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Abstract
Background: Dislocation after total hip arthroplasty (THA) partly under the surgeon’s control, by appropriate placement
of the components. We aimed in this study to determine the accuracy of using intra-operative smartphone applications
(Apps) to place the acetabular cup within the safe abduction angle by less experienced surgeons during THA surgery
when compared to the conventional freehand technique for cup placement.
Methods: Sixty primary THAs were performed, 30 using the conventional freehand technique (control group) and 30
using the smartphone app technique (study group) to determine the acetabular cup abduction angle by the same young
surgeon with less than one year of experience. Postoperative mean cup abduction angle, mean cup anteversion angle,
and the percentage of cups within the safe abduction zone as measured on radiographs were compared between the
two groups.
Results: In the study group, the mean cup abduction angle was significantly lower (P=0.0008), and the acetabular
cup was placed within the safe zone in a significantly higher (P<0.001) percentage of patients (93% vs 63%) when
compared to the control group. However, there was no significant difference (P=0.40) between the two groups when
the mean cup anteversion angle was compared.
Conclusion: The smartphone app technique may help achieve an accurate acetabular cup abduction angle and a
higher percentage of cups placed within the safe zone of abduction by a less experienced surgeon when compared to
the conventional freehand technique. Using tools such as the smartphone app to measure the acetabular cup position
can reduce intraoperative errors by young and less experienced surgeons during THA surgery.
Level of evidence: IV
Keywords: Acetabular cup, Lewinnek safe zone, Total hip arthroplasty, Total hip replacement, Smartphone

Introduction
islocation is associated with primary total hip
arthroplasty (THA) surgery with a reported
incidence rate of up to 5% (1-3). The position
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and orientation of the acetabular cup, as decided and
finalised by the surgeon, is an essential factor associated
with the incidence of postoperative dislocation (4-6).
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Lewinnek et al. originally proposed an abduction angle of
40°±10° and an anteversion angle of 15° ±10° as the “safe
zone” for cup placement during primary THA to prevent
dislocation (7).
Conventionally, cup positioning in terms of version and
abduction angle is adjusted during THA using the freehand
technique where the floor or the bed level, position of
the patient’s pelvis, and the relation of the transverse
acetabular ligament (TAL) to the cup are used as reference
points. However, utilising this freehand technique may
lead to significant variation in cup placement from 25.7%
to 70.5% within the “safe zone” (8-10).
Moreover, recent techniques such as patient-specific
anatomical landmarks, computer-assisted surgery, and
handheld navigation systems have been used to improve
the accuracy of cup placement during primary THA
surgery (10-13). However, these techniques have limited
availability and may increase the cost of surgery (13). The
use of smartphone applications (apps) intraoperatively to
facilitate cup placement during primary THA surgery has
been reported to be accurate and cost-effective (14, 15).
The purpose of this study was to evaluate the effectiveness
of using an intra-operative smartphone app to accurately
place the cup within the safe abduction angle by less
experienced surgeons during THA surgery. This study
also aimed to compare their results with cup placement
accuracy of young, less experienced surgeons who used
the conventional freehand technique for cup placement.
We hypothesised that using intraoperative smart apps
to determine cup position by young, less experienced
surgeons can help achieve better cup placement accuracy
than using the conventional freehand technique.
Materials and Methods
Patients
In this retrospective study, all consecutive patients
who underwent primary THA for hip arthritis, avascular
necrosis, and neck of femur fractures at the study centre
between September 2018 to August 2019 using cemented
or cementless implants where cup placement was
performed using the conventional, freehand technique or
the smartphone app technique were eligible for inclusion.
The exclusion criteria were primary THAs due to posttraumatic arthritis or patients who required acetabular
augments or reconstruction, or patients who did not
consent to be part of the study. Included patients were
divided into the conventional, freehand technique group
(control group) or the smartphone app group (study
group). Ethical approval was waived by the local Ethics
Committee of our institution due to the retrospective
nature of the study. Informed consent was obtained
from all patients. Verbal consent to use the smartphone
intraoperatively was obtained before surgery, as well as
a written signed preoperative consent form as issued
and required by our department, mentioning the use of
a smartphone app during surgery.
Methods
All the procedures were performed by the same surgeon
with less than one year of experience in surgical practice
after his certification. The conventional, freehand
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technique or smartphone app technique was applied
alternatively in patients by the operating surgeon (two
operative lists a week in two different hospitals; in one,
he used the smartphone technique while in the other he
used the conventional technique). All procedures were
performed under spinal anaesthesia through a modified
direct lateral approach to the hip with the patient in the
lateral decubitus position (16). The aim was to achieve an
intraoperative cup abduction angle of 40° and reproduce
the native acetabulum anteversion using the TAL as
a landmark as described by Archbold et al. (10) in all
patients. The implants and instruments were the same
in both groups, where the ZCA all-poly cemented cup
(Zimmer, Warsaw, Indiana, USA) was used in cemented
THAs and the Pinnacle cementless cup (Depuy, Warsaw,
Indiana, USA) was used in cementless THAs.
Surgical steps: draping was done in the same manner
for all cases. In the smartphone app (study) group, a
spirit level app with a built-in compass on an iPhone®
6 smartphone (Apple, Cupertino, CA, USA) was used
(17). The app used the horizontal line of the floor as a
reference point of 0°, and moving the smartphone at an
angle showed the degrees at which the phone was tilted.
After anaesthesia induction and before tilting the patient
to the lateral decubitus position, we used the smartphone
app to ensure that the operative table was parallel to the
floor level and was set at 0°. A metallic marker (ECG lead)
was placed on the ASIS bilaterally, and the patient turned
in the lateral decubitus position on the table and was
secured with posterior sacrum support. Before securing
the anterior support, we measured the angle between the
line connecting the two ASIS markers and the long edge of
the table to detect any pelvic tilt which may happen after
final patient positioning [Figure 1]. If the patient was

