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Aim: To verify if transverse acetabular ligament (TAL) can be used as an anatomical landmark to reliably
orient the cup in primary total hip arthroplasty and compare it to acetabular cups placed with the help of
mechanical angle guide (MAG) device.
Materials and methods: Thirty Five patients with primary total hip arthroplasty, all performed by the
same surgeon were included in the study. All patients had undergone surgery by anterolateral approach
and all were cementless total hip arthroplasty. TAL was used as a reference guide for positioning of the
cup in one group while MAG device was used in the other. Post operatively CT was done to confirm the
version and inclination of the acetabular cup and the femoral stem version. SPSS was used for statistical
analysis.
Results: 18 males and 17 females were included. The most common etiological cause for THR was sec-
ondary osteoarthritis due to AVN (40%). At 18 months follow up, there was just 1 case of dislocation in
group in which angle guide device was used. The mean anteversion of the acetabular cup on CT findings
was 23.82� by using TAL while 18.35� with help of MAG device (P < 0.05). All were within Leweniks safe
zone.
Conclusions: The TAL and MAG device both can be effectively used to align the acetabulum component.
TAL is patient specific intraoperative landmark which is not affected by patient positioning while angle
guide device can give false positive assessment of cup version.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Anteversion of acetabular cup plays a very important role in
determining the success of total hip arthroplasty (THA) surgery.
Faulty placement of the acetabular cup can lead to variety of short
term (post-operative dislocation of joint, leg length discrepancy)
and long term complications (excessive wear and osteolysis).

The most commonly cited paper regarding anteversion of the
acetabular component was published in 1978 by Lewinnek.1 It
described “Safe zone” of anteversion as between 5� and 25� of
radiographic anteversion. Later Murray et al. described three types
of acetabular cup anteversion -anatomical, operative and
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radiographic.2 They concluded that all 3 types of version were
different as they had different plane of reference, so they developed
conversion nomograms.

In this study, to achieve the best position of cup TAL (transverse
acetabular ligament) has been used as an intraoperative anatomical
landmark in one group and commercially available mechanical
angle guide (MAG) device has been used in the other group. Viste
et al. did a cadaveric study in which they tried to verify if TAL
(transverse acetabular ligament) as a patient specific anatomical
landmark and if it can be used for cup orientation.3 They concluded
that TAL’s reliability as a landmark for cup placement needed more
research to confirm it. Many orthopaedic companies have devel-
oped acetabular component positioning devices in order to
improve the accuracy. The primary aim of this studywas to evaluate
the validity of TAL in proper placement of acetabular cup. The
secondary goal was to compare the cup anteversion and inclination
achieved by using TAL with those acetabular cups placed with the
help of MAG device. The null hypothesis was that therewould be no

mailto:dr.architagarwal@gmail.com
mailto:inderpawar67@yahoo.co.in
mailto:inderpawar67@yahoo.co.in
mailto:dr.sandeepnew@gmail.com
mailto:deepti2689@gmail.com
mailto:deepti2689@gmail.com
mailto:hem198617@yahoo.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcot.2020.07.034&domain=pdf
www.sciencedirect.com/science/journal/09765662
www.elsevier.com/locate/jcot
https://doi.org/10.1016/j.jcot.2020.07.034
https://doi.org/10.1016/j.jcot.2020.07.034
https://doi.org/10.1016/j.jcot.2020.07.034


A. Agarwal et al. / Journal of Clinical Orthopaedics and Trauma 11 (2020) S766eS771 S767
difference in acetabular cup version and inclination achieved by
two techniques and that both could be used for placement of
acetabular cup within the safe zone.
Fig. 2. Angle guide device used check anteversion of acetabular cup.
2. Patients and methods

