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Abstract— Total hip arthroplasty is a highly successful surgery done world-
wide in case of irreversible joint destruction of the hip due to various causes such
as arthritis (osteoarthritis, rheumatoid arthritis, post-traumatic), septic sequelae
and dysplasia to alleviate pain and regain motion. The success depends on the
precise placement of the implants, especially the acetabular cup, which is techni-
cally demanding with a higher margin of error. Incorrect cup placement may de-
crease range of motion, psoas and bone impingement, edge loading, accelerated
component wear, leg length discrepancies, and increased risk of dislocation and
may result in early prosthesis failure and subsequent revision. Historically, many
landmarks. methods and concepts were followed to orient the cup in the desired
position both in coronal and sagittal planes with the help of universally accepted
parameters like inclination, anteversion, horizontal offset, vertical offset and ac-
etabular offset, yet it is still ambiguous as the intraoperative positioning is prac-
tically challenging. Thus, with the advent of newer technologies and evolution of
concepts, this review sums up the path in its entirety by consolidating the works
of quality literature.

Keywords-Total hip arthroplasty, acetabular cup placement, Navigation, Ro-
botics, Anteversion, Inclination

1. Introduction

With patient satisfaction rates over 90%, many consider total hip arthroplasty (THA)
the most effective surgical procedure in this century. Globally, osteoarthritis of the hip
is a major cause of pain and overall disability. In 2019, the annual volume of THA
done worldwide was 2,62,369 with a growth rate of 5.2% and is expected to increase
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by 28.84% every 5 years?. Precise placement of the implant is necessary to get optimal
outcomes®. Decreased range of movements (ROM), impingement, edge loading, com-
ponent wear, alterations in leg length, and increased risk of dislocation might occur due
to incorrect cup placement, which may lead to early prosthesis failure and subsequent
revision®.

Version and inclination (abduction) are the primary variables used to characterize
the cup's location. The version refers to the cup's sagittal plane orientation. Greater an-
teversion permits greater hip flexion and adduction before impingement. Conversely, a
lower ante version or retroversion is associated with a greater chance of posterior dis-
location, while a higher ante version may increase the risk of anterior dislocation®. The
cup's orientation in the anteroposterior plane (coronal) is known as its inclination. A
higher inclination, or a vertical cup at its maximum, causes less surface area to meet
the upper cup dome, which might lead to increased contact stress, which might accel-
erate implant deterioration. Conversely, low inclination restricts the range of motion by
causing early impingement, particularly during abduction.

Historically, Lewinnek et al.'s 1978 definition of the "safe zone™ has served as a
reference for cup placement®. To reduce the possibility of dislocation, a zone with a 30—
50° inclination and a 5-25° anteversion was suggested. The question of complication
rate, especially dislocation, when placed outside this range, remains ambiguous with
mixed data’. Several minor modifications of the safe zones have been reported through-
out time. Most techniques, according to Weber et al., are unable to overcome the prob-
lem of impingement®. They recommended narrower safe zones, the most effective
range being 40-50 degrees of tilt and anteversion, ranging from 20 to 30 degrees®. The
notion of a combined ante version, which incorporates ideas such as patient-specific
target zones or stem implantation, which were also proposed by other authors.

Placing the cup in the right place may be difficult, even without considering the
debate about precise values and individual safe zones. While most instances result in
the goal zone being achieved, even highly skilled surgeons report notable outliers?,
which is due to problems in identifying anatomic landmarks caused by soft tissue con-
tractures, anatomic variations related to hip dysplasia, or anatomic modifications re-
sulting from osteophytes or prior trauma?!. Some of the other reasons for component
malposition include patients with dysplastic hips, morbidly obese patients, performing
surgery on the non-dominant side, and low-volume surgeons®.

It is debatable to what degree the surgical technique influences the precision of cup
placement. When compared to posterior or lateral approaches, certain studies indicated
reduced dislocation rates and better outcomes in THA done through the direct anterior
approach??. Conversely, other authors, regardless of approach and methods, observed
similar outcomes®3. However, in the direct anterior approach, being patient lying supine
on the operating table, the use of intraoperative fluoroscopy becomes simpler, easier,
and more precise.

Furthermore, it is currently recognized that acetabular component location measure-
ment using simple radiographs might be imprecise. Computerized navigation is being
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used in THA to enable accurate positioning of the femoral and acetabular components
within the intended functional zones, allowing for less invasive evaluation of limb
length changes. Using preoperative and intraoperative images provides more accurate
orientation even in dysplastic hips*4.

These computer-assisted systems show promising results in improving the precision
of cup orientation (i.e., 93% lying within the desired Lewinnek safe zone, while it is 43
to 73% in the conventional freehand arthroplasty. Also, 80 to 93% lie within the safe
zone while using an image-free navigation system, and 83 to 100% of hips with a CT—
based navigation system'>16. Also, the dislocation rates, which are 0-8 % in the free-
hand technique, are significantly improved to 0% in image-free navigation systems and
0- 0.5 % with CT-based navigation systems'’.

