers which are monitored by the three-
dimensional active optic tracker station near the 
operative field. Accurate registration of acetabu-
lar and femoral landmarks are recorded with an 
optically tracked probe. The registration of land-
marks and stability of the anatomic trackers is of 
the paramount importance in accuracy and suc-
cess of these procedures. Cup position, notably 
inclination and anteversion, as well and changes 
in leg length and often offset, are displayed in 
real-time to the surgeon with these imageless 
systems.

The value of these technologies would be 
based on the accuracy of the data and the preci-
sion and efficiency of the input of the registration 
steps. With careful registration, data could be 
reliable, providing real-time feedback to the sur-
geon to make data-driven decisions on implant 
position and functional metrics. Continual 
advancements in computers, optics, and tracker 
technology hope to provide improved accuracy 
and efficiency over older systems. Some image-
less computer-assisted navigation systems are 
universal with any implants, and some had to be 
used for optimal data capture with a specific 
implant company. With the infrequency of intra-

operative imaging being used in approaches like 
posterolateral, lateral, and anterolateral when the 
patient is placed in the lateral decubitus position, 
the appeal of this data was to compliment the 
standard techniques which relied heavily on sur-
geon experience and skill. Surgeons and 
approaches which found fluoroscopy cumber-
some were the beneficiaries of imageless naviga-
tion system development. These systems 
reinforced the desire to minimize the use of ion-
izing radiation for certain approaches and 
surgeons.

The efficacy and accuracy of imageless 
computer-assisted navigation systems to reduce 
outliers and improve implant position, including 
cup position and leg length discrepancy, when 
compared to standard techniques has been 
reported [20–22]. While in general, these systems 
are effective, accurate, and reliable when regis-
tration is realized they rarely improve efficiency 
and reduce operative times [21]. To the contrary, 
Kruezer et  al. reported minor operative time 
reductions with imageless computer-assisted 
navigation versus conventional direct anterior 
approach theorizing the supine positioning allows 
a less cumbersome registration process than lat-
eral positioned approaches [23]. Despite these 
radiographic, safety, and potential efficiencies 
benefits, significant improvements in clinical out-
comes have yet to be realized for imageless 
computer-assisted navigation systems [20, 21].

The navigation systems were somewhat 
agnostic to the approach and could be used for 
anterior approach as well as the more common 
approaches when these products were intro-
duced. As the percentage of anterior approach 
total hip arthroplasty cases increased, these prod-
ucts become more frequently used in settings 
which were less common on their initial release. 
With anterior approach, some advantages to reg-
istration were seen, as the anterior superior iliac 
spine (ASIS), for example, access to both sides 
was more readily available.

Certain cup analytics, such as defining cup 
position off of the anterior pelvic plane, became 
easier with patients in the supine position. These 
registration points could be done as well on the 
lateral decubitus position, but often needed to be 
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registered prior to this positioning. This could 
create a workflow disruption, as some level of 
sterility was needed as the pins would need to be 
drilled into the pelvis for this portion of the regis-
tration prior to final positioning. Often, surgeons 
would forgo this registration and the applicable 
data when using this technology in the lateral 
decubitus position and would register functional 
plane of the pelvis.

The advantage of the registration of both ASIS 
during supine positioning was partly offset by the 
disadvantage of having the pelvic tracker on the 
ilium during femoral preparation. During ante-
rior approach surgery, femoral exposure and 
broaching would often compete with the same 
real estate as the tracker on the same side of the 
ilium. Any distortion of the pins in the pelvis dur-
ing femoral preparation would cause error in 
data, most notably leg length and offset. Smaller 
trackers with the newer navigation systems would 
help this problem somewhat as well as placing 
the tracker on the contralateral ilium. This could 
provide some workflow challenges, but naviga-
tion systems are successfully used in anterior 
approach total hip arthroplasty.

The adoption of this technology among sur-
geons was based on the upside of the data output 
of the navigation system versus the downside of 
potential time to the case, change in surgeon 
workflow, and most often large cost to the hospi-
tal system for the additional capital, software, 
and disposable costs. Additional navigation sys-
tems, such as Intellijoint HIP ® (Intellijoint 
Surgical, Inc., Kitchener, ON, Canada) (Fig. 39.3) 
and HipAlign® (OrthAlign, Inc., Aliso Viejo, 

CA, USA) attempted to address some of the cost 
concerns, portability, and potentially improved 
ease of use. Although these systems still required 
registration steps and pins to be drilled for data, 
they attempted to appeal to a larger user popula-
tion by addressing some of the concerns of the 
initial product offerings.

