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Objective
Purpose

To determine the agreeability of femoral torsion 
measurements on axial and axial-oblique magnetic 
resonance imaging (MRI) sequences in patients with 
femoroacetabular impingement syndrome (FAIS).
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Materials and Methods
Patient Selection

• Inclusion criteria 
• All patients undergoing primary hip arthroscopy for FAIS between January 2012 – January 2019,

• Clinical and radiographic diagnosis of symptomatic FAIS, failure of conservative management (physical 
therapy, oral anti-inflammatories and/or intra-articular cortisone injection)

• Available magnetic resonance imaging (MRI) containing the pelvis and transcondylar slices of the knee. 

• The exclusion criteria 
• Revision surgery

• Patients with Tönnis grade >1

• Patients with developmental hip disorders (Legg-Calve-Perthes disease, slipped capital femoral 
epiphysis)

• Patients without axial and oblique-axial MRI scans containing the pelvis and knee.
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Materials and Methods
Femoral Torsion Measurement Technique

• True-axial measurements were made on a single transverse slice using a previously described 
and validated method by Hernandez et al. 

• Oblique-axial measurements were made on a single transverse slice using the technique 
described by Jarett et al.
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Materials and Methods
Reliability and Bland Altman Analysis

• Reliability
• True-axial and oblique-axial femoral torsion was measured by an orthopedic surgeon on 

two separate occasions with over one-month time between measurements. 
• A trained biomedical engineer also measured true-axial and oblique-axial femoral torsion 

for inter-rater reliability. 
• Bland Altman 

• Determining Limits of Agreement - The acceptable level of error was set based on an a 
priori standard error cut off, equal to the average error reported between true-axial femoral 
torsion measurements at separate timepoint or oblique-axial femoral torsion 
measurements at separate timepoints. 

• Given that there was greater error between repeated true-axial measurements (standard 
deviation 1.66°) than with repeated oblique-axial measurements (standard deviation 0.99°), 
the acceptable error for subsequent analysis was based on the true-axial measurements. 
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Results
Demographics, Baseline Characteristics, and Femoral Torsion

• Demographics (n=164)
• Age: 30.1 ± 13.0 years 
• Sex: 68.6% female
• BMI: 24.5 ± 4.8 kg/m2

• Femoral Torsion Measures
• True-axial: 12.2° ± 9.9°
• Oblique-axial: 11.1° ± 9.2°
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Results
Intra- and Inter-rater Reliability

Intra- and Inter-rater reliability of Femoral Torsion Measurements

Measurement 1 Measurement 2 ICC 95% CI Sig

Intra-rater
R1 Axial 1 R1 Axial 2 0.993 [0.990-0.995] < 0.001

R1 Oblique 1 R1 Oblique 2 0.997 [0.996-0.998] < 0.001

Inter-rater

R1 Axial 1 R2 Axial 1 0.925 [0.846-0.957] < 0.001

R1 Axial 2 R2 Axial 1 0.932 [0.834-0.965] < 0.001

R1 Oblique 1 R2 Oblique 1 0.965 [0.946-0.976] < 0.001

R1 Oblique 2 R2 Oblique 1 0.961 [0.938-0.974] < 0.001

Abbreviation: R1, reader 1; R2, reader 2; Axial 1, axial measurement timepoint 1; Axial 2, axial measurement at 
timepoint 2; CI, confidence interval
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Results
True-Axial versus Oblique Axial Agreement Analysis
Reliability Analysis of Axial and Oblique-Axial Measurement of Femoral Torsion

Mean Difference Standard 
Deviation Lower* Limit Upper* Limit % of Differences 

within LOA

Axial 1 vs Oblique 1 1.08 4.43 -2.17 4.33 58.54%

Axial 2 vs Oblique 2 1.10 4.76 -2.15 4.35 55.48%
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Results

Oblique-axial 
measurements at 

multiple time points 
(r = 0.994, p < 0.001)

True-axial 
measurements at 

multiple time points 
(r = 0.986, p < 0.001)

True-axial and oblique-
axial measurements 
(r = 0.894, p < 0.001)

Bivariate correlation analysis of MRI sequences for femoral torsion
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Results
Regression analysis of MRI sequences for femoral torsion

• This model was statistically 
significant (p<0.001) and indicated 
that for each additional one-
degree increase in femoral torsion 
measurement on true-axial 
sequences, the oblique-axial 
femoral torsion measurement only 
increased 0.837 (95% CI [0.772-
0.901] 
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Conclusions
Regression analysis of MRI sequences for femoral torsion

• Femoral torsion values measured on oblique-axial sequences are smaller 
than on true-axial sequences. 

• Femoral torsion measurements on axial and oblique-axial MRI sequences 
exhibit poor agreement. 

• Oblique-axial sequences demonstrated greater measurement consistency 
at multiple timepoints. 

• When evaluating torsional measurements, it is important to delineate 
which axial sequence was used, especially in patients with suspected 
severe femoral antetorsion. Standardization of MRI femoral version 
protocols within one’s practice can ensure more consistent decision-
making. 
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Significance of the Findings

• Agreeability on Bland Altman Analysis 
• Femoral torsion is more reproducible when MRI sequencing protocols 

remain consistent 
• Differences in Serial Measurements

• Femoral torsion may be better assessed on oblique-axial sequences than 
true axial slices. 

• Regression Analysis
• Specification of slice orientation becomes clinically relevant in the 

evaluation of patients with suspected extreme femoral antetorsion. For 
example, a patient with an oblique-axial femoral torsion measurement of 
25° would have an estimated 30° measurement on the true-axial slice. 
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