In brief, the main technical goals of total hip arthroplasty (THA) are to restore native
hip mechanics and achieve precise implant positioning. As a result of advancements in
surgical technology, computer navigation and robotics have been developed to increase
precision in cup placement, besides decreasing human error. In this new technical era,
using computer guidance for navigation in the placement of cups has attracted greater
interest in the milieu of precise cup placement to avoid the foresaid difficulties and
complications. Thus, this narrative aims to provide an overview of the available tech-
nologies, emphasizing computer navigation in acetabular cup placement in a collective
nutshell, amalgamating the standard works of literature.

2. CUP POSITIONING TECHNIQUES

A brief scheme and rational approach for the acetabular cup in THA is interpolated in
Figure 1 for better understanding and interpretation, irrespective of the methods of
placement. From here, we begin the elaboration of cup placement methods to make the
reader appreciate and recognize what to achieve and how to achieve systematically.

3. ANATOMIC LANDMARK-BASED FREEHAND POSITIONING

Anatomical landmarks may be used to guide the positioning of acetabular compo-
nents. A number of reference points are specified, including the transverse acetabular
ligament, the anterior and transverse acetabular notch, the frontal pelvic plane (created
by the spines of the upper ilia and the pubic tubercles)*é.

Positioning the acetabulum referencing the TAL: Archbold et. al in their study men-
tioned that it may be possible to place the cup in the anteversion inside the safe zones
without further guidance if the inferomedial rim is parallel to the transverse acetabular
ligament (Figure 2) and found a dislocation risk of 0.6% when using a posterolateral
technique?®. In their study, Molho et al. found that when TAL is used as a reference for
anteversion and inclination, 100% of the hips were inside the safe zone, and 90% of the
hips were within the safe zone, respectively?.
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Figure 1: Approach to acetabular cup position in THA

Mechanical alignment rod along with TAL as reference: The transverse acetabular
ligament (TAL) may complement the alignment rod technique and provide acetabular
component position (Figure 3). With the use of TAL reference, Kelley and Swank?!
discovered that 82% and 71% of their cups were located inside the safe zones that Lew-
inneck had identified for inclination and anteversion, respectively. This improves the
mechanical alignment rod results.

In a follow-up investigation including 121 THA patients, including those with dys-
plastic hips and primary osteoarthritis, by using computer navigation, the cup was po-
sitioned, and it was evaluated to see how well TAL aligned with the trial acetabular
component. They found that the proportion of natural TAL locations against the com-
puter-navigated trial acetabular component, lying outside the safe zone, was less than
5%,

Limitations: According to the findings of Ling et al?®, However, cup implants at
higher inclinations outside the safe zone were more common in pelvises with sagittal
backward malrotation (pelvic roll back). As they demonstrated the optimal posture by
anatomical landmarks, which lead to a posture beyond the safe zone when evaluated on
postoperative radiographs because the pelvis rolls back physiologically, which in-
creases the inclination that appears in standard radiographs.

Most surgeons use intraoperative alignment jigs concerning the patient's position on
the operating table while placing the acetabular component. In the lateral position, the
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patient's superior shoulder is often used to measure the cup's anteversion and inclination
from the floor. It is now understood, although, that it is challenging to determine the
exact position of the patient's pelvis while lying on the table. The pelvis' orientation
concerning the patient's body or the table is a critical criterion and should not be heed-
less. The pelvis may bend forward by up to 35 degrees, and the lumbar lordotic curve
flattens in the lateral position?. Moreover, the acetabulum'’s superior aspect may be
inclined by 10 to 15 degrees in the direction of the table's foot end. As a result, cups
that are positioned using alignment jigs may end up being too vertical and retroverted.
Digioia et al. (2002)% provided more evidence of the broad diversity of mechanical
acetabular alignment guidelines in the lateral position. Due to significant heterogeneity
in pelvic position, they found that 78% of the acetabular components implanted with
mechanical alignment guides had imprecise alignment.

Figure 2: A: Radiograph of hip with primary osteoarthritis (Crowe grade-1 dysplastic), B:
showing osteophytes covering transverse acetabular ligament (TAL), C: osteophyte removed by
a chisel, and D: with acetabular cup placed parallel to the TAL.