�Image-Based Navigation

Image-based navigation systems have evolved in 
parallel to the imageless systems. Similarly, to 
imageless systems, image-based navigation has 
advantages and disadvantages. Image-based sys-
tems in orthopedic surgery are comprised of vol-
umetric imaging including magnetic resonance 
imaging (MRI), CT, and even new ultrasound 
technologies and nonvolumetric imaging like 
two-dimensional and three-dimensional fluoros-
copy. CT-based and two-dimensional 
fluoroscopic-based systems have been the focus 
of most imaged-based navigation systems in total 
hip arthroplasty. CT and fluoroscopic platforms 
expose the patient to ionizing radiation whereas 
the use of fluoroscopy alone exposes the surgeon, 
patient, and surgical team. The exposure to sur-
geon and patient during direct anterior arthro-
plasty has been recently studied [25–27].

McNabb et al. reported fluoroscopy use dur-
ing direct anterior hip arthroplasty does not pose 
undue radiation exposure risk to the patient or 
surgeon [25]. Curtin et al. reported during a direct 
anterior approach using fluoroscopy the total 
radiation exposure was nearly identical to previ-
ous published values for a screening mammogra-
phy (3 m Gy) and four times less than a standard 
chest CT (13 m Gy) [26]. They concluded while 
it is difficult to ascertain the exact patient-
absorbed radiation, their data suggest a one-time 
exposure during the approach is likely negligible. 
Pomeroy et al. concluded a surgeon would need 
to perform greater than 300,000 direct anterior 
approach total hip arthroplasty to exceed the 
800 m Gy cataract threshold dose but leaving the 
decision to use protective glasses to surgeon dis-
cretion [27].Fig. 39.3  Intellijoint HIP mini navigation system as 

depicted in Bradley et al. [24]
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Increasing surgical time is a concern for 
patients and surgeons alike. The use of many 
technologies requiring data acquisition increases 
surgical times for the advantage of more accurate 
surgical execution and improved patient out-
come. A comparative study by Hube et  al. 
reported both CT and fluoroscopy-based systems 
increased surgical time over manual techniques 
with CT-based requiring significant preoperative 
planning with less intraoperative time and 
fluoroscopic-based requiring no preoperative 
planning but more intraoperative time for setup 
and analysis [28]. Both technologies provided 
similar accuracy in the mean variation of postop-
erative abduction angle with preoperative plan-
ning. CT-based systems had the advantage of 
three-dimensional feedback on landmarks but 
required time-consuming preoperative planning. 
Hube et al. concluded fluoroscopy-based method 
may be utilized for routine cases with normal 
anatomy and lesser deformities while there may 
be advantages to utilizing CT-based methods for 
complex deformities [28].

CT-based navigation was first used by Digiola 
et al. in 1998 to improve accuracy of acetabular 
component placement in total hip arthroplasty 
[29]. CT-based navigation yields improved accu-
racy over conventionally placed acetabular com-
ponents while also being effective in both anterior 
and posterior approaches [30, 31]. Sugano et al. 
in a long-term follow-up study found reduced 
dislocation and impingement related mechanical 
complications resulting in revision of cementless 
total hip arthroplasty and ceramic bearing sur-
faces [31]. Barriers to CT-based navigation have 
included time-consuming CT preoperative plan-
ning, increased time, cost, and logistical planning 
with the added radiation exposure [32].

Fluoroscopy-based navigation is a recent evo-
lution in computer-assisted navigation. 
Historically, invasive navigation systems were 
infrequently used with anterior approach due to 
the prevalence of fluoroscopy adoption. More 
commonly, surgeons performing anterior 
approach total hip arthroplasty would use fluo-
roscopy to provide qualitative implant position-
ing data. The accuracy and need for fluoroscopy 
during direct anterior approach has been ques-

tioned by some authors [33] yet embraced by oth-
ers [17]. Fluoroscopic images and their 
interpretation can be affected by patient size, 
positioning, and C-arm position. The initial setup 
of the C-arm and stable supine patient position-
ing is helpful to aid interpretation throughout the 
case as pelvic motion can confound decision 
making. Shah et al. reported intraoperative pelvic 
motion occurred during 86.4% (19/22) direct 
anterior approach total hip arthroplasty starting 
in a neutral position trending toward extension by 
cup impaction [34]. Rolling of the pelvis was 
also reported. They noted the predicted change in 
cup version of ≥5° due to changes in pelvic posi-
tion was seen in 32% (7/22) patients. Shah con-
cluded, “although minor, changes in pelvic 
position do occur during supine total hip arthro-
plasty which may affect acetabular orientation” 
[34].

A learning curve is typical for new adopters of 
fluoroscopic-assisted direct anterior approach 
total hip arthroplasty as complications decline 
with experience [35]. Difficulties with interpret-
ing x-ray and fluoroscopic images led to even the 
most experienced pelvic surgeon like Jeff Mast, 
to described interpretation as “the misery of 
x-rays”. X-ray images are shadows which can be 
distorted leading to misinterpretation, hence the 
misery for the orthopedic surgeons.

