Original Article Journal of Orthopaedic Case Reports 2026 April:16(4):Page 412-419

Intraoperative Assessment of Combined Anteversion Using the Ranawat
Technique with a Smartphone Application: A Prospective Computed
Tomography-based Agreement Study in Uncemented Total Hip
Arthroplasty

Sreekanth Kashayi- Chowdojirao1 , Safia Sultana', K K Kiran Kumar', Ramakrishna Narayananz,
Chandrasekhar Patnala’

Learning Point of the Article:
Smartphone-assisted intraoperative assessment of combined anteversion using the Ranawat technique provides a practical, low-cost
method in uncemented total hip arthroplasty, particularly where navigation or robotic systems are unavailable.

Introduction: Optimal component positioning is critical for stability following total hip arthroplasty (THA). Combined anteversion (CA),
incorporating both acetabular and femoral component orientation, has been proposed as a more reliable stability parameter than isolated
acetabular positioning. However, accurate intraoperative assessment of CA without navigation remains challenging. This study prospectively
evaluated the reliability and feasibility of surgeon-estimated CA using the Ranawat coplanar test compared with post-operative computed
tomography (CT) measurements and correlated these findings with short-term functional outcomes.

Materials and Methods: This prospective observational study included 45 consecutive patients undergoing uncemented THA at a single
tertiary care center. Intraoperative CA was estimated using the Ranawat coplanar test with smartphone-assisted goniometric measurement.
Post-operative CT scans were used to calculate CA using Widmer’s formula. Agreement between intraoperative and CT measurements was
assessed using paired statistical analysis and the intraclass correlation coefficient (ICC). Functional outcomes were evaluated using the Harris
Hip Score (HHS) over 6 months.

Results: Mean intraoperative CA was 34.13° £ 8.39°, and mean CT-calculated CA was 36.01° + 13.08°, with a mean difference of 1.88° (P =
0.177). Moderate agreement was observed (ICC = 0.65; 95% CI: 0.47-0.79). Mean HHS improved from 46.16 preoperatively to 90.87 at 6
months.

Conclusion: Intraoperative CA estimation using the Ranawat coplanar test demonstrated acceptable agreement with CT-based measurements.

Keywords: Combined anteversion, total hip arthroplasty, component positioning, computed tomography, intraoperative assessment of
combined anteversion, Ranawat technique.

Introduction of end-stage hip arthritis, with success dependent critically on
Total hip arthroplasty (THA) has revolutionized the treatment optimal component positioning[1]. While Lewinnek’s
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Figure 1: Acetabular positioning guides.

acetabular “safe zone” (40° + 10° inclination and 15° + 10°
anteversion) has guided cup placement for decades [2],
accumulating evidence demonstrates that isolated acetabular
positioning is insufficient for stability, particularly with
cementless femoral stems where anatomic constraints
unpredictably influence orientation [3,4]. The concept of
combined anteversion (CA), i.e., the sum of acetabular and
femoral anteversion, was introduced by McKibbin based on
anatomical studies, which showed physiological CA ranges
from 30° to 40° [S], and has since been applied to THA [6].
Widmer’s formula (CA = Cup Anteversion + 0.7 x Femoral
Anteversion, optimal target 37.3°) [7] and clinical studies
demonstrating a 6.9-fold increased dislocation risk outside the

40-60° CA range [8] have established CA as a
more comprehensive parameter for stability.
Previous studies have further validated this
concept [3,9]. The Ranawat coplanar test is a
clinical method that provides intraoperative CA
assessment [10], though studies comparing
surgeon estimates with computed tomography
(CT) measurements show precision values of
11-17° and errors exceeding 10° in 23% of cases
[11]. ACT scanis the best method to assess exact
component positioning in multiple planes
[12,13]. While navigation and robotic systems
offer enhanced precision, their prohibitive costs
limit accessibility in resource-constrained
settings [14]. Previous studies have evaluated
surgeon estimation accuracy for isolated
acetabular [ 12] or femoral [11] components, but
a comprehensive assessment of CA using the
Ranawat technique against post-operative CT measurements of
the version remains limited. The purpose of this study was to
prospectively evaluate the reliability of surgeon estimation of
CA with a smartphone application using the Ranawat coplanar
test in uncemented THA, by comparing with post-operative
CT scan calculations, and to correlate these measurements with
short-term functional outcomes.