Figure 3: Setup showing the pelvic saw bone mounted in the sagittal plane with TAL paral-
lel to the floor and a cup held in the acetabulum with a mechanical alignment guide (MAG) at-
tached to the cup handle. (a) the standard MAG with its horizontal limb parallel to the floor.
(b) the modified MAG with a spirit level attached, which can be leveled in two planes.
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4. ALIGNMENT USING INTRAOPERATIVE FLUOROSCOPY

It is common to find intraoperative fluoroscopy in the orthopaedic theatre setup. As
the patient is supine during the anterior approach to THA, it is simpler to use fluoros-
copy intraoperatively to control component location. Stereometric effects, often known
as parallax, may affect angle measurement and cause inconsistencies in the use of fluor-
oscopy during surgery and the use of radiographs taken thereafter.

Alignment using plain fluoroscopy: Using the method that was outlined by Tannast
et al.?’, Boettner and Rueckl discovered that intraoperative fluoroscopy offers a reliable
method for measuring inclination about the inter-teardrop line, provided the pelvic tilt
on the OT table was also taken into account. It was proposed by the authors that a
correction factor of 5 degrees be used to compensate for the parallax while evaluating
the intraoperative C-arm tilt. The fluoroscopy model (company or make) can also di-
rectly affect this 5° correction factor. Based on anteroposterior pelvic radiographs, dif-
ferent techniques were devised to produce cup anteversion. It has been demonstrated
that the techniques outlined by Lewinnek, Hassan, and Liaw are trustworthy. But their
applicability is limited since they need precise measurements “on film" with standard-
ized AP radiographs, which shall be done using computer software or a ruler.

According to Boettner and Zingg?, there is a unique approach to determining cup
anteversion that makes use of the tilt angle of the C-arm. This method comprises the
following three stages: Firstly, to get a view of AP pelvis, both the obturator foramen
needs to be symmetrical, and the sacrum’s center must line up with the pubic symphy-
sis, avoiding rotation errors (Figure 4). Secondly, the C arm is placed exactly over the
center of the hip, and then gradually tilted away from the side that is being operated on
until the cup's equatorial plane(rim) is at right angles to the receptor of the C-arm (Fig-
ure 5). Finally, take a direct reading on the C arm to calculate the tilt angle, which
matches the anatomic anteversion angle®. When compared with CT readings, there was
an average of 0.2° higher (with a range of 3.0°to 3.1°) anteversion obtained by this
method. All cups were placed within the safe zones that were defined, with an average
anteversion and inclination of 40.8° and 18.4°, respectively.

A

Figure 4: (A) The fluoroscopy is kept at right angles to the operating table. (B) The acetab-
ular cup rim appears elliptical on anteroposterior pelvic view.
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A

Figure 5: (A) The fluoroscopy is adjusted such that the image amplifier lies perpendicular
to the plane of the acetabular cup rim, so that (B) the acetabular rim appears linear due to super-
imposition and no longer elliptical.

Alignment using fluoroscopy image and iPad application®: In this method, the
fluoroscopy image is uploaded to an application to get an interpretation about the pa-
rameters of the acetabulum. Using fluoroscopy screenshots of images taken in Ipad, a
five-step process is used to determine intraoperative inclination, anteversion, and global
offset. Before surgery, the target anteversion and inclination are set in the iPad appli-
cation. After exposure and reaming, the cup is first temporarily fixed, and an AP pelvis
fluoroscopy image is taken (with neutral rotation of pelvis and adjusting the pelvic tilt),
the screenshot of which is cropped to fit the previously specified parameters in the ap-
plication on iPad, the software projects an inclination reference line over the image
(Figure 6a), based on which the inclination of the component can be changed accord-
ingly. Similarly, the targeted cup opening (anteversion) is projected over the fluoros-
copy AP image on Ipad to guide the surgeon and final impaction is made. Final check
is made by calculating the tilt angle of the C-arm for anteversion and inter teardrop
reference line for inclination (Figure 6a). Leg length discrepancy can be checked by
taking a second AP fluoroscopy image and calculating the distance between a reference
line and a fixed point in the lesser trochanter (Figure 6b) and comparing with the other
hip after fixation of the femoral component. Both the intraoperative results and the
postoperative radiographs for anteversion and inclination revealed a mean difference
of 1.0° and 1.2, respectively, with no significant statistical difference®C.

Alignment using fluoroscopy grids®: The primary limitation of fluoroscopy in cup
placement is peripheral image distortion, which may provide inaccurate information
when evaluating intraoperative component placement. To address this, a novel grid (ei-
ther manual or digital) of known dimensions can be used. This may also avoid parallax
and can immediately measure the location of the component that is being placed. The
manual grid was fastened to the fluoroscopic receiver and wrapped in standard sterile
fluoroscopic drapes prior to the surgery (Figure 7).
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Figure 6: The inter-tear drop horizontal reference line is used to measure (A) the cup incli-
nation and (B) the vertical offset by the distance between the lesser trochanter and the inter-tear
drop line.