Jang et al. reported the accuracy of perceived 
cup anteversion and inclination to minor varia-
tions in C-arm tilt angles [36]. They noted with 
just 10° of caudal or cephalad C-arm tilt led to a 
9° and 10° error and perceived cup anteversion 
and inclination respectively. James et  al. found 
total hip arthroplasty relying on routine intraop-
erative fluoroscopic anteroposterior pelvic imag-
ing utilizing the accepted coccyx to pubis distance 
resulted in 95% (39/41) hips being placed in 
unrecognized excess anteversion and inclination 
due to imaging the pelvis in extension [37]. They 
recommended positioning the C-arm so the size 
and shape of the obturator foramen matches the 
standing preoperative anteroposterior pelvis 
x-ray. James goes on to explain, “this technique 
will allow for the native standing pelvic tilt to be 
accounted for intraoperatively and will result in 
the least variation in intraoperative and postop-
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erative standing acetabular component orienta-
tion” [37]. The dichotomy of opinions and 
concerns left opportunities to improve the guid-
ance capabilities of fluoroscopy and spurred the 
need for more quantitative data acquisition to 
augment and aid in true surgical navigation of 
total hip arthroplasty.

At the time of writing this chapter, VELYS™ 
Hip Navigation (DePuy Synthes © West Chester, 
PA, USA) is the only navigation system using 
fluoroscopy during anterior approach hip arthro-
plasty surgery. Other technologies use the images 
to provide surgeon feedback on implant position-
ing and leg length and offset include OrthoGrid 
Hip (OrthoGrid Systems, Inc., Salt Lake City, 
UT, USA) and Radlink (Radlink, Inc., El 
Segundo, CA, USA). Surgeons would also use 
other techniques, not technology, to help inter-
pret the images for feedback. These techniques 
have been described as printing out overlays, 
using measurement tools, and guide rods. The 
success of these techniques has not been widely 
described and are presumed to depend on the user 
experience in understanding their limitations. 
Additional description will follow on these tech-
nologies assimilate with fluoroscopy making 
them more relevant for anterior approach hip 
arthroplasty surgery.

�OrthoGrid

OrthoGrid Hip is an intraoperative surgical appli-
cation designed specifically for direct approach 
total hip arthroplasty. The technology may be 
best known for its ability to correct fluoroscopic 
distortion, which can easily go unrecognized. 
Image intensified C-arms, common in many 
operating rooms around the world, are subject to 
fluoroscopic distortion primarily as a result of 
electromagnetic interference. When unaccounted 
for, distortion may affect the interpretation of 
component positioning during direct approach 
total hip arthroplasty, resulting in limb-length 
discrepancies and undesirable patient outcomes” 
[38]. Figure  39.4 demonstrates OrthoGrid Hip 
distortion correction technology enabling more 

accurate image guidance during direct approach 
total hip arthroplasty (Fig. 39.4).

Along with distortion correction, OrthoGrid 
Hip provides key tools and templates that enable 
surgeons to objectively assess and accurately 
evaluate component positioning and restoration 
of hip mechanics, such as cup inclination, hip 
offset, and leg length. In a study comparing direct 
approach total hip arthroplastys performed using 
fluoroscopy with and without the use of 
OrthoGrid, acetabular inclination, limb length 
restoration, and hip offset restoration were all 
improved with the use of OrthoGrid [39]. A dif-
ferent study comparing the analog OrthoGrid 
Drone system to the digital system concluded 
that the OrthoGrid Hip digital gridding system 
“demonstrated an efficient method for consistent 
and accurate cup positioning and restoration of 
hip symmetry following direct approach total hip 
arthroplasty,” and showed lower overall surgical 
and fluoroscopy times compared to the analog 
system [40].

�Radlink

Radlink was the first Picture Archive and 
Communication System (PACS) system to mar-
ket provided data for the surgeon using intraop-
erative imaging. The company leveraged imaging 
being captured from flat plate technology as well 
as from a fluoroscopy C-arm, making the tech-
nology applicable for both supine and in the lat-
eral decubitus position. The software/hardware 
company provided meaningful data for hip 
arthroplasty surgery, including guidance for cup 
position, leg length, and offset. The system has a 
tower and monitor allowing implant representa-
tives and surgeons preoperative planning and 
intraoperative guidance. Radlink provides an 
intraoperative cup position ellipse for qualitative 
inclination and abduction estimates (Fig. 39.5).