Figure 1. Patient positioned in the lateral decubitus position, the
amount of pelvic tilt is measured as the angle between line 1 (table
level) and line 2 (line connecting ASIS).
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obese and the marks could not be accurately placed over
the ASIS, we used fluoroscopy to radiologically measure
the angle between the line connecting the ASIS bilaterally
and the long edge of the table. In an ideal situation, this
ASIS line should be perpendicular to the long edge of the
table in the coronal plane; however, if the pelvis is tilted
towards the head of the patient (abduction), i.e., the angle
is > 90°, we gave it a positive value, and if the pelvis was
tilted towards the feet (adduction), we gave it a negative
value. Any tilt or deviation from the 90° was taken into
consideration during cup placement (e.g., if the pelvis
was titled +5°, we will adjust the cup abduction angle to
45° instead of 40°, which was the target abduction angle
in all cases) and vice versa.
Intraoperatively, the smartphone was placed in a sealable
zip plastic bag sterilised by gas plasma sterilisation. Full
exposure of the acetabulum after performing initial neck
osteotomy was the same for all patients. In the study
group, through the proximal extent of the approach, a
4 mm Schanz screw (from the trauma external fixator
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set) was inserted in the supra-acetabular area about
two centimetres proximal to the superior ridge of
the acetabulum, and care was taken not to penetrate
the acetabulum. A rod from the same set was then
connected to the Schanz screw using a clamp, and the
smartphone app was used to adjust the angle of the rod
to be set to the desired cup abduction angle, which was
previously decided based on measured pelvic tilt. Once
the desired abduction angle was confirmed, the clamp
was tightened, and the angle rechecked and recorded
on the app [Figure 2A]. Central acetabular reaming
was first performed using a small reamer to remove any
central osteophyte. Reaming was progressed, ensuring
that the reamer’s handle was parallel to the supraacetabular rod, and the anteversion was adjusted using
the TAL as a reference [Figure 2B]. Once the final reamer
was reached, the rod angle was rechecked one final time
using the smartphone app. The final acetabular cup was
implanted, ensuring that the cup handle was parallel to
the supraacetabular rod [Figure 2C].

Figure 2. Smartphone guided cup placement technique,
A: angle of a rod connected to the supraacetabular Schanz is adjusted to the desired abduction angle using the smartphone app,
B: reaming is done with the reamer kept parallel to the rod,
C: final cup placement with the handle kept parallel to the rod. (1: smartphone inside a sterilized sealable zip plastic bag with spirit level
app adjusted to the desired angle, 2: supraacetabular Schanz, 3: clamp, 4: rod)
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All surgical steps followed in the control group were
similar to the steps followed in the study group except
for the steps where the smartphone app was used. In the
control group, the acetabular cup abduction angle was
determined visually using the floor or the bed level, while
the anteversion was determined using TAL as a reference.