This prospective study was started in September 2016 and the
data was collected over the next 3 years. 40 consecutive patients
undergoing primary un-cemented total hip arthroplasty were
included. Patients with history of previous acetabular, pelvic frac-
tures, hip disorders during childhood, any previous surgery around
hip were excluded. All cases where anaesthetist used Trendelen-
burg or Reverse Trendelenburg positionwere excluded. All patients
with in age group of 20 and 80 years were included. Randomised
controlled trial was not carried out. In the first 20 patients TAL was
used while in the second 20 patients MAG device was used for
placement of cup. Only thirty five patients could be followed up for
a minimum of eighteen months while 5 were lost to follow up (1
patient from the former group while 4 from later group). In the
beginning of the study, sample size was not calculated. After
completion of the study, power was calculated for primary
outcome. Powerwas 90%when calculated at 5% level of significance
with detected difference of 5.47� and number of samples in group 1
were 19 and group 2 were 16. All surgeries were performed by the
same experienced surgeon having more than 15 years of profes-
sional experience in total hip arthroplasty. All the cases were done
in lateral decubitus position through direct lateral Hardinge’s
approach using the intermuscular and interneural planes. Patient
was positioned with the use of three posts (at sacrum, at anterior
superior iliac spine and symphysis pubis). Cementless press-fit
acetabular component (Pinnacle; DePuy)4 and a cementless
femoral component (Corail; DePuy)5 were implanted.The tribio-
logic pairing consisted of polyethylene and ceramic liners with
metal and ceramic modular head with variable head diameters.
Per-operatively, the surgeon used TAL as a reference guide for
positioning of the acetabular cup in one group of patients while in
other group final position of the cup was done by usingMAG device
Once adequate acetabular reaming was done, the acetabular cup
prosthesis was mounted on the MAG device. The MAG device could
be adjusted to place the cup in 0,10, 20 and 30� of anteversion or
retroversion; while the inclination was fixed at 45�. To achieve the
desired inclination the handle of the MAG was kept parallel to the
operating room floor and for the desired anteversion the attached
rod was aligned with the long axis of the body. (Figs. 1 and 2). All
Fig. 1. Angle guide device used to check inclination of acetabular cup.
surgeries were done in spinal combined with epidural anesthesia.
Post operatively 3D-CT scans (Mx8000; Philips Medical systems,

Highland heights, Ohio)6 of pelvis was done to confirm the version
and inclination of the acetabular cup. Each scan was performed at
1 mm intervals and 1 mm thickness with a field of view of 300 mm
and a pitch of 0.58. Three hundred to 350 frames per scan were
done. This data were stored in the Digital imaging and communi-
cations in Medicine (DICOM) format. The radiologist who calcu-
lated the anteversion and inclination was blinded about the study.
The inclination of the cup was calculated on coronal section in CT
scan. A horizontal line was drawn connecting both inferior pubic
rami. The angle between this line and a line drawn by connecting
the points of the acetabular cup were measured (Fig. 3). For
Fig. 3. Post operative CT scan showing inclination of acetabular cup.
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calculating anteversion of the cup transverse section of the CT was
taken at the level of the acetabulum. A line was drawn connecting
both the edges of the cup. The angle formed by this line with the
horizontal line along the anterior edge of the pelvis calculated the
anteversion (Fig. 4). Femoral stemversionwas calculated in order to
find out the combined version of acetabular cup and femoral stem.
The central axis of the femoral neck of stem and the posterior
femoral condylar axis were used as references. In a study carried
out by Dorr et al.7 the anteversion of the femoral stem was calcu-
lated by using both epicondylar plane and posterior condylar plane.
Both reference planes were found to have good correlation coeffi-
cient. The study had ethical approval and all patients gave informed
consent.
2.1. Statistics

The data was analysed by using statistical software SPSS version
20. Categorical data was expressed as frequency and percent.
Quantitative variable expressed as mean, standard deviations (SD),
and minimummaximum. Chi square/Fischer exact test was used to
compare categorical variable between the groups. Independent T
test was used to test the statistical significance between the two
surgical techniques. Confidence interval for difference was esti-
mated. P value < 0.05 was considered as statistically significant.
3. Results

At the time of statistical analysis the study included 19 patients
in the first group i.e. TAL was used for placement of acetabular cup
and 16 patients in the second group i.e. MAG device was used. The
demographic detail of the patients is shown in Table 1. There was
no significant difference between the age groups and BMI of both
the groups, which made themmore comparable. Metal on poly was
the most commonly used combination.