Hamilton et al. utilized Radlink’s cup posi-
tioning ellipse and reported improved accuracy 
and precision of cup placement [41]. The sys-
tem allowed the surgeon to target a preselected 
ellipse with 40° abduction and 20° anteversion 
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during cup impaction was measured for accu-
racy with postoperative radiographs. The mean 
abduction angle was 40.4° (range 32.7° to 
51.1°) for the computer-guided group and 42.3° 
(range 33.7° to 51.1°) for the fluoroscopic 
group. The computer-guided cups were signifi-
cantly closer to the predetermined targeted 
abduction angle of 40 ° (P  <  0.001). They 
reported a modest increase in surgical and fluo-
roscopy times over their routine fluoroscopy 
alone techniques. Surgical time for the impac-
tion of the cup increased from 4:58  minutes 
with fluoroscopy alone to 7:04 minutes with the 
computer-assisted guidance group (P < 0.001). 
Fluoroscopic times were increased slightly 
from 11.1  seconds to 12.9 with the guidance 

system (P < 0.001). Hamilton noted, “although 
both groups showed accurate and precise place-
ment, and on-screen guide to assist with posi-
tioning may help a less experienced surgeon 
even more” [41].

The system also provides an overlay analysis 
which is a colored digital outline of the pelvic 
anatomy similar to the manual fluoroscopic 
printer acetate overlay technique direct anterior 
approach surgeons are historically familiar with 
(Fig. 39.6). Radlink’s digital overlay technology 
allows the surgeon to appreciate relative resultant 
pelvic anatomies throughout the procedure. The 
technology helps guide surgeons in selecting the 
implant size and morphology after reduction of 
trial implants and allows comparison to both ipsi-
lateral and contralateral hips.

a b c

Fig. 39.4  (a) Distortion makes operative extremity appear short, (b) with distortion correction, the limb lengths are 
very close, and (c) this is confirmed on post-operative imaging

Fig. 39.5  Radlink anteversion and inclination ellipse

Fig. 39.6  Radlink digital overlay of intraoperative trials 
and contralateral hip anatomy
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At completion of the surgery and before 
wound closure, the surgeon can take five overlap-
ping fluoroscopic spot images across the pelvis. 
The software then digitally stitches these images 
together providing the surgeon a panoramic view 
of the entirety of the pelvic anatomy analogous to 
taking an intraoperative low anterior-posterior 
(AP) pelvis flat plate x-ray (Fig. 39.7). The sys-
tem is agnostic for implant vendors.

�VELYS Hip Navigation

Described as the first and currently only technol-
ogy described as fluoroscopic guided navigation 
for hip arthroplasty, VELYS Hip Navigation, for-
mally JointPoint, incorporates images acquired 
during surgery and provides data on cup position, 
leg length, and offset. There are some notable dif-
ferences to the aforementioned imageless naviga-
tion systems in this chapter.

The VELYS Hip Navigation system is non-
invasive, as no pins are required to be placed in 
the pelvis and/or femur. Additionally, the regis-
tration steps are often performed by a consultant 

not in the surgical field. The technology is pri-
marily software-based, as it runs on computers 
communicating with the fluoroscopic C-arm. 
This allows the surgical field to remain clear of 
excess tools and instruments. Both qualitative 
and quantitative data are displayed on a touch 
screen monitor (Fig.  39.8). Most computer-
assisted guidance, computer-assisted navigation, 
and robotic systems have a monitor for surgeons 
to preoperatively plan and make intraoperative 
changes to surgical plan. Navigation and robotics 
allow for quantitative assessments using millime-
ters and degrees.

The monitor allows the industry representa-
tive and surgeon to manipulate and make mea-
surements from the preoperative pelvic 
radiographs for templating and later fluoroscopic 
images obtained before, during, and after surgery 
(Fig. 39.9).

The leg length and offset data provided in 
VHN is displayed in a chart called OneTrial™ 
(DePuy Synthes Orthopaedics, Inc., Palm Beach 
Gardens, FL, USA) (Fig. 39.10). The purpose of 
this chart is to allow the surgeon to not only see 
the current leg length and offset situation with the 

Fig. 39.7  Radlink Panoramic digitally stitched image allows a surgeon to appreciate the full pelvic anatomy prior to 
wound closure
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construct being trialed, but the leg length and off-
set change associated with other modular con-
structs specific to the stem being utilized. This 
requires the software to understand the options 
specific to the applicable stems used, as well as 
the geometry of the stem and how it would affect 
the trialing options. With the anterior approach, 
many surgeons find repetitive trialing, especially 
when on a special table, to be time-consuming 
and cumbersome. This technology was designed 
to address some specific concerns of the anterior 
approach and was a result of the large growth in 
this type of surgery.

