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Abstract
BACKGROUND
Direct anterior approach (DAA) total hip arthroplasty (THA) in a supine position
provides a unique opportunity to assess leg length discrepancy (LLD) intraoperatively with fluoroscopy. Reported fluoroscopic techniques are useful but are
generally complicated or costly. Despite the use of multiple techniques for leg
length assessment, LLD continues to be a major post-operative source of patient
dissatisfaction further emphasizing the importance of near-anatomic restoration.
The utility of an alternative direct measurement of LLD on an intra-operative
fluoroscopic pelvic image during DAA THA has not been reported.
AIM
To determine the reliability of a novel simple intra-operative measurement of LLD
using a parallel line technique on a single fluoroscopic digital image of the pelvis.
METHODS
One hundred and seventy-one patients who underwent DAA THA were included
for analysis. Intra-operative fluoroscopic and post-operative anterior-posterior
radiographs were imported to TraumaCad and calibrated for LLD measurement.
LLD was measured on each image using the right-left hip differences in lesser
trochanter to pelvic reference line distances. Pelvic reference points included the
teardrops and ischia. Fluoroscopic LLD was compared to the gold-standard
measurement of LLD measured on a post-operative radiograph.
RESULTS
Mean absolute difference in teardrop referenced LLD between fluoroscopic and
post-operative radiographs was 2.17 mm and based on the ischia mean absolute
difference was 2.63 mm. Linear regression of fluoroscopic and post-operative
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radiograph LLD based on teardrop and ischia LLD found r2 values of 0.57 and
0.84, respectively. Mean absolute difference between fluoroscopic and postoperative x-ray LLD was within 5 mm in 95% of cases regardless of pelvic
reference.
CONCLUSION
This study demonstrates that a single fluoroscopic view obtained during DAA
THA for leg length assessment is clinically useful.
Key Words: Leg-length discrepancy; Total hip arthroplasty; Intra-operative fluoroscopy;
Direct anterior approach; Limb asymmetry
©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The direct anterior approach (DAA) for total hip arthroplasty (THA) has
grown in popularity among Orthopaedic Surgeons in recent years. Despite the growth
in this approach for THA, leg length discrepancy continues to be a major source of
post-arthroplasty dissatisfaction in patients. Here we demonstrate that a single intraoperative fluoroscopic image for leg length assessment has clinical significance among
patients undergoing DAA THA.
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INTRODUCTION
Leg length discrepancy (LLD) is a significant source of patient dissatisfaction after
total hip arthroplasty (THA). An error in achieving acceptable leg length may manifest
as discomfort, nerve palsy, pelvic obliquity, compensatory lumbar scoliosis, or result
in need for revision surgery[1-4]. To minimize LLD after THA, multiple techniques
have been developed for intra-operative assessment of leg length. In a survey
conducted by the British Hip Society, surgeons reported utilizing a median of five
techniques during THA to estimate LLD[5].
The direct anterior approach (DAA) for THA with a patient in a supine position has
recently grown in popularity and presents an opportunity to use fluoroscopy intraoperatively to assess component position, size, femoral offset and LLD. Use of a
specialized traction table facilitates this procedure but may also increase reliance on
fluoroscopically based assessment of LLD[6,7]. Reported techniques to assess LLD
intra-operatively with fluoroscopy during DAA THA include printed or virtual image
overlays, concurrent imaging of a radio-opaque linear marker, and computer assisted
image analysis techniques to correct for image distortion[5,8]. These previously
reported fluoroscopic techniques can add time, complexity, radiation exposure, or
significant cost to the procedure.
The aim of this study is to determine the reliability of an alternative novel simple
intra-operative measurement of LLD using a parallel line technique on a single fluoroscopic digital image of the pelvis during DAA THA.

MATERIALS AND METHODS
Subjects
A retrospective study was performed of DAA THA's performed by two fellowship
trained adult reconstruction surgeons between January 1, 2019 and December 31, 2019.
Over this period, 182 patients were identified as eligible for inclusion in this study.
Eligibility criteria included THA done by DAA on a Hana table, an adequate quality
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appropriate intra-operative fluoroscopic image saved, and a standard post-operative
pelvic radiograph available. The fluoroscopic image had to be a centered view of the
pelvis such that both lesser trochanters were visible with all final THA components in
place including the final femoral head. This study was approved by our institutional
review board.