In contrast, digital grid systems have computer computer-generated projection of
grid patterns over fluoroscopic images through which modifications can be performed
(Figure 8). The intrinsic 45° line enables tailored tilt of cup position, while the grid
lines enable visual measurement of LLD and offsets. After trial reduction, LLD and
offsets were evaluated by properly aligning the grid's trans-teardrop reference line with
the pelvic landmarks and comparing both sides (Figures 7 and 8). Intraoperative cup
abduction was validated by referencing the 45°gridlines present on the grid.

Figure 7: Fluoroscopic images of the manual grid system in which (A) the leg length dis-
crepancies and the global hip offset can be assessed using the grid reference line at the bottom.
(B) The inclination of the acetabular cup can be determined concerning the inter-teardrop line
in the grid. Note: Due to image distortion in fluoroscopy, subtle distortion of the grid line is ap-

parent.
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Figure 8: Fluoroscopy images of the digital grid system in which (A) the leg length discrep-
ancies and the global hip offset are assessed similarly using trans-teardrop reference line at the
bottom. (B) shows cup inclination guides, with the dotted reference line indicating 40° inclina-
tion and the adjacent reference lines indicating 35°and 45° as well. Note: There is no gridline
distortion due to the digital image correction factor.

Compared to intraoperative fluoroscopy alone, the adjustable fluoroscopic grid im-
proved component position accuracy and precision with 97% of acetabular cup abduc-
tion angles placed within the target zone and 100% of leg length discrepancies and 85%
of global hip offsets differences measured underlOmm. Additionally, 82% of compo-
nents met all three targeted goals while decreasing surgical times when using the grid
to supplement plain fluoroscopy®2.

Limitation: The inability to make intraoperative modifications, which necessitated
patient repositioning to match with the grid, was a major limitation of the original pro-
totype grid. This method only works in the supine position (anterior approach)3!.

5. PATIENT-SPECIFIC INSTRUMENTATION®

Computer-assisted surgery techniques are evolving to make surgical procedures
more accurate. Recently, patient-specific guides have been developed for cup place-
ment, designed from pre-operative CT-scans. With a Non-contrast CT (1mm cut) of the
pelvis with bilateral hips, images were imported to Mimics’ software (version 17.0) and
a virtual 3D model of the pelvis with subtracted femur was generated. The diameter of
the unaffected acetabulum on the normal side was taken as the cup size. A jig (with a
handle and a ring) based on the size of the measured diameter of the contralateral ace-
tabulum was virtually created and mirrored such that it fits the peripheral rim of the
acetabulum on the side to be operated. It is then 3D printed in polylactic acid (PLA)
material (Figure 9a). The 3D-printed jig was autoclaved and used as a guiding tool for
cup placement. The jig is placed over the postero-superior aspect of the acetabulum
with the help of a plate attached to the jig through K-wires (Figure 9b). After the cup is
properly seated, the ring portion of the jig surrounds the posterosuperior rim of the
acetabulum in the appropriate anteversion and inclination as a reference for guiding the
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cup placement. Then, using the jig as a guide for orientation, the acetabulum was
reamed and the acetabular cup was positioned.

The clinical benefit of the jig was that the mean anteversion and inclination angle of
all the cups fixed using the patient-specific jig lay within the safe range and showed
less variability with fewer outliers than the freehand technique. It is more useful, espe-
cially when the anatomical landmarks are altered, as in malunited acetabular fractures
and bony ankylosis of the hip. These are expensive alternatives that require more soft
tissue dissection with relatively larger exposure around the acetabulum, which may in-
crease the surgical time and might pose a surgical complexity to achieve accuracy, es-
pecially in obese and high BMI individuals.

hed to the ace-
gh the jig 2

ing jig
d guided tt

Virtual - - G| Postop
3D Acetab- _ Guid- x-ray
ular jig g

acetabular jig

Figure 9: (A) shows the virtual image of the jig and the 3D printed jig. (B) Placement of the
jig intraoperatively and the postoperative image®

6. 3D MINI-OPTICAL NAVIGATION SYSTEM3

Mini navigation system may serve as the basis for navigation. The system includes
a camera, a probe, and a tracker, all located inside the sterile field, and an outside mon-
itor with a workstation. The device uses integrated microelectronics, infrared light, and
optical technologies to gather real-time data regarding cup position and sends it to a
workstation that is visible to the surgeon but outside the sterile field. A tracker antenna
is first inserted into the anterior superior iliac crest and greater trochanter on either side
by the surgeon to determine the anterior pelvic plane or supine coronal plane in either
lateral decubitus or supine position, respectively. Registration requires the use of aprobe
to identify the anatomical landmarks like ASIS, symphysis pubis, and pubic tubercle
for mapping. Data like size, depth, offsets, inclination, and anteversion are displayed on
the workstation monitor and are available to the surgeon in real-time for reference at
any time throughout the surgery. Real-time anteversion and inclination data can be ob-
tained by attaching the tracker to the cup impactor after acetabular reaming (Figure
10). Trial reductions and final cup placement, including leg length measurements, may
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all be viewed, measured, and saved appropriately for future modifications as necessary.
The mean difference between measured inclination of the system impactor and target
inclination was 0.65°+ 0.32(range: 0.15°-1.25°) is similar and positively correlates
r=0.99 with the measurements obtained by the navigation tool against the reference
target. These results demonstrated that the device measures the known target values of
offset and cup position, including leg length, accurately within the range of 1° and 1
mm, respectively. Limitations include image artifact, intraoperative patient move-
ments, rotation of the pelvis in radiographs, and imaging artifact, which may affect the
measurements obtained during the procedure.