Fig. 5 shows anteversion of the acetabular cup in both groups of
patients (10�e30�), while Fig. 6 shows the combined femoral and
acetabular version (35�e50�). Themean acetabular cup version and
femoral stem version in both groups of patients were as shown in
Table 2. There was a significant difference (P ¼ 0.0032) in the
acetabular cup version placed by using TAL and angle guide device
even though all were in safe zones. The combined anteversion of
both the group of patients was also significantly different.
(P ¼ 0.0042) The difference in the femoral stem version and the
inclination of the acetabular cup was not significant between the 2
groups. (Table 2).

The most common cause of total hip replacement in this study
Fig. 4. Post operative CT scan showing anteversion of acetabular cup.
was secondary osteoarthritis due to avascular necrosis of femoral
head (40%). The other causes are shown in Table 3. Mean acetabular
cup size and femoral head size in TAL group was 48.84 mm and
33.47 mm respectively while in the other group these were
48.5 mm and 31 mm respectively.

4. Discussion

Archbold et al.8 described 4 types of TAL during total hip
arthroplasty. Most common type was the ones which were
immediately visible on exposure of the acetabulum, then the ones
which were covered by soft tissue which could be easily removed
by blunt dissection, the third type in which the TAL was covered by
an osteophyte and the rarest when no TAL was found.

Even till today hip dislocation is the second commonest cause
for revision of a primary hip arthroplasty.9 Thus it is important to
improvise our techniques in order to reduce the number of post
operative hip dislocation. The findings of this study show that if the
acetabular cup and stem is placed correctly then there are high
chances of not having a dislocation of hip and this can be better
ensured by using either the TAL or the MAG device.

In this study, only one patient had dislocation even after
following all the patients for more than 18months. It has been seen
that almost 80% of the dislocations after primary hip replacement
occurs within first 2 months after surgery. A high inclination angle
has been associated with an increased rate of dislocation.10 Ac-
cording to National Joint registry9 the dislocation rate is highest in
all types of primary THA in the 1st year after surgery and it falls
later.

There are other factors as well which contributed to the stability
of the hip replacements included in this study. Posterior approach
to hip has been reported to have higher rate of dislocation.11 In this
study anterolateral approach was used in all cases in lateral decu-
bitus. These could contribute to decrease in intra-operative
movement of the pelvis.12 This helped to improve the accuracy of
MAG device. It has been seen that there is more intra-operative
movement with the posterior approach than with the lateral
approach in THA because of the intact strong anterior capsule and
ilio-femoral ligament, coupled with the strong retraction and the
leg-twisting manoeuvre, which lead to an increased torque to the
pelvis.

Surgical experience of the operating surgeon has also been re-
ported to be directly correlated to the rate of dislocation.11 The
chances of having a hip dislocation are higher in the first 30 hips
that a surgeon performs, the risk of dislocation is decreased by 50%
for every ten primary THAs that a surgeon does annually.13 In this
study, all THA were performed by the same experienced surgeon
performing more than 10 primary THAs annually for last 10 years.

Several studies have reported different acetabular cup ante-
version and inclinationwith different techniques. (Table 4). DiGioia
et al.14 reported a wide range of acetabular version and inclination
in past with MAG and they considered it as inadequate in achieving
the desired goal. In the present study, themechanical guide showed
greater variation in acetabular cup version than the TAL group of
THAs (Table 2) but all were within safe zones. As a result of which
there was just one hip dislocation in the MAG group. Therefore,
MAG can be still used for acetabular cup placement along with
proper precautions for rigid positioning of the patient. More com-
plex mechanical devices using anterior pelvic plane have been
tested in cadavers.15 They also found it helpful to increase the ac-
curacy in positioning of the acetabular cup, but uses of such devices
have their own drawbacks like increased surgery time and com-
plications associated with reference pin placement. Similarly MRI-
based patient-specific instrumentation guide have been used dur-
ing THA.16 These require preoperative and postoperative CT scans



Table 1
Details of the patients included in the study.