Materials and Methods

This study was designed as a single-center prospective
observational study to assess the feasibility and reliability of
surgeon-estimated CA in routine practice. This study included

Figure 2: Smartphone application (Imagemeter) measuring the internal rotation of the hip from the foot end of the table. A clinical photograph was captured

from the foot end of the operating table with the tibia visible against a horizontal reference, and the angle made by the tibia with the horizontal is measured as

combined anteversion (a). With the hip at neutral flexion-extension, the leg was internally rotated until the femoral head became coplanar with the acetabular

cupbase (b).
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Figure 3: Computed tomography measurement of acetabular inclination (a)
and acetabularanteversion (b).

4S consecutive patients who underwent uncemented THA at
our tertiary care center. Institutional ethics committee approval
was obtained (No: 1310/2022; Date: March 30, 2022), and all
patients provided written informed consent. The study was
conducted in accordance with the Declaration of Helsinki.

Patients with osteoarthritis of the hip who consented to the
study were included, and patients with active infection, medical
contraindications to surgery, ipsilateral femoral deformity, or
patients requiring cemented fixation were excluded from the

study. Standard pre-operative radiographs of the affected hip
and pelvis were taken before surgery and in the post-operative
period, along with a CT scan from the lumbar spine (L2) to the
knee for assessment of CA. Functional outcome was analyzed
using the Harris Hip Score (HHS) [15] in the pre-operative and
post-operative period.

All procedures were performed by two senior surgeons (KCS,
PC) using the posterior approach with patients in the lateral
decubitus position under combined spinal-epidural anesthesia.
The operating table was positioned horizontally without tilt
using a spirit level to standardize pelvic orientation. Following
standard capsulotomy and femoral head dislocation, acetabular
preparation proceeded with sequential reaming. Cup
positioning targeted anatomical anteversion by aligning the
inferior edge parallel to the transverse acetabular ligament
[16,17], an important anatomical landmark for patient-specific
cup orientation. After press-fit cup implantation, femoral canal
preparation and uncemented stem insertion followed.
Intraoperative acetabular inclination and anteversion were
estimated by the surgeon using anatomical landmarks
(transverse acetabular ligament, anterior and posterior walls)
and external guides [16,17] (Fig. 1).

Intraoperative CA assessment

Following trial reduction, CA was assessed using the Ranawat
coplanar test [ 10]. With the hip at neutral flexion-extension, the
leg was internally rotated until the femoral head became
coplanar with the acetabular cup base. A clinical photograph
was captured from the foot end of the operating table with the
tibia visible against a horizontal reference. The internal rotation
angle was measured using a smartphone application (Image
Meter, Android) [18], installed on a single standardized

Figure 4: Computed tomography measurement of femoral anteversion.
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Android smartphone (Redmi Note 10 Pro Max model used
consistently for all cases). Calibration was performed before
each use by verifying measurements against a predetermined
reference angle on a flat surface. This technique has been
previously used intra-operatively to assess acetabular
component orientation in THA [19,20,21] (Fig. 2). The
resulting internal rotation angle represented the intraoperative
CA estimate. The elevated acetabular liner was placed
appropriately based on the CA value obtained to provide
additional support.

Post-operative assessment

Anteroposterior pelvis and cross-table lateral hip radiographs
were obtained on the 2nd post-operative day, along with a CT-
scan (from L4 vertebra to distal femoral condyles). Acetabular
anteversion, inclination, and femoral anteversion were
measured on CT images using standardized radiological
techniques by two qualified surgeons who were not part of the
operating team [ 13, 22] (Fig. 3 and 4). CA was calculated using
Widmer’s formula: CA = acetabular anteversion + 0.7 x femoral
anteversion [7]. Measurements from the contralateral native
hip served asanatomical reference values.