Fluoroscopy use during anterior approach has 
been described as potentially time inefficient as 
well as introducing radiation exposure to the sur-
gical personnel and patient. Accurate interpreta-
tion of intraoperative images often requires 

significant amount of imaging time to address 
some of the variables affecting data conclusions. 
VELYS Hip Navigation uses the registration 
steps to address these variables, potentially 
reducing the need for repetitive imaging [42].

The importance of cup position for successful 
outcome during hip arthroplasty has been well 
studied previously. VELYS Hip Navigation uses a 
mathematically based ellipse to address cup ante-
version and inclination with the use of fluoros-
copy. Accurate cup data requires the user to 
analyze the acetabular component while the pelvis 
is level. Furthermore, the current technology does 
not yet account for functional changes in the pelvis 
that occur during sitting and standing. These tilt 
changes in the caudal and cephalad direction that 
occur functionally can be addressed with intraop-
erative fluoroscopy and preoperative images to 
assess cup position outside the supine position.

VELYS Hip Navigation has a focus on leg 
length and offset data in a user-friendly chart to 
help improve this important feature of successful 
hip arthroplasty surgery. Many surgeons felt the 
anterior approach could limit the ease of examin-
ing the hip for tension while on a special table, 
direct anterior approach tables with the operative 
extremity secured in a traction boot, requiring 
more emphasis on the imaging for this informa-
tion. Without technology, existing techniques can 
be time-consuming and/or inaccurate. VELYS 
Hip Navigation had a primary focus on providing 

Fig. 39.8  VELYS Hip Navigation system tower with 
touchscreen monitor

Fig. 39.9  VELYS Hip Navigation system is similar to 
other computer-assisted guidance and robotic systems 
which provide computer-assisted preoperative planning
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not only cup data, but leg length and offset data 
by comparing two images.

Future studies are required to better determine 
if VELYS Hip Navigation reduces outliers or 
improves outcomes over traditional techniques. 
Since VELYS Hip Navigation requires two 
images for cup position, and two images for leg 
length and offset, there is a potential for most sur-
geons to find a reduction in image requirements. 
Like other navigation systems studied with the 
posterior approach, data has shown to reduce out-
liers in cup position, leg length, and offset. Better 
functional outcomes will have to be researched to 
compare VELYS Hip Navigation to standard 
techniques to determine how much of a benefit it 
can have for patients. Furthermore, reduction in 
operating room time, fluoroscopy use and radia-
tion exposure, by using VELYS Hip Navigation 
versus traditional techniques will likely continue 
to be described.

The previously discussed navigation and guid-
ance technologies help fulfill a need for improved 
accuracy, precision, and reliability when implant-
ing total hip arthroplasty components previously 
relied on confoundable human visual and tactile 
clues. Routine use of anatomical landmarks and 
mechanical alignment guides have been found to 
have varied reliability in assuring optimal cup 
positioning [43–45]. Most computer-assisted 
systems have been successful in improving cup 
positioning over conventional surgeon acumen 
but report the detriment of increased surgical 
time. Cost, portability, and reduced workflow 
efficiencies have been a concern for many of 
these technologies and allowed opportunities for 
new innovations.

Like most evolving, enabling technologies, 
costs decline, portability improve, and workflow 
efficiencies rise as technologies advance and sur-
gical teams acquire experience with these 

Fig. 39.10  The VELYS Hip Navigation system facili-
tates intraoperative navigation by calculating leg length 
and offset of different implant morphologies available to 
the surgeon to recreate the patient’s specific anatomy 

while allowing comparison to the contralateral hip. Using 
OneTrial™ technology the surgeon can select the optimal 
final implant size and geometry from the first trial reduc-
tion of the stable broach, neck, and head construct
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systems. Studies on improved accuracy and pre-
cision in determining leg length and offset with 
these systems have been limited to date. Likewise, 
despite the radiographic, safety, and potential 
efficiency benefits, of computer-assisted systems 
significant improvements in clinical outcomes 
have yet to be realized. To date, the ideal com-
bined cup angles for any patient’s hip arthro-
plasty is unknown. Established radiologic safe 
zones reflect a static pelvis and uniform anato-
mies which are contrary to a dynamic reality. It is 
now appreciated pelvic and spine anatomy repre-
sent a dynamic relationship called spinopelvic 
mobility which can change from supine, stand-
ing, and sitting positions [46–48]. Spinopelvic 
alignment, balance, and mobility maybe an 
under-appreciated and misunderstood cause for 
complications like dislocation [49–51]. It follows 
to mitigate dynamic problems like dislocation, 
impingement, wear, and breakage a surgeon must 
account for the variability in each patient’s fixed 
anatomy and spinopelvic mobility to target their 
optimal functional implant positions.