Figure 10: Using 2 pelvic screws (C), the pelvic platform(B) is rigidly fixed, such that cam-
era (A) aligned over the pelvic platform is stable. A device tracker (D) is fastened to the im-
pactor using a magnet. After registration of the native orientation of the acetabulum, the camera
captures the positional changes of the trial component via the impactor, which is relayed to the
workstation (E). (Intellijoint HIP® 3D mini-optical navigation tool, Intellijoint Surgical, Inc.,
Waterloo, ON, Canada)3*

7. ACCELEROMETER-BASED NAVIGATION SYSTEM®

The accelerometer-based navigation (New HipAlign) system consists of a disposa-
ble navigation unit, a display console, and reference sensors. Accelerometers (triaxial)
and gyroscopes within the navigation unit and reference sensors relay with each other
wirelessly. The reference sensors and the navigation unit were connected, and target
values were preset before surgery. Under sterile precautions, using two Schanz pins
(3.2 mm) and one oblique pin on the iliac crest, the metal pelvic base is connected, on
which the navigation unit is fastened. (Figure 11). Registration of the body in the cor-
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onal plane is done using a probe parallel to the long axis of the table. The system cal-
culates the reference plane from the coronal registration and gravity. The inclination,
anteversion, and leg length were measured using a laser beam projection from laser
module to the reference sensors placed in the cup impactor (for inclination and antever-
sion, figure 11a) and the greater trochanter and distal femur (for leg length, figure 11b)
appropriately. The limb length is measured with the limb in its neutral reference position,
which is at 0° of internal/external rotation, flexion, and abduction. The target inclination
and anteversion are set on the display console. The impactor with the reference sensor is
moved appropriately to accomplish the target angle of the acetabular cup for fixation.

bt
‘ LASER MODULE

A B

REFERENCE
SENSOR

O 0~

Figure 11: shows the accelerometer-based navigation system. (A) The reference censor is
fixed to the impactor through which the inclination and anteversion of the acetabulum are esti-
mated. (B) shows the presence of a reference sensor on the greater trochanter and distal femur

through which the leg length discrepancies are estimate3.

Postoperatively, the absolute deviation of the measured angles from the target posi-
tion for the cup inclination and cup anteversion was 3.7° + 3.3° (range, 0° to 14.0°) and
5.9° + 3.6° (range, 0.2° to 13.3°), respectively. The mean accuracy in measuring limb
length was 0.8 + 3.4mm (range, 8 to 10 mm).
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8. COMPUTER NAVIGATION AND TOTAL HIP ARTHROPLASTY

Computer navigation is appropriate for hip arthroplasty because precise goals have
been established for component location. Since the acetabular component's orientation
is probably the most important factor in a successful hip arthroplasty, it is not surprising
that computer guided acetabular placement has attracted most attention in literature.
Since 1992, computer navigation systems have been used in hip replacements®. There
are two methods of positioning the cup via computer navigation: imaging systems and
systems that do not use images (imageless).

For the proper operation of image-based navigation systems, morphological data
must be gathered either by intraoperative fluoroscopy (as seen in Figure 12) or preoper-
ative CT or MRI scans. In imageless navigation systems, intraoperative data of ana-
tomic landmarks is added to a computer-generated representation of the human body's
structure and function®’. Imageless systems are the ones most often employed in clinical
settings, according to published navigation studies. As shown in Figures 14 and 15,
these systems are built on virtual pictures. Both systems aim to provide surgeons with
real-time feedback and make pre-operative planning possible through a readout tab or
head-up display.

Imageless Systems: These systems rely on locating the bony landmarks in the pelvis
which gives inputs to the sensors on the reamer of the patient's pelvic location about
the anterior pelvic plane (Figure 13). Regardless of the commercial system being used,
a four-stage procedure that consists of setup, registration, planning, and execution
phases has been defined.