Table 1: Patient demographics and surgical
characteristics (n=45)

Variable Value

Number of hips 45
Age (years), mean+SD (range)| 43.69+11.96 (24-77)
Male: 30 (66.7%)
Female: 15 (33.3%)
Right: 28 (62.2%)
Left: 17 (37.8%)

Sex, n (%)

Side operated, n (%)

Primary diagnosis, n (%)
e Avascular necrosis (AVN)

14 (31.1%)

e Primary osteoarthritis (OA) 13 (28.9%)
e AVN with OA 8 (17.8%)

e Rheumatoid arthritis 2 (4.4%)

e Ankylosed hip 1 (2.2%)

e Others* 7 (15.6%)
Comorbidities present, n (%) 17 (37.8%)

Surgical approach Posterior (100%)
Fixation Uncemented

Operative time (min),

121.89+16.21 (95-150
mean+SD (range) ( )

*QOthers include OA with subluxation, post-traumatic
arthritis, protrusio-acetabulum, and post-fixation
arthritis. SD: Standard deviation

Follow-up and outcomes

Patients were followed at 10 days, 1 month, 3 months, and 6
months. Functional outcome was assessed by independent
surgeons who were not part of the operating team, using HHS
[15] at each visit, graded as poor (<70), fair (70-79), good
(80-89), or excellent (90-100). Complications, including
dislocation, infection, and periprosthetic fracture, were
recorded.

Statistical analysis

Continuous variables are presented as mean * standard
deviation. Paired t-tests compared intraoperative estimates with
CT measurements. Statistical significance was set at P < 0.0S.
Agreement between intraoperative surgeon-estimated CA and
post-operative CT-calculated CA was assessed using the
intraclass correlation coefficient (ICC). A two-way mixed-
effects model with absolute agreement for single measurements
(ICC [3, 1]) was used to compare the two measurement
methods. ICC valueswere interpreted as poor (<0.5 ), moderate
(0.5-0.75),good (0.75-0.9), or excellent (>0.9).

Results

Patient demographics and surgical characteristics (Table
1)

Mean intraoperative CA assessed by the Ranawat test was
34.133° + 8.3879° (range 13.5-50.0°). Post-operative CT-
calculated CA was 36.0147° £ 13.08456° (range 8.96-67.20°).
The mean difference of 1.88° was not statistically significant (P
= 0.177). Intraclass correlation analysis demonstrated
moderate agreement between intraoperative surgeon-
estimated CA and post-operative CT-calculated CA (ICC =
0.65; 95% CI, 0.47-0.79). 73.33% of patients (n = 33) had CA
values within the acceptable safe zone of 20-50°. Post-operative
CA was significantly greater than contralateral native hip CA
(27.1016°+7.16071°,P=0.001) (Table2).

Intraoperative estimate of acetabular inclination (36.22° +
5.950°) closely matched CT measurement (36.247° +6.2632°),
with a mean difference of 0.0244° (P = 0.970). Intraoperative
estimate of acetabular anteversion (25.76° £ 7.679°) was
significantly lower than CT measurement (28.236° +
12.9445°), with a mean difference of 2.48° (P = 0.039). Post-
operative acetabular anteversion exceeded contralateral native
hip (18.691° + 6.2671°, P = 0.001). Post-operative femoral
anteversion measured on CT was 11.1116° + 8.03379° (range
—10.00° to 30.10°). No significant difference existed between
the operated side and contralateral native femoral anteversion
(12.6822°+7.73181°,P=0.347).
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In the present prospective CT-based

Table 2: Comparison of intraol-)erati‘ve and CT-measured component agreement study, the mean intraoperative CA
orientation . . .

: assessed using the Ranawat technique with a

Parameter inraoperative - Clmeasurement = Mean (221U smartphone application was 34.13° + 8.38°

estimate (Mean+SD)  (Mean+SD) difference P PP ] e Ty

Combined whereas post-operative CT-calculated CA was

amezzsi‘gz © 34.1348.39 36.01+13.08 1.88 0.177 | 36.01° + 13.08°. The mean difference of 1.88°

ootabul between the two methods was not statistically

Acetabular 36.22+5.95 36.2546.26 0.02 097 | significant (P = 0.177), indicating no
inclination (°) . . . .

systematic bias between intraoperative

Aceta‘t?ular 25.76+7.68 28.24+12.94 2.48 0.039 estimation and CT-based measurement.

anteversion (°) . .