As computer-assisted guidance and naviga-
tion technologies evolve they will no doubt be an 
integral tool in elucidating, documenting, and 
understanding dynamic relationships of spino-
pelvic anatomy and patient-specific differences 
and promote accurate, reliable targeting of each 
patient’s optimal, functional implant position 
mitigating potential adverse outcomes after total 
hip arthroplasty.

References

	 1.	Lewinnek GE, Lewis JL, Tarr RI, Compere CL, 
Zimmerman JR.  Dislocations after total hip-
replacement arthroplasties. J Bone Joint Surg Am. 
1978 Mar 1;60(2):217–20.

	 2.	Barrack RL. Dislocation after total hip arthroplasty: 
implant design and orientation. J Am Acad Orthop 
Surg. 2003;11(2):89–99.

	 3.	Woerner M, Sendtner E, Springorum R, Craiovan B, 
Worlicek M, Renkawitz T, Grifka J, Weber M. Visual 
intraoperative estimation of cup and stem position is 
not reliable in minimally invasive hip arthroplasty. 
Acta Orthop. 2016;87(3):225–30.

	 4.	Callanan MC, Jarrett B, Bragdon CR, Zurakowski 
D, Rubash HE, Freiberg AA, Malchau H. The John 
Charnley Award: risk factors for cup malposition-

ing: quality improvement through a joint regis-
try at a tertiary hospital. Clin Orthop Relat Res. 
2011;469(2):319–29.

	 5.	Kennedy JG, Rogers WB, Soffe KE, Sullivan RJ, 
Griffen DG, Sheehan LJ. Effect of acetabular compo-
nent orientation on recurrent dislocation, pelvic oste-
olysis, polyethylene wear, and component migration. 
J Arthroplast. 1998;13(5):530–4.

	 6.	Pierchon F, Pasquier G, Cotten A, Fontaine C, Clarisse 
J, Duquennoy A.  Causes of dislocation of total hip 
arthroplasty. CT study of component alignment. J 
Bone Joint Surg. British volume. 1994;76(1):45–8.

	 7.	McCollum DE, Gray WJ. Dislocation after total hip 
arthroplasty. Causes and prevention. Clin Orthop 
Relat Res. 1990;1(261):159–70.

	 8.	Del Schutte JH, Lipman AJ, Bannar SM, Livermore 
JT, Ilstrup D, Morrey BF. Effects of acetabular abduc-
tion on cup wear rates in total hip arthroplasty. J 
Arthroplast. 1998;13(6):621–6.

	 9.	Collaborative AT. I, Bhandari M, Matta JM, Dodgin 
D, Clark C, Kregor P, Bradley G, Little L. Outcomes 
following the single-incision anterior approach to 
total hip arthroplasty: a multicenter observational 
study. Orthop Clin North Am. 40(3):329–42.

	10.	Nick JL, Constant AB, John AG.  Acetabular poly-
ethylene wear and acetabular inclination and femoral 
offset. Clin Orthop Relat Res. 2009;467:2895–900.

	11.	Hart AJ, Ilo K, Underwood R, Cann P, Henckel 
J, Lewis A, Cobb J, Skinner J.  The relationship 
between the angle of version and rate of wear of 
retrieved metal-on-metal resurfacings: a prospective, 
CT-based study. J Bone Joint Surg. British volume. 
2011;93(3):315–20.

	12.	De Haan R, Pattyn C, Gill HS, Murray DW, Campbell 
PA, De Smet K.  Correlation between inclination of 
the acetabular component and metal ion levels in 
metal-on-metal hip resurfacing replacement. J Bone 
Joint Surg. British volume. 2008;90(10):1291–7.

	13.	D'Lima DD, Chen PC, Colwell CW Jr. Optimizing 
acetabular component position to minimize impinge-
ment and reduce contact stress. J Bone Joint Surg. 
2001;83(2):S87–91.

	14.	Barrett MO, Van Citters DW, Hamilton 
WG.  Mechanical failure of marathon cross-linked 
polyethylene acetabular liner after total hip arthro-
plasty. Am J Orthop. 2011;40(10):523.

	15.	Tower SS, Currier JH, Currier BH, Lyford KA, 
Van Citters DW, Mayor MB.  Rim cracking of the 
cross-linked longevity polyethylene acetabular 
liner after total hip arthroplasty. J Bone Joint Surg. 
2007;89(10):2212–7.

	16.	Waewsawangwong W, Goodman SB.  Unexpected 
failure of highly cross-linked polyethylene acetabular 
liner. J Arthroplast. 2012;27(2):323–e1.

	17.	Beamer BS, Morgan JH, Barr C, Weaver MJ, Vrahas 
MS. Does fluoroscopy improve acetabular component 
placement in total hip arthroplasty? Clin Orthop Relat 
Res. 2014;472(12):3953–62.