Parameter TAL group Angle Guide Device group

Age (years) (Mean) 51.52 54.81
Follow up (months) (mean) 12.2 13.5
Body mass index (kg/m2) (mean) 31.51 32.58
Sex Male

Female
10
9

8
8

Liner Poly
Ceramic

11
8

11
5

Head Metal
Ceramic

11
8

8
8

Fig. 5. Comparison of anteversion of acetabular cup in both groups.

Fig. 6. Comparison of Combined anteversion of acetabular cup in both groups.

Table 3
Causes of Total Hip replacements in patients included in this study-.

SN Cause Nos. Percentage

1. Secondary OA due to AVN 14 40.0
2. Primary OA 2 5.7
3. Neck of Femur 12 34.3
4. Post septic sequelae 7 20.0
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as well. These have proven to increase the accuracy of acetabular
cup placement but at the same time increase the total cost on
healthcare system and exposes patient to radiation which could be
Table 2
Acetabulur cup anteversion & inclination, Femoral neck version recordings (degrees).

Variable Group Mean ± SD

Acetabular version TAL 23.8 ± 4.9
MAG 18.3 ± 5.2

Femoral Version TAL 19.1 ± 6.2
MAG 20.4 ± 4.6

Combined Version TAL 42.9 ± 3.4
MAG 38.8 ± 4.5

Acetabular Inclination TAL 44.8 ± 4.9
MAG 44.2 ± 4.8

MAG- Mechanical angle guide.
avoided by using simpler methods. Grammatopoulos et al.17 did a
in vitro study using a hemipelvic model to check surgeons accuracy
at acetabular cup placement. It was found that use of mechanical
alignment guide did improve variability in anteversion by one third
but it was still about ± 10�. It was concluded that better guides were
required. In present study, the variability was less but it still existed.

Acetabular version and inclination has been measured intra-
operatively with the help of computer assisted navigation after
defining the acetabular plane with the help of TAL and posterior
labrum in the past. The mean acetabular component inclination
was found to be 41� (32e51) and anteversion of 18� (�1 to 36). It
was found that there is only a moderate interobserver agreement
and intra-observer reliability in the alignment of the acetabular
component using the TAL and the posterior labrum.18 Thus, it can
be said that even though TAL is a patient specific landmark but its
use to place the cup can have variations between the surgeons.

Hasegawa et al.19 compared the stem and cup anteversion using
CT scans of dislocated and non-dislocated total hips. Both the cup
anteversion and the stem anteversion showed no differences
among the groups. But the sum of cup and stem anteversion in
posterior dislocated hips was significantly lesser than that in non-
dislocated hips and the sum in anterior dislocated hips was
significantly greater than that in non-dislocated hips. This proves
the importance of calculation of combined anteversion.

Operative anteversion has been found to increase the radio-
graphic inclination up to 6�.20 Thus, it is important to place the cup
in correct version as it affects placement in other planes as well. Hill
et al.21 published that due to adduction of the pelvis in the frontal
plane there could be a difference between mean of operative
Min- max Difference 95% CI P value

13.9e29.7 5.4 (1.9, 8.9) 0.0032
10.1e29.7
8.1e30.7 1.3 (�2.5,5.1) .494
11.8e28.5
37e49.6 4.1 (1.4, 6.9) 0.0042
35.2e45.9
36.6e54.2 0.5 (�2.8, 3.9) 0.74
35.8e51.8



Table 4
Different acetabular cup anteversion and inclination with different techniques.