LLD Intra-operative measurement
During each DAA THA, LLD was assessed after trial components were in place using
a single view of the pelvis obtained with an 18-inch OEC image intensifier (GE
Healthcare). The image was typically performed with each leg externally rotated 20
degrees to display the profiles of the lesser trochanters. Once an adequately centered
image of the pelvis was obtained, a line was drawn between the radiographic
teardrops utilizing the OEC digital measurement tool. Then a second line was drawn
through the prominence of the lesser trochanters. The two lines were then visually
inspected to determine how near they were to parallel. Adjustments to trial components were made as necessary and fluoroscopic measurements repeated until
satisfactory leg length was achieved. Other factors considered in determining leg
length included soft tissue tension determined with a “shuck test” and correlation of
intra-operative images with the pre-operative template. After the final components
were placed, a centered fluoroscopic view of the pelvis was saved. This was the same
view of the pelvis used to assess leg length during component trialing. Finally, after
surgical closure, an anterior-posterior (AP) pelvis radiograph was obtained in the OR
with the patient supine on a hospital bed.

LLD Measurement technique
Fluoroscopic and AP radiographs each with the final components in position were
imported to TraumaCad for analysis by two independent observers (Nelms NJ and
Caus S). Fluoroscopic and AP radiographs were calibrated manually to adjust for
image magnification by matching the circular shape of the THA femoral head to the
surgical component size in millimeters as recorded in the subject’s operative note. The
digital leg length comparison tool within TraumaCad was utilized to measure LLD
based on teardrop and ischial pelvic reference lines (Figures 1 and 2). From each
reference line a perpendicular distance was measured to the medial prominence of the
right and left lesser trochanters. The left hip distance was subtracted from the right hip
on both the fluoroscopic and x-ray images so that a positive or negative value
represented which leg was longer. A positive value indicated a longer right leg,
conversely a negative value indicated a shorter right leg. This was important to be able
to define the relative LLD by side in case fluoroscopy and x-ray conflicted as to which
leg was longer.
After all measurements were independently completed by two observers, cases with
an inter-observer disagreement in LLD measurement of greater than 5 mm in either
the intra-operative fluoroscopic images or anterior posterior radiographs were flagged
for repeat measurement[8]. Repeat measurements were again performed
independently to determine if the two observers could agree within 5 mm on LLD
measurement. Of the initial 182 cases there were 25 cases for which two observers
could not agree within 5 mm on LLD and a second independent measurement was
completed. Of these 25 cases, the observers were unable to agree within 5 mm on the
measured LLD in 11 cases. These 11 cases were removed from further analysis because
the measurement inconsistency was attributed to poor image quality or difficult to
define radiographic landmarks. This left a final count of 171 subjects for statistical
analysis.

Statistical methods
The mean, standard deviation, and maximum LLD measured on x-ray and intraoperative fluoroscopy with teardrop and ischium references were calculated (n = 171).
The difference in x-ray and fluoroscopic LLD was calculated by subtraction and the
absolute value taken. The mean absolute difference in x-ray and fluoroscopic LLD
measurements were compared between the teardrop and ischial reference points using
a paired t-test. Linear regression was performed to determine the relationship between
LLD measured with fluoroscopy vs x-ray for both teardrop and ischial references.
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Figure 1 Intra-operative fluoroscopy image capture. Representative image of observer obtained leg length discrepancy measurements on a saved intraoperative fluoroscopic view of the pelvis. Image capture was performed by the OEC image intensifier intra-operatively as described. Shown is a line drawn through
bilateral radiographic teardrops with perpendicular lines to the medial prominence of bilateral lesser trochanters.

Figure 2 Post-operative x-ray image capture. Representative image of observer obtained leg length discrepancy measurements on a corresponding postoperative anterior-posterior x-ray of the pelvis. Single line drawn through bilateral radiographic teardrops with perpendicular lines to the medial prominence of bilateral
lesser trochanters.