	18.	Martin JR, Masonis JL, Mason JB.  Anatomic total 
hip component position is more reproducible with the 

J. J. Perry and A. J. Cooper



475

direct anterior approach using intraoperative fluoros-
copy. Arthroplasty Today. 2020;6(4):777–83.

	19.	Rathod PA, Bhalla S, Deshmukh AJ, Rodriguez 
JA.  Does fluoroscopy with anterior hip arthroplasty 
decrease acetabular cup variability compared with 
a nonguided posterior approach? Clin Orthop Relat 
Res. 2014;472(6):1877–85.

	20.	Confalonieri N, Manzotti A, Montironi F, Pullen 
C. Leg length discrepancy, dislocation rate, and offset 
in total hip replacement using a short modular stem: 
navigation vs conventional free hand. Orthopedics. 
2008;31(10):35.

	21.	Renkawitz T, Weber M, Springorum HR, Sendtner E, 
Woerner M, Ulm K, Weber T, Grifka J. Impingement-
free range of movement, acetabular component cover 
and early clinical results comparing ‘femur-first’ nav-
igation and ‘conventional’ minimally invasive total 
hip arthroplasty: a randomized controlled trial. Bone 
Joint J. 2015;97(7):890–8.

	22.	Liu Z, Gao Y, Cai L.  Imageless navigation versus 
traditional method in total hip arthroplasty: a meta-
analysis. Int J Surg. 2015;21:122–7.

	23.	Kreuzer S, Leffers K.  Direct anterior approach to 
total hip arthroplasty using computer navigation. Bull 
NYU Hosp Jt Dis. 2011;69(1):S52.

	24.	Bradley MP, Benson JR, Muir JM.  Accuracy of 
acetabular component positioning using computer-
assisted navigation in direct anterior total hip arthro-
plasty. Cureus. 2019;11(4)

	25.	McNabb DC, Jennings JM, Levy DL, Miner TM, Yang 
CC, Kim RH.  Direct anterior hip replacement does 
not pose undue radiation exposure risk to the patient 
or surgeon. J Bone Joint Surg. 2017;99(23):2020–5.

	26.	Curtin BM, Armstrong LC, Bucker BT, Odum SM, 
Jiranek WA. Patient radiation exposure during fluoro-
assisted direct anterior approach total hip arthroplasty. 
J Arthroplast. 2016;31(6):1218–21.

	27.	Pomeroy CL, Mason JB, Fehring TK, Masonis JL, 
Curtin BM. Radiation exposure during fluoro-assisted 
direct anterior total hip arthroplasty. J Arthroplast. 
2016;31(8):1742–5.

	28.	Hube R, Birke A, Hein W, Klima S.  CT-based and 
fluoroscopy-based navigation for cup implanta-
tion in total hip arthroplasty. Surg Technol Int. 
2003;11:275–80.

	29.	Digioia AM 3rd, Jaramaz B, Plakseychuk AY, Moody 
JE Jr, Nikou C, Labarca RS, Levison TJ, Picard 
F.  Comparison of a mechanical acetabular align-
ment guide with computer placement of the socket. J 
Arthroplast. 2002;17:359–64.

	30.	Sugano N.  Comparison of mini-incision total hip 
arthroplasty through an anterior approach and a pos-
terior approach using navigation. Orthop Clin N Am. 
2009;40:365–70.

	31.	Sugano N, Takao M, Sakai T, Nishii T, Miki H. Does 
CT-based navigation improve the long-term survival 
in ceramic-on-ceramic total hip arthroplasty? Clin 
Orthop Relat Res. 2012;470(11):3054–9.

	32.	Sugano N.  Computer-assisted orthopaedic surgery 
and robotic surgery in total hip arthroplasty. Clin 
Orthop Surg. 2013;5(1):1–9.

	33.	Bingham JS, Spangehl MJ, Hines JT, Taunton 
MJ, Schwartz AJ.  Does intraoperative fluoroscopy 
improve limb-length discrepancy and acetabular com-
ponent positioning during direct anterior total hip 
arthroplasty? J Arthroplast. 2018;33(9):2927–31.

	34.	Shah SM, Walter WL, Ngo J. Is the pelvis stable dur-
ing supine total hip arthroplasty? Acta Orthop Belg. 
2017;83(1):81–6.

	35.	Hartford JM, Bellino MJ.  The learning curve for 
the direct anterior approach for total hip arthro-
plasty: a single surgeon's first 500 cases. Hip Int. 
2017;27(5):483–8.