For the computer to detect the pelvic orientation in space, registration of anatomical
landmarks is a prerequisite in computer-assisted navigation for the placement of the
acetabular component. Usually, to do this, registration is done at the pubic tubercle,
symphysis pubis, and the anterior superior iliac spines. A pelvic view from the front,
which is utilised to reference cup position, is formed by referencing these features. Op-
tical trackers affixed to the pelvis are used for registration in imageless systems as seen
in Figure 3. Particularly when the patient is planned for the procedure in lateral decu-
bitus position the optical pointer is positioned to record the pubic tubercle, symphysis
pubis and the anterior superior iliac spines before positioning using tiny incisions after
palpating anatomical landmarks appropriately®®%®, The patient is given anesthesia
throughout the ‘setup’ and ‘registration’ phases in the operating room. The ‘true version
plane’ of the acetabulum is identified using the transverse acetabular ligament (TAL)
as a reference point. To get the correct acetabular inlet plane, the superior acetabulum
and the TAL are recorded together. Literature has criticized both systems for putting
the surgical team and patients through more preparatory time and expense, as well as
radiation.

Based on the information provided by Lewinnek, it was determined that 82% of the
acetabular cups were positioned within the safe zone of inclination, while 71% were
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positioned within the safe zone of anteversion*?, according to Kelley and Swank's (2009)
findings. While the mean of the acetabular cup’s inclination and anteversion did not
differ statistically between the conventional and group that used navigation had less
variation in cup placement and a low risk of placing the acetabular cup placement out-
side of the safe zone, according to a new meta-analysis and systematic review of 400
patients!. According to this review's analysis of the available research, navigation is a
trustworthy method for maximizing cup placement and reducing outliers. However, be-
fore firm conclusions about the usefulness of regular navigation in THA can be made,
long-term results and cost-utility studies are required.

>re-Registration for CT-Fluoro Matching

Figure 12: shows monitor screenshots of image-based navigation systems (registration,
matching, and intra-operative real-time pictures)

Figure 13: Registration of bony landmarks in imageless systems shown on a dry-bone
model with a sensor on a mock reamer.
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Figure 14: screenshot of imageless navigation virtual picture of monitor showing win-
dow of preoperative planning after registration.
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Figure 15: workstation monitor of the imageless navigation system showing the reference
line guides of the acetabular inclination and anteversion. (Image courtesy of Inline Orthopae-
dics)
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9. ROBOTICS IN TOTAL HIP ARTHROPLASTY

A robot is a computerized electronic machine devised to execute a variety of me-
chanical functions which are programmed. The biotechnology of robotics is used in the
planning and positioning of the acetabular cup and femoral stem. Three types of sys-
tems based on principles, mechanism of action and execution methods are defined:

1. passive systems: (Ex da Vinci surgical system)

2. Semi-Active system: that controls the hand of the surgeon in real time. (ro-
botic arm-assisted surgery)

3. Active System:(THINK Surgical, CUVIS) can able to do tasks inde-
pendently without any human assistance or direction using pre-pro-
grammed algorithms and a set of specified guidelines for bone resection.

Also, three types of executing and/ or cutting methods are developed*.

1. Autonomous: The resection of bone is done without any human interven-
tion.

2. Haptic control: requires human interaction to manoeuvre the robot; the
movement of the robot is constrained by a set limit*2.

3. Boundary control: the system is not constrained and surgeon handles the
robot, the robot action can be deactivated or stopped if the bone resection
exceeds the planning limits (Smith nephew, Ex Navio surgical system).

Similar to the other navigation systems, Robotic THA also involves registration of
bony landmarks, verification by the system (where, if the error is >1mm, re-registration
is required), mapping, followed by data display on a monitor (Figure 16). which, when
verified by the surgeon fed to the execution unit of the robotic arm. The execution of the
function can be of two types, (A) The express procedure: in which the size of the femoral
stem, neck cut, and size are to be planned by the surgeon while the size acetabular cup and
placement are assisted. (B) The enhanced procedure, which offers the facility of navigation
for femoral osteotomy and version with implantation of the stem, in addition to sizing and
placement of the acetabular cup. With a single reamer size, the acetabulum is reamed using
a robotic-assisted arm based on the preoperative planning that regulates and limits the oper-
ative surgeon’s hand in progression of reamer, orientation of cup and stem, centre of rotation,
and during impaction of the cup. Various adjustments can be made at different time points as
the system permits trial checking and re-adaptation of planning during surgery*®. The success
and outcomes after robotic THA are driven by multiple factors, including the precision and
reproducibility of the placement and complications, bone stock management of combined
anteversion, learning curve, system adaptability irrespective of the patient’s anatomy and
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morphology, benefits in complication rates with functional outcomes, compatibility with am-
bulatory care and enhanced recovery post-surgery, and assessment of cost-effectiveness %,

The use of robotics is beneficial with clear evidence in accurate positioning of im-
plant with minimal resection of bone and in regulating the femoral version, sizing of
stem and neck, besides maintaining appropriate limb length, thereby allowing early and
better functional outcomes, enhancing patient’s recovery. Robotics also presents sev-
eral limitations in routine application concerning universal usage in all hip morpholo-
gies, in addition to its availability and ease of access across all institutions*,