RESULTS
Overall mean LLD measured by the teardrops with fluoroscopy was 2.89 mm (SD =
2.07) and by x-ray 2.45 mm (SD = 2.11). Mean LLD measured by the ischia with
fluoroscopy was 3.93 mm (SD = 2.95) and by x-ray 3.27 mm (SD = 3.01) (Table 1).
Measurements with both teardrop and ischial landmarks demonstrated a statistically
significant difference between the mean observed LLD with fluoroscopy compared
with the gold standard x-ray (P = 0.007, P < 0.001). This difference included a bias
toward overestimation of LLD by fluoroscopy especially when using an ischial pelvic
reference.
Based on the teardrops, the mean absolute difference in LLD between fluoroscopic
and x-ray was 2.17 mm (SD = 1.7). Referencing the ischia, the mean absolute difference
in fluoroscopic and x-ray LLD was 2.63 mm (SD = 1.64) (Table 2). There was a statistically significant difference between the ischial and teardrop reference measurements
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Table 1 Comparison of fluoroscopic and x-ray leg length discrepancy
Fluoroscopic

X-ray

Mean

SD

Min

Max

Mean

SD

Min

Max

P value

LLD by Teardrops

2.89

2.07

0.0

11.0

2.45

2.11

0.0

12.5

0.007

LLD by Ischiums

3.93

2.95

0.0

16.0

3.27

3.01

0.0

15.5

< 0.001

Summary descriptive statistics including mean, SD, minimum and maximum values for leg length discrepancy as obtained by two independent observers.
LLD: Leg length discrepancy.

Table 2 Absolute difference in leg length discrepancy
Teardrop

Fluoro-x-ray difference

Ischium

Mean

SD

Min

Max

Mean

SD

Min

Max

P value

2.17

1.7

0.0

9.50

2.63

1.64

0.0

9.5

< 0.001

Absolute difference in mean leg length discrepancy between fluoroscopy and x-ray obtained measurements using radiographic teardrop or ischium
reference points. All measurements were obtained by two independent observers.

of LLD, with a larger discrepancy between x-ray and fluoroscopic LLD observed using
the ischial reference points (P < 0.001).
Linear regression of fluoroscopic and x-ray measurements based on the teardrops
and ischia found r 2 values of 0.57 and 0.84, respectively (Figure 3). Despite the
observed statistical differences, the absolute difference in LLD between fluoroscopic
and x-ray measurements with either landmark was within 5 mm in 95% of cases. In
only 1.8% of cases were both teardrop and ischial referenced fluoroscopic LLD
measurements greater than 5 mm different from the gold standard x-ray LLD.
Furthermore, we achieved a LLD of < 5 mm in 88.9% of patients and of < 10 mm in
98.8% of patients as assessed on a gold-standard post-operative x-ray of the pelvis.

DISCUSSION
Direct measurement of LLD on a single fluoroscopic view of the pelvis during DAA
THA provided a clinically reasonable estimation of LLD in most of our cases. Using
the teardrops for pelvic reference resulted in the closest association between intraoperative fluoroscopic and post-operative x-ray LLD. Although an ischial reference
had a stronger linear correlation for LLD than the teardrops, there was a greater
systematic overestimation of LLD when measuring from the ischia with fluoroscopy.
Nonetheless, the difference between fluoroscopic and x-ray assessment of LLD using
either teardrop or ischial landmarks was typically relatively small from a clinical
standpoint. The fluoroscopic measurements with either pelvic landmark were in
agreement with post-operative x-ray LLD measurements by a margin of 5 mm in 95%
of cases. This degree of accuracy is useful because up to a 5 mm LLD is widely
considered clinically insignificant and even up to and slightly beyond 10 mm may not
be clinically meaningful[8-11]. For comparison, this simple technique appears more
accurate than intra-operative x-ray assessment of LLD with patients in a lateral
position. One study found that taking an x-ray with a patient in a lateral position
resulted in 20% of cases displaying an intra-operative LLD measurement more than 5
mm different from that measured on a post-operative supine AP pelvis x-ray[12]. It
also remains unclear as to the amount of post-operative LLD that can be tolerated
without impacting patient function or satisfaction post-operatively[11,13]. Some
studies have shown no clinically significant detrimental outcomes in LLDs
approaching or even greater than 10 mm, while others have reported significantly
worse OHS scores in patients able to perceive any LLD post-operatively[14,15].
Despite evidence that some LLD can be well tolerated after THA, restoration of near
anatomic leg length is an important goal. Minimizing LLD after THA is critical
because patient perceived post-operative LLD can result in post-operative joint pain,
early revision arthroplasty or litigation[16].
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Figure 3 Measured leg length discrepancy. A: Measured leg length discrepancy based on teardrop reference point. Comparison showing mean x-ray leg
length discrepancy (LLD) and fluoroscopic LLD using radiographic teardrop reference points as measured by two independent observers. Corresponding linear
regression r2 value of 0.56; B: Measured leg length discrepancy (LLD) based on ischium reference point. Comparison showing mean x-ray and fluoroscopic LLD
using ischium references points as measured by two independent observers. Corresponding linear regression r2 value of 0.87. LLD: Leg length discrepancy.