Intraclass correlation analysis demonstrated

Femoral 12.1046.28 11.1148.03 0.99 0.307 | moderate agreement (ICC = 0.65; 95% CI,

anteversion (%) 0.47-0.79). Although this level of agreement

CT: Computed tomography, SD: Standard deviation indicates reasonable clinical correlation

Functional outcomes and complications

Mean pre-operative HHS was 46.16 + 9.714 (range 30-65). At
1 month postoperatively, HHS improved to 89.67 + 4.338
(range 77-96, P = 0.001). At 6 months, HHS reached 90.87 +
3.202 (range 83-96, P = 0.001 vs. pre-operative; P = 0.001 vs. 1
month, mean improvement 1.2 points). At 6 months, 40 hips
(88.9%) achieved excellent results (HHS >90), and S hips
(11.1%) achieved good results (HHS 80-89) (Table 3). No
cases of dislocations or periprosthetic fractures occurred during
the 6-month follow-up. There was one case of superficial
wound infection, which was managed with debridement and
closure, along with antibiotics, that healed without any further
complications.

Discussion

Accurate restoration of CA in THA is critical to optimize
stability, range of motion, impingement-free articulation, and
implant longevity. Malposition of either the acetabular or
femoral component can predispose to instability, edge loading,
accelerated wear, and early failure [ 22, 23,24 ]. While Lewinnek
et al. originally described a “safe zone” for acetabular
positioning [2], subsequent investigations have emphasized
that component positioning must be interpreted in the context
of femoral version; thus highlighting the importance of CA [7,
25, 26]. Ranawat originally proposed the concept of CA to
reduce the risk of instability by accounting for both femoral and
acetabular components [25]. Subsequent refinements by
Widmer and Zurfluh mathematically modeled optimal CA to
minimize impingement [7], and Dorr et al. emphasized
functional CA based on spinopelvic dynamics [26]. Compared
to these CT-based or navigation-based approaches, the present
study evaluated a simple intraoperative clinical assessment
augmented by a smartphone goniometer, thereby offering a
cost-effective and widelyaccessible alternative.

between intraoperative estimation and CT-
based measurement, it also suggests variability
that may affect reproducibility, particularly among less
experienced surgeons.

This CA value approximates Widmer’s optimal target of 37.3°
[7] and falls within the safe range of 25-45° advocated by Dorr
et al. [3] and 40-60° by Jolles et al. [8], corroborated by
excellent functional outcomes (mean HHS 90.9 at 6 months)
and absence of dislocation during follow-up. While Dorr et al.
[11] reported poor precision of the Ranawat test in a
navigation-based comparison, the present study demonstrates
improved performance, likely attributable to systematic
photographic documentation with smartphone goniometry
[19,20,21] rather than pure visual estimation, and strict
adherence to standardized patient positioning. Our findings are
consistent with Nakashima etal., [9] who reported a significant
reduction in dislocation rates when CA principles were applied.
Importantly, 73.33% of patients (n = 33) achieved post-
operative CA values within the generally accepted safe zone of
20-50°, as described in the literature [ 7, 25]. This proportion is
comparable to reports from conventional instrumentation
series and supports the practical applicability of the Ranawat-
based method in uncemented THA. Although the post-
operative CA was significantly greater than the contralateral
native hip CA (27.10° £ 7.16°, P = 0.001), no instability events
occurred during follow-up, suggesting that slightly increased
anteversion within the acceptable range may not adversely
affect short-term outcomes.