Similar to the other navigation systems, Robotic THA also involves registration of
bony landmarks, verification by the system (where, if the error is >1mm, re-registration
is required), mapping, followed by data display on a monitor (Figure 16). which, when
verified by the surgeon fed to the execution unit of the robotic arm. The execution of
the function can be of two types, (A) The express procedure: in which the size of the
femoral stem, neck cut, and size are to be planned by the surgeon while the size acetab-
ular cup and placement are assisted. (B) The enhanced procedure, which offers the fa-
cility of navigation for femoral osteotomy and version with implantation of the stem,
in addition to sizing and placement of the acetabular cup. With a single reamer size, the
acetabulum is reamed using a robotic-assisted arm based on the preoperative planning
that regulates and limits the operative surgeon’s hand in progression of reamer, orien-
tation of cup and stem, centre of rotation, and during impaction of the cup. Various
adjustments can be made at different time points as the system permits trial checking
and re-adaptation of planning during surgery*3. The success and outcomes after robotic
THA are driven by multiple factors, including the precision and reproducibility of the
placement and complications, bone stock management of combined anteversion, learn-
ing curve, system adaptability irrespective of the patient’s anatomy and morphology,
benefits in complication rates with functional outcomes, compatibility with ambulatory
care and enhanced recovery post-surgery, and assessment of cost-effectiveness®.

The use of robotics is beneficial with clear evidence in accurate positioning of im-
plant with minimal resection of bone and in regulating the femoral version, sizing of
stem and neck, besides maintaining appropriate limb length, thereby allowing early and
better functional outcomes, enhancing patient’s recovery. Robotics also presents sev-
eral limitations in routine application concerning universal usage in all hip morpholo-
gies, in addition to its availability and ease of access across all institutions®.
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A
Figure 16: Shows robotic-assisted systems used for THA (CUVIS). A: monitor and sensor
console, B: the robotic arm

10. DISCUSSION

After Total hip arthroplasty, leg length discrepancies may be a factor in impaired hip
function. Leg length disparity has been linked to abnormal gait, discomfort, neurologi-
cal dysfunction, and patient discontent, among others. In comparison to freehand meth-
ods, Manzotti et al.** (2009) demonstrated that a computer-controlled system could pro-
vide noticeably superior leg lengths. Nevertheless, there was no considerable variation
in the two groups' functional outcomes according to this research. Minimally invasive
surgery has several benefits over standard procedures in THA, such as low blood loss,
less discomfort, reduced hospital stays, decreased rehabilitation time with less scarring
and eventually speedy recovery. The best way to take advantage of computerized nav-
igation's precision seems to be minimally invasive surgery. It is inherently more chal-
lenging to place components using freehand approaches due to the narrower operational
field*.

When TAL was used as a reference for positioning the acetabular component, Arch-
bold et al. stated that 99.7 percent of 1000 consecutive THASs recognised the TAL. Fur-
thermore, the clinical result was excellent, with a dislocation rate of just 0.6%.[19].
However, in patients with inferior osteophytes, the TAL could only be identified in 31%
compared to hips that don’t have inferior osteophytes. In general, TAL cannot be identi-
fied realistically as often. It can be more easily identified in low-weight and shorter indi-
viduals*. There is contradicting information that calls into doubt the validity of the TAL
as a navigational aid. According to MRI research, the TAL's natural anteversion in
healthy individuals varies; this landmark is less useful for figuring out where the cup
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should be placed since it varies between 5.3° to 36.1°. Moreover, osteonecrosis, osteo-
arthritis and dysplasia are known to alter the hip's native acetabular position. A study
examining the normal acetabular orientation in hips affected by arthritis revealed that
both sexes had decreased angles of inclination and anteversion. There is no relationship
between a patient's acetabular anatomy and their TAL location in cases of osteoarthritis
owing to dysplasia. Pre-operative CT scans of 80 hips, those who had THA for dyspla-
sia, revealed a range of acetabular anteversion, from 14° to 18°. Both groups' mean
anteversion and range were substantially different from a control group of osteonecrosis
patients. Then, this research group used TAL to guide the positioning of cups, with 39%
of the cups that were implanted outside the targeted range, even though the goal was to
achieve an anteversion of 15° + 19°47,