While there is growing clinical evidence in support of a DAA for THA, there is not a
gold-standard technique for intra-operative LLD assessment[1,7,13,17]. Previously
reported fluoroscopic techniques can add time, complexity, or cost[18-21]. One
common technique is overlaying traced printed fluoroscopic images of the
contralateral hip, or of the operative hip taken at the start of the procedure, with an
image of the operative hip with trial implants in place. This relies heavily on accurate
tracing and the surgeon may risk breaching sterility to draw on the images themselves.
Also access to a fluoroscopic printer and the cost of printing supplies may prevent this
from being universally available to surgeons. Another simple technique is to lay a
transverse metal rod over the patient while images are taken until the rod is positioned
in a way to estimate a relative LLD. Unfortunately, this usually requires multiple
fluoroscopic images to achieve appropriate position of the rod. More specialized
computer assisted techniques can partially automate LLD comparisons by allowing
virtual image overlays, image stitching, and image correction for distortion. All of
these commercial products based on advanced technology add cost.
The benefits of fluoroscopy during DAA THA are technique dependent, but
fluoroscopy can provide an intra-operative assessment of leg length, offset, component
size, and implant position[22-25]. Interestingly, Bingham et al[26] found no significant
difference in post-operative LLD with or without use of intra-operative fluoroscopy
when DAA THA was performed by very experienced surgeons with specific
techniques which differ from ours. They achieved an impressive mean post-operative
LLD of only 1.1 mm with fluoroscopy and 0.8 mm without. However, all DAA THA’s
performed in that study without fluoroscopy were performed on a standard operating
table with both legs draped to allow direct visual comparison of LLD. Potential
benefits of DAA THA on a specialized traction table include improved surgical
exposure and access for intra-operative fluoroscopy. Fluoroscopic assessment of LLD
is particularly helpful when a specialized traction table is used for DAA THA because
the patient’s feet are placed in traction boots which prevents direct clinical comparison
of LLD. Even the two most commonly used intra-operative fluoroscopic measurement
techniques to minimize image distortion may not result in anatomic leg length
restoration. Austin et al[8] reported an average LLD measured on final post-operative
x-rays relative to the teardrops of 4.8 mm using fluoroscopic tracing and 4.4 mm using
a transverse metal rod technique[8]. These values are similar but surprisingly greater
than our comparable average post-operative LLD of 2.45 mm LLD on post-operative xrays. Austin et al[8] also reported that of the two fluoroscopic techniques, even the
most accurate resulted in a final LLD of < 5 mm in only 59.6% of patients but of < 10
mm in 95.3%, which contrasts with our rates of 88.9% and 98.8%, respectively.
We found the assessment of LLD on a single fluoroscopic view of the pelvis to be a
useful and simple technique of moderate accuracy. We suspect that by drawing lines
through the teardrops or ischiums and comparing this to a line through the lesser
trochanters is effective because image distortion is partially cancelled by such effects
on both lines. In our clinical practice, we have achieved success by combining this
parallel line fluoroscopic estimation of LLD with careful pre-operative templating and
assessment of THA tension with a “shuck test” using a bone hook to feel the force
necessary to distract the hip. We believe it is important to have more than one
technique to estimate LLD intra-operatively. This study shows the clinical usefulness
of fluoroscopy during THA on a traction table using a very simple technique.