Regarding individual component positioning, intraoperative
acetabular inclination (36.22° + 5.95°) showed excellent
agreement with CT measurement (36.25° + 6.26°), with a
negligible mean difference. This finding reflects the reliability
of goniometer-assisted assessment for coronal plane
positioning, consistent with previous reports validating digital
methods for acetabular alignment, other than navigation
[27,28]. In contrast, intraoperative acetabular anteversion
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(25.76° + 7.68°) was significantly lower than CT-measured
anteversion (28.24° + 12.94°), with a mean difference of 2.48°
(P =0.039). This discrepancy may be attributed to differences
between operative reference planes and CT-based anatomical
reference planes, as well as the influence of pelvic tilt [29, 30].
Post-operative acetabular anteversion was also significantly
higher than that of the contralateral native hip (18.69°+ 6.27°, P
= 0.001), which may reflect intentional targeting of a higher
anteversion to compensate for femoral version variability. Post-
operative femoral anteversion measured on CT was 11.11° +
8.03°, comparable to the contralateral native femur (12.68° +
7.73°% P = 0.347). This suggests that the uncemented femoral
component largely reproduced native femoral version,
consistent with prior studies demonstrating that modern
tapered stems tend to follow native femoral anatomy [31,32].
The relatively wide range (—~10-30°) underscores the inherent
variability in femoral anatomy and reinforces the importance of
evaluating combined rather than isolated component
anteversion.

Functional outcomes were excellent. Mean HHS improved
significantly from 46.16 preoperatively to 89.67 at 1 month and
90.87 at 6 months (P = 0.001). At 6 months, 88.9% of hips
achieved excellent results, and 11.1% achieved good results,
with no fair or poor outcomes. Notably, there were no
dislocations or periprosthetic fractures during follow-up. Only
one superficial wound infection occurred, successfully
managed with debridement and antibiotics. The absence of
instability events further supports the adequacy of the achieved
CA range, consistent with literature correlating optimized CA
with reduced dislocationrisk [24,25,26].

Table 3: Functional outcomes and complications

Harris hip score (HHS)

Time point Mean=SD (range)
Pre-operative 46.16+9.71 (30-65)
1 month 89.67+4.34 (77-96)
6 months 90.87+3.20 (83-96)
Clinical outcome at 6 months
Outcome category Number (%)
Excellent (HHS >90) 40 (88.9%)
Good (HHS=80-89) 5 (11.1%)
Fair=(HHS = 70-79) 0
Poor = (HHS= <70) 0
Complications
Complication Number
Dislocation 0
Periprosthetic fractures 0
Superficial wound infection 1

This study has several limitations. First, the small sample size
reflects ethical and practical constraints related to post-
operative CT imaging, which is not routinely performed
following THA and involves additional radiation exposure.
Although the prospective design represents a methodological
strength, it also limited recruitment feasibility and contributed
to the relatively small sample size. Second, this was a single-
center study performed at a tertiary referral institution, which
may introduce institutional practice bias and limit external
validity. Third, the procedures were performed by two
experienced surgeons, and the intraoperative estimation relied
on surgeon’ judgment using the Ranawat technique; therefore,
the reproducibility of this method may vary among surgeons
with different levels of experience. Furthermore, interobserver
and intraobserver reliability of CT-based measurements of
component anteversion were not assessed and constitute a
further limitation of this study. In addition, the short-term
follow-up does not allow assessment of long-term
complications or implant survivorship. Finally, the use of a
specific smartphone application and intraoperative positioning
techniques of patients may introduce potential measurement
variability related to pelvic tilt, camera positioning, and limb
alignment.

The principal strength of this study lies in its prospective design
and use of a smartphone goniometer application to assess the
CA using the Ranawat technique, offering a low-cost and
practical solution, particularly in resource-limited settings.
Longer follow-up is required to determine whether these
alignment parameters translate into sustained functional
benefitand implant survivorship.

Conclusion

The surgeon’s estimation of CA using the Ranawat coplanar test
with smartphone-assisted measurement demonstrates
moderate agreement with CT-based calculations. In settings
where navigation and robotic technologies are not readily
available, this technique represents a fair way of estimation of
CAinuncemented THA, although intersurgeon variability may
influence the consistency of results.

Clinical Message

In resource-limited settings where component positioning relies
heavily on surgeon expertise, smartphone-assisted assessment of
combined anteversion using the Ranawat coplanar technique
provides a simple and accessible intraoperative adjunct that may aid
component orientation and improve surgical precision in
uncemented total hip arthroplasty.
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