	36.	Jang ES, Lin JD, Shah RP, Geller JA, Cooper HJ. The 
effect of c-arm tilt on accuracy of intraoperative fluo-
roscopy in assessing acetabular component position 
during direct anterior approach for hip arthroplasty. J 
Orthop. 2018;15(2):447–9.

	37.	James CR, Peterson BE, Crim JR, Cook JL, Crist 
BD. The use of fluoroscopy during direct anterior hip 
arthroplasty: powerful or misleading? J Arthroplast. 
2018;33(6):1775–9.

	38.	Carlson VR, Elliott IS, DeKeyser GJ, Pelt CE, 
Anderson LA, Gililland JM. Are we being fooled by 
fluoroscopy? Distortion may affect limb-length mea-
surements in direct anterior total hip arthroplasty. J 
Arthroplast. 2020;

	39.	Gililland JM, Anderson LA, Boffeli SL, Pelt CE, Peters 
CL, Kubiak EN. A fluoroscopic grid in supine total 
hip arthroplasty: improving cup position, limb length, 
and hip offset. J Arthroplast. 2012;27(8):111–6.

	40.	Thorne TJ, Nishioka ST, Andrews SN, Mathews KA, 
Nakasone CK. Comparison of component placement 
accuracy using two intraoperative fluoroscopic grid 
technologies during direct anterior total hip arthro-
plasty. J Arthroplast. 2020;35(12):3601–6.

	41.	Hamilton WG, Parks NL, McDonald JF, Pfefferle 
KJ. A prospective, randomized study of surgical posi-
tioning software shows improved cup placement in 
total hip arthroplasty. Orthopedics. 2019;42(1):42–7.

	42.	Goodell PB, Kokubun B, Kollmorgen R.  Computer 
navigation vs. Conventional Overlay Methods in DA 
THA: A Single surgeon Experience. Poster presented 
at: Peer Reviewed. Peerless Insight. The 30th AAHKS 
Annual Meeting. 2020, Nov 5–8. Dallas, Texas, USA.

	43.	Minoda Y, Ohzono K, Aihara M, Umeda N, Tomita 
M, Hayakawa K.  Are acetabular component align-
ment guides for total hip arthroplasty accurate? J 
Arthroplast. 2010;25(6):986–9.

	44.	Kanoh T, Hasegawa Y, Masui T, Yamaguchi J, Kawabe 
K, Ishiguro N. Accurate acetabular component orien-
tation after total hip arthroplasty using an acetabular 
alignment guide. J Arthroplast. 2010;25(1):81–6.

	45.	Maeda Y, Sugano N, Nakamura N, Hamawaki M. The 
accuracy of a mechanical cup alignment guide in total 
hip arthroplasty (THA) through direct anterior and 

39  Navigation Technologies for the Anterior Approach in Total Hip Arthroplasty



476

posterior approaches measured with CT-based navi-
gation. J Arthroplast. 2015;30(9):1561–4.

	46.	Tiberi JV III, Antoci V, Malchau H, Rubash HE, 
Freiberg AA, Kwon YM.  What is the fate of total 
hip arthroplasty (THA) acetabular component ori-
entation when evaluated in the standing position? J 
Arthroplast. 2015;30(9):1555–60.

	47.	Kanawade V, Dorr LD, Wan Z. Predictability of ace-
tabular component angular change with postural shift 
from standing to sitting position. J Bone Joint Surg. 
2014;96(12):978–86.

	48.	Lum ZC, Coury JG, Cohen JL, Dorr LD. The current 
knowledge on spinopelvic mobility. J Arthroplast. 
2018;33(1):291–6.

	49.	DelSole EM, Vigdorchik JM, Schwarzkopf R, Errico 
TJ, Buckland AJ. Total hip arthroplasty in the spinal 
deformity population: does degree of sagittal defor-
mity affect rates of safe zone placement, instability, or 
revision? J Arthroplast. 2017;32(6):1910–7.

	50.	Esposito CI, Carroll KM, Sculco PK, Padgett 
DE, Jerabek SA, Mayman DJ.  Total hip arthro-
plasty patients with fixed spinopelvic alignment 
are at higher risk of hip dislocation. J Arthroplast. 
2018;33(5):1449–54.

	51.	Sultan AA, Khlopas A, Piuzzi NS, Chughtai M, Sodhi 
N, Mont MA. The impact of spino-pelvic alignment on 
total hip arthroplasty outcomes: a critical analysis of 
current evidence. J Arthroplast. 2018;33(5):1606–16.

J. J. Perry and A. J. Cooper


	39: Navigation Technologies for the Anterior Approach in Total Hip Arthroplasty
	Computer-Assisted Preoperative Planning
	Computer-Assisted Navigation
	Imageless Navigation
	Image-Based Navigation
	OrthoGrid
	Radlink
	VELYS Hip Navigation

	References