In a prospective RCT with 130 total hip arthroplasty patients, the obtained cup posi-
tion at 3 months was evaluated by post-operative CT (THA), who were equally split
between the freehand method and guided approach of acetabular component placement
[48]. The research did not demonstrate a considerable improvement in inclination, but it
did find significantly improved (mean) anteversion angles with navigation. Additional
research supports the advantage of imageless navigation in terms of inclination.
Suksathien et. al.*® conducted a retrospective investigation whereby they compared the
location of the acetabular cup on the post-operative CT scan of 31 patients of THA to
30 control cases. There were notable variations in mean anteversion and inclination.
Moreover, the percentage of outliers in component placements decreased correspond-
ingly. Remarkably, when inclination and anteversion were evaluated together, this
study shows that all computer-navigated cups were within the safe zone, whereas only
48.4% of non-navigated cups were in the safe zone*°, with no significant change in the
duration of surgery. Muir et al*®° stated that Computer navigation enhances cup orienta-
tion and zone adherence, thereby ensuring safety and decreasing complications of dis-
location. Yet, no significant connection with better clinical results at short-term follow-
up has been found. Since the imageless navigation system relies on an anterior pelvic
plane to determine the position of the pelvis, it’s been criticised for its vulnerability to
errors in registration and failure to consider pelvic tilt*.

There would be inaccuracies, especially in anteversion analysis, according to an ul-
trasonography study that evaluated fat and skin thickness across three reference loca-
tions. This is especially troublesome for people who are fat?2. This impact has been
demonstrated by Wolf et al.>!, who found that erroneous APP registration leads to mis-
positioning of the acetabular components. The question of the dependability of APP
was also raised by many authors. Three months after computer-navigated THA, a study
by Barbier et al.5? used a 3D-pelvic imaging equipment to evaluate 44 participants in a
single-centered prospective study. Discrepancies between operational navigation data
and postoperative imaging were found to be significant. To be more specific, the mean
anteversion before surgery was 20.9 degrees, whereas it was 29.5 degrees after surgery.
This suggests that operative anteversion had the lowest positive correlation in imageless
navigation referencing APP. It is thought that the inter-observer variance during the
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procedure, as well as the challenge of recording APP before surgery, is the cause of this
difference®3. The total effects of misregistering the bony landmarks have been exam-
ined by Deep and Picard®4, who in their study have also produced charts that show the
potential error in cup placement. Conversely, we would argue that such inaccuracy
should be implausible, particularly when conducted by skilled orthopaedic surgeons,
given the wide error ranges reported (between 1 and 4 cm). Some institutions have re-
sorted to invasive measures due to concerns of inaccurate registrations. Piercing the skin
using the bony landmarks was the method used by Dorr et al.>>. However, donor site
morbidity is a concern, though unreported, increased potential for fracture, bleeding,
infection, and difficulty in mobilization are not insignificant.

Further research by Lin et al.>® revealed the limitations of navigation. Postoperative
CT scans were performed on a cohort of 50 patients to determine the cup's location rel-
ative to Lewinneck's safe zones; the sample included equal computer-navigated THA
patients and those who were done with the freehand technique (control). According to
their statistics, navigation was better; in fact, all of the cups ended up in the target zone,
but just 92% of the cups in the control group were in the safe zone*”. The CT scans
taken after the operation differed significantly from the intra-operative navigation data.
Despite a minimal 0° +/-2.8° difference in absolute terms between operating inclination
and radiological inclination on CT, the researchers found a significant isolated antever-
sion differential of 3.4° +/- 3.6°. This may be explained by the challenge of accurately
documenting the APP's bony markers before surgery, as well as the idea that extremes
in pelvic tilt may have an impact on the relationship between acetabular anatomy and
APP%, Although APP is determinable, pelvic tilt is not static. Dorr et al*® demonstrated
how pelvic tilt affects the ultimate anteversion assessed after surgery; a change of 0.8°
in acetabular anteversion was associated with every 1° shift in ventral-to-dorsal tilt. 1g-
noring the variance in spinopelvic Alignment might result in the issues mentioned ear-
lier, such as edge loading, wear, instability, and dislocation. Thus, to avoid the compli-
cations associated with misplacement of the cup, it is crucial to assess the functional
pelvic plane (FPP) to identify the normal and abnormal spinopelvic rhythm and conse-
quently the individual native acetabular orientation.

11.CONCLUSION

The acetabular cup demands accuracy and precise arithmetics with its placement,
owing to numerous complications, early failure and revision rates. With leaving sur-
geons divided in their opinion to conclude a best “safe zone”, it becomes more ambig-
uous to arrive at a definitive norm. Thus, the search with the aid of newer technologies
evolves incessantly. Among each method discussed, computer-assisted navigation and
robotics has strong literature evidence of advantage over other methods, as it allows us
to tailor the approach and better comprehend the individual offsets in every subject yet
needs robust research to prove its cost-effectiveness and long-term benefits to the pa-
tients. Thus, with available literature, we conclude, with the intention of minimizing
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complications, it is obligatory to identify and individualise the functional acetabular
orientation and to avail the technological support, which shall strongly impact the func-
tion and durability of total hip arthroplasty there upon the outcome and patient satisfac-
tion as well.
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