Methods of assessment
Postoperatively, anteroposterior radiographs of
the pelvis with both hips were used to measure the
postoperative acetabular cup abduction angle using the
method described by Jolles et al. (18). In this previous
study, the angle was measured between the interteardrop as a horizontal reference line and a second line
drawn using the long axis of the eclipse formed by the
cup using the superolateral edge and inferomedial edge
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as reference points [Figure 3]. Cup anteversion was also
measured in all patients using the method described by
Lewinnek et al. (19). All measurements were done using
the IC Measure software (The Imaging Source Europe
GmbH, Bremen, Germany) by one of the authors who was
not the operating surgeon in either of the patient groups.

Statistical analysis
A post hoc power calculation using the primary
variable of the percentage of cups within the safe zone
was performed. Setting the type-I error at 0.05, the
power of the study was found to be 81.8. A comparison
of demographic and radiographic parameters was
compared between the two groups using the t-test for
continuous data and the Fisher’s test for categorical data.
A P value < 0.05 was considered statistically significant.

Figure 3. Pre- and postoperative AP pelvis radiographs of patients in the smartphone (study) group.
A: preoperative radiograph of a male patient, 45 years old with dysplastic right hip treated with cementless THA, B: postoperative radiograph.,
C: preoperative radiograph of a male patient 59 years old with fracture neck of the right femur treated with cemented THA, D: postoperative
radiograph.
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Statistical analysis was performed using the SPSS version
22 software (SPSS, Chicago, Illinois).
Results
There were 30 patients in each group in this study,
and there was no significant difference between the
two groups in terms of baseline characteristics and
preoperative diagnosis [Table 1]. However, a cementless
cup was used in a significantly higher (P=0.001)
percentage of patients in the study group when compared

CUP PLACEMENT USING SMARTPHONE DURING THA

to the control group [Table 1]. In the study group, the
mean cup abduction angle was significantly lower
(P=0.0008), and the acetabular cup was placed within the
safe zone in a significantly higher (P<0.001) percentage
of patients when compared to the control group [Table
2, Figure 4]. However, there was no significant difference
(P=0.40) between the two groups when the mean cup
anteversion angle was compared [Table 2, Figure 4]. The
average pelvic tilt measured in the study group was +0.9°
(SD ± 4.52) and ranged from +7° to -5°.

Table 1. Comparison of patient demographic data in the conventional free-hand group and smartphone application groups
Parameters
Number of patients (n)
Age

Conventional free-hand group
(Control group)

Smartphone application group
(Study group)

P value

30

30

-

58±8.6 (45-72)

55±2.3 (40-61)

0.07

18 (60%)
12 (40%)

20 (67%)
10 (33%)

0.37

Side
Right
Left

13 (43%)
17 (57%)

16 (53%)
14 (47%)

0.20

THA Implant
Cemented
Cementless

20 (67%)
10 (33%)

13 (43%)
17 (57%)

0.001

7 (23%)
5 (17%)
15 (50%)
3 (10%)

6 (20%)
8 (27%)
12 (40%)
4 (13%)

Gender
Male
Female

Diagnosis
Osteoarthritis
Avascular necrosis
NOF fracture
Rheumatoid arthritis

Data presented as mean ± standard deviation (range) or as number (%).
P<0.05 considered as statistically significant
THA – total hip arthroplasty; NOF – neck of femur

0.73

Table 2. Comparison of postoperative cup abduction angle and “safe zone” placement in the conventional free-hand group and smartphone
application groups
Parameters
Number of patients (n)

Mean Cup Abduction Angle

Mean Cup Anteversion angle

Number (%) of cups within the safe
zone of abduction

Conventional free-hand group
(Control group)

Smartphone application group
(Study group)

P value

30

30

-

7.4°±3.7°

0.40

48°±5.0°

43.5°±4.8°

0.0008

19 (63)

27 (93)

<0.001

8.4°±5.3°

Data presented as mean ± standard deviation (range) or as number (%).
P<0.05 considered as statistically significant (bold)
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Figure 4. Scatter plot showing the percentage of cups (in both groups) placed within the safe zone of abduction and anteversion according to
Lewinnek.