WJO

https://www.wjgnet.com

855

November 18, 2021

Volume 12

Issue 11

Caus S et al. Fluoroscopic image LLD in DAA THA

Our study does have several limitations. In 6% of cases, our independent observers
could not agree within 5 mm on the LLD measurements. This demonstrates some
subjectivity in identifying radiographic landmarks despite efforts to establish
consistency in these measurements between observers prior to beginning this study.
We believe it was reasonable to exclude these cases so that the effects of subjective
image interpretation can be diminished. We acknowledge that any measurement of
LLD based on imaging of the pelvis alone may not represent discrepancy in overall leg
lengths. True leg length comparison requires clinical evaluation or long leg x-rays,
each of which also have their own intrinsic inaccuracies. Even so we demonstrate that
combining this fluoroscopic technique with careful pre-operative templating and
assessment of joint laxity resulted in minimal average post-operative LLD apparent on
x-ray. And this demonstrates that the effects of intra-operative fluoroscopic image
distortion do not preclude the clinical usefulness of this simple technique. Our
findings are in contrast to the degree of fluoroscopic distortion observed by Carlson et
al[27]. This could be because there was less electromagnetic interference in our
operating suites or the use of a different model of C-arm.

CONCLUSION
An intra-operative estimation of LLD of moderate accuracy can be achieved during
DAA THA by assessment of a simple AP fluoroscopic image. Assessment of LLD with
this technique is achieved by comparing how parallel a digital line drawn through the
radiographic teardrops is to a line drawn between corresponding points on the lesser
trochanters.

ARTICLE HIGHLIGHTS
Research background
The direct anterior approach (DAA) in total hip arthroplasty (THA) with a patient in
the supine position has gained popularity in recent years and provides an opportunity
for intra-operative fluoroscopy for assessment of leg length discrepancy (LLD), as well
as other intra-operative parameters of interest to Orthopaedic surgeons. LLD remains
a significant source of patient dissatisfaction post-arthroplasty and we recognize an
opportunity to evaluate the reliability of a novel simple parallel line technique on a
single intra-operative fluoroscopic image.

Research motivation
The increase in popularity of the DAA THA combined with the opportunity to utilize
intra-operative fluoroscopy has made surgeons wonder about the reliability of
fluoroscopy in the clinical setting. We aimed to provide an assessment of this based on
a simple parallel line technique on a single intra-operative fluoroscopic image of the
pelvis once final arthroplasty components had been positioned.

Research objectives
The primary objective of this study was to understand the accuracy and reliability of a
novel simple intra-operative fluoroscopy LLD assessment technique as compared to
the standard post-operative x-ray.

Research methods
171 intra-operative fluoroscopic and anterior-posterior (AP) radiographs with final
components in position were imported to TraumaCad for observer LLD analysis. LLD
measurements were taken on each image utilizing right-left hip differences in lesser
trochanters to two separate pelvic reference points. These were either the radiographic
teardrops or ischia. Fluoroscopic LLD measurements were compared to the standard
measurement of LLD on a post-operative AP radiograph.

Research results
Mean absolute difference between fluoroscopic and post-operative x-ray LLD was
within 5 mm in 95% of cases regardless of pelvic reference point. Utilizing the simple
parallel line technique on a single fluoroscopic image of the pelvis we achieved an
LLD of < 5 mm in 88.9% of subjects and of < 10 mm in 98.8% of subjects as measured
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on the gold-standard post-operative x-ray.

Research conclusions
We demonstrate moderate accuracy in estimation of LLD intra-operatively by
assessment of a simple AP fluoroscopic image, specifically with a novel simple parallel
line technique. This technique is performed by visually comparing how parallel a
digital line drawn trough the radiographic teardrops is to a line drawn between corresponding points on the lesser trochanters. We acknowledge the importance of
continuing to have more than one technique intra-operatively to most accurately
estimate LLD.

Research perspectives
Our study adds to a body of research investigating the clinical usefulness of intraoperative fluoroscopy in the DAA THA, specifically we demonstrate that this
technique has clinical benefit in our cohort of patients. Not only do we hope this adds
to the body of research and clinical understanding of fluoroscopy, but also hope it can
be utilized as an additional reliable technique for assessment of intra-operative LLD.
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