Authors Technique Mean Cup Anteversion (�) Mean Cup inclination (�)

DiGioia et al.14 MAG (n ¼ 74) 1 ±10 (33 to �26) 44 ±4 (35e59)
Grammatopoulos et al.17 TAL (n ¼ 21) 34 ± 7 (17e45) NA

MAG (n ¼ 21) 23 ± 5 (13e35) 42 ± 5 (24e49)
Kievit et al.15 MAG with APP (n ¼ 16) 13.4 (10.7e16.1) 40.6 (37.7e43.4)
Inoue et al.16 CT templating & PSI

Initial group (n ¼ 7)
Later group (n ¼ 7)

27.4 ± 6.0
27.4 ± 4.5

44 ± 4.7
45.6 ± 2.6

Kalteis et al.18 TAL & posterior labrum (n ¼ 39) 18 (-1 to) 41 (32e51)
Padgett et al.22 MAG (n ¼ 40) NA 42.1 ± 8.3 (23e57)
Meermans et al.23 Free Hand (n ¼ 100) NA 38.5 ± 7 (22e60)

Digital protractor (n ¼ 100) NA 38.3 ± 4.7 (27e51)
Our study TAL (n ¼ 19) 23.8 ± 4.9 (21.4e26) 44.8 ± 4.9 (42.4e47.2)

MAG (n ¼ 16) 18.3 ± 5.2 (15.5e21.1) 44.2 ± 4.8 (41.6e46.8)

APP- Anterior pelvic plane.
TAL- Transverse acetabular ligament.
MAG- Mechanical angle guide.
PSI- patient-specific surgical instrument guide.
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inclination and radiographic inclination angle.
In our study the mean inclination using the MAG device for the

acetabular cup positioning was 44.27 ± 4.85� (41.68e46.85).
Padgett et al.22 did 40 hip replacements using the positioning de-
vice. Their mean cup abduction angle in the group was 42.1 ± 8.3�

(23e57). In this study variation was lesser than Padgett et al.22

because the patient was placed firmly on the operating table with
2 posts anteriorly and 1 posteriorly. This minimised the patient
movement during the surgery and so the pelvis could not rotate.
The large variation in cup placement is a function of change in
patient position during the procedure. It may be due to pelvic
rotation taking place during the surgery, both in forward/backward
rotation as well as shifting of the pelvis. In a study in UK23 it was
found that more than 35% of orthopaedic surgeons were unhappy
with the patient supports they used for patient positioning and
only 31% of them considered their supports to be completely rigid.
They concluded that it was very important to create awareness
among orthopaedic community about patient support choices and
monitoring of pelvic stabilisation.

The difference between the radiographic and operative angle of
inclination of the acetabular cup has been studied with the help of
digital protractor.24 The anteversion of the cup was determined by
using TAL. There was significant difference between the radio-
graphic (RI) and operative angle of inclination (OI) in between the
groups where the cup was placed free hand and the other group
which used the protractor. The anteversion did not have any major
influence on RI-OI. Thus, it’s always better to have some guiding
system (digital protractor or angle guide device) during the cup
placement as it increases the accuracy and is better than doing just
by free hand technique alone. Despite the fact that there was sig-
nificant difference between the anteversion achieved by two
techniques, all were within safe zones and there was only one
dislocation reported. So, the comparison cannot prove the superi-
ority of one technique over the other. This study proves that the
accuracy of both techniques can be improved substantially by
taking care of several other factors which can lead to hip disloca-
tion. We recommend comparing the results to a group where the
use of TAL is reinforced by MAG for acetabular cup placement.

There were some limitations of the study. Randomisation was
not done during allocation of groups. The sample size was not large
and a larger scale study can be carried out in future.

In conclusion, TAL can be used as a patient specific guide to
acetabular cup placement and the MAG device is a useful tool to aid
in socket position during primary total hip arthroplasty with due
vigilance in table and patient positioning during surgery. Both are
effective in placing the acetabular cup within safe zones, but the
anteversion achieved by both techniques can differ significantly.
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