Discussion
The important finding in this study is that using a
smartphone app intraoperatively helps achieve accurate
acetabular cup abduction angle and a higher percentage
of cups being placed within the safe zone of abduction
by a less experienced surgeon when compared to
a conventional freehand technique; this proves the
hypothesis of this study.
Although safe zone for cup placement target described
by Lewinnek et al. is commonly accepted, various
definitions of this safe zone have been proposed by both
clinical and biomechanical studies where the target safe
zone varies between 20° to 55° of abduction and 0° to 40°
of anteversion (7, 20, 21). Meermans et al. suggested that
placing a digital protractor over the cup inserter handle
can improve the accuracy of cup placement compared
to visual estimation of the cup position, which may lead
to significant error (22). Similarly, navigation systems,
while associated with increased cost and time of the
procedure, have also been associated with errors (23).
Jolles et al. reported that 20% of the press-fit cups were
placed outside the desired cup alignment in a computerassisted THA group (23).
The intraoperative use of smartphone technology
in THA for improving the accuracy of acetabular cup
placement has been reported previously (14, 15, 24).
Peters et al., in a study of 50 THAs where a phone
app was used to improved accuracy of acetabular
cup placement, reported good results with all cups
being placed within the Lewinnek safe zone, with less
than 5% difference between the preoperative (native
hip inclination), intraoperative (desired inclination
angle), and postoperative acetabular inclinations (15).
Similarly, Pongkunakorn et al., in a comparative study
between conventional versus smartphone app-based
THAs reported that the smartphone group had more

cups positioned within the Lewinnek safe zone when
compared to the conventional group (90.2% vs. 56.1%,
P<0.001) (14). These findings are similar to the findings
in the current study, where 93% of the cups were placed
within the safe zone for cup abduction in the smartphone
app group when compared to 63% of cups in the
conventional group. However, our smartphone app-based
technique was less demanding and more surgeon-friendly
compared to the technique described by Pongkunakorn
et al., where intra-operative fluoroscopy was also used to
confirm the position of the cup and involved inserting a
pin in the ASIS outside the surgical approach, making the
technique more complex (14).
Callanan et al., in an analysis of 2061 consecutive
THAs or hip resurfacing, reported that the risk of
malpositioning increased in low-volume surgeons and
found that the accuracy of cup placement was only 63%
within the targeted safe zone of inclination with a lowvolume and less-experienced surgeon (8). However, in an
in vitro study by Tay et al., where they compared three
methods for cup placement, i.e., freehand, alignment jig,
and phone app, to determine the most accurate technique
for a young inexperienced surgeon to achieve accurate
cup abduction angle, the phone app technique showed
significantly higher accuracy when compared to the
freehand method (24). This is similar to the findings of
the current study, where the accuracy of cup placement
improved significantly in the majority of the THAs (93%)
performed by a less experienced surgeon with the phone
app technique when compared to the freehand technique,
where the less experienced surgeon could place the cup
within the safe abduction zone in only 63% of the THAs.
Hill et al. reported a 12.7° discrepancy between
intraoperative intended cup abduction angle and
postoperative radiographic cup inclination when using
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the floor level as a reference; they attributed this to the
unattended pelvis adduction after the patient positioning
on the table (25). However, in the current study, we
measured the pelvic tilt or adduction using the same
phone app used for cup position and found that our
patients had a mean pelvic tilt of +0.9° (range, +7° to -5°),
which was similar to the mean pelvic tilt reported in the
literature (9, 25). This pelvic tilt was adjusted to the final
cup abduction angle to eliminate the error, which may be
caused due to the pelvic tilt.
This study has some limitations. First, the study’s
retrospective design has its limitations and biases,
and our results should be validated with a prospective
randomised controlled trial. Second, the app technique
can only determine the cup abduction angle and not
the cup anteversion, which is then dependent on the
surgeons’ skill. Third, the measurements were performed
by one of the authors, which were not repeated with no
interobserver or intraobserver validation. Fourth, the
actual surgical time difference between both techniques
was not calculated to define whether the smartphone
technique will need extra time than the conventional
technique. Fifth, as the two patient groups were operated
upon in two different hospitals, this could create patient
selection bias; however, the two hospitals were located

in the same geographical area which makes the basic
characteristics of the patients nearly the same. Moreover,
no selection was implemented regarding the diagnosis
or the complexity of the case to assign patients to either
group. Finally, we have not reported any medium or longterm clinical follow-up to detect any incident of instability
or dislocation in the current study.
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