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a b s t r a c t

Measurements between anatomical landmarks on radiographs are useful for diagnosis and treatment

planning in the orthopedic field. Direct measurement on single radiographic images, however, does not

truly reflect spatial relationships, as depth information is lost. We used stereo images from a slot scan-

ning X-ray machine to estimate coordinates of three-dimensional (3D) bony landmarks for femoral neck

anteversion (FNA) measurement. A set of 7 landmarks consisting of the centre of the femoral head; the

centre of the base of the femoral neck; the medial and lateral condyles; the medial and lateral poste-

rior condyles; and finally the centre of the knee; were found to be identifiable and suitable for radio-

graphic measurement. The reconstructed 3D coordinates were then used to define the 3D geometry of

the anatomical axes required to estimate FNA. Stereophotogrammetric measurements on a sample of 30

dry right adult femurs were compared to reference values obtained using the Kingsley Olmstead method

applied to photographic images. A strong positive correlation (0.998) was found and the mean ± standard

deviation of the stereophotogrammetric approach (13.08 ± 6.87)° was comparable to that of the Kingsley

Olmstead method (13.14 ± 6.88)°. Intra- and inter-observer reliability were high, with the lower bound

of the 95% confidence interval above 0.98 for the intra-class correlation coefficient. The results merit fur-

ther validation against three dimensional imaging technology such as computed tomography, to confirm

stereophotogrammetry as a suitable alternative for FNA measurement.

© 2015 IPEM. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Femoral neck anteversion (FNA) is the extent to which the

femoral neck deviates forward from the transcondylar axis of the

femur. FNA measurement aids hip stability assessments in ortho-

pedics. Pre-operatively, FNA measurements enable prediction of

the likely effects of surgery on patient gait and joint stability.

Selection of suitable surgical implants and optimal implant posi-

tioning during surgery requires FNA information [1,2]. Clinical pro-

cedures which rely on FNA measurements include primary total

hip arthroplasty, proximal femoral replacement [3], femoral dero-

tation osteotomy [2,4] and total knee arthroplasty [2]. Abnormal

FNA is commonly related to trauma in the lower extremities, ef-

fects of prior surgery, degenerative bone disease [1], developmen-

tal diseases such as cerebral palsy [5], knee joint instability [6],

congenital dislocations of the hip and labral tears [7], slipped cap-

ital femoral epiphysis [1,6,7], and Legg–Calve–Perthes disease [5,7].

FNA is also believed to be a femoral neck fracture risk (FNFR)
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predictor and aids understanding of relationships between femoral

neck bone mineral density [8], FNFR and the geometry of the

femoral neck axis [9].

FNA is geometrically defined in Fig. 1, which was drawn us-

ing 3D CT data. The naming convention for axes and landmarks in

Fig. 1 is adapted from [4].The angle is calculated at the intersection

of two planes, namely, the anteversion plane of the femur (APf)

and condylar plane of the femur (CPf). APf is the plane contain-

ing the femoral neck axis (NAf in Fig. 1)- which passes through

the centre of the femoral head (H) and the centre of the base of

the femoral neck (O)- as well as the long axis of the femur (LAf)

-which passes through O and the centre of the knee (K). The sec-

ond plane CPf contains LAf and is parallel to the transcondylar

axis of the femur (CAf). CAf is an axis parallel to the lateral and

medial posterior condyles (Lpc and Mpc, respectively) as shown in

Fig. 1.

Image-based techniques that have been used for FNA measure-

ment include the method developed in 1956 by Magiligan et al.

and described in the work of Cibulka [7]; Herman bi-planar ra-

diography [10]; computed tomography (CT) and magnetic reso-

nance imaging (MRI) [5]; fluoroscopy [11]; and ultrasonography
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Fig. 1. Geometric definition of femoral neck anteversion (FNA). CAf = condylar axis of the femur; Lpc and Mpc = lateral and medial posterior condyles, respectively; NAf =
neck axis of the femur; K = centre of the knee; H = centre of the femoral head; O = centre of the base of the femoral neck; LAf = long axis of the femur.

[12]. Generally, radiographic measurement methods, which make

use of single radiographs, are incapable of adequately representing

the 3D geometry of FNA and therefore often yield measurement

inaccuracies. For example, ultrasonography has been found to over-

estimate FNA [5] with high measurement variability [13].

In order to adequately measure the FNA angle, 3D information

is required, thus 3D imaging technologies such as CT and MRI have

the advantage. MRI has the added advantage of non-ionizing radi-

ation but is not suitable for postoperative assessment of patients

with metal implants and is expensive. 3D volumetric femoral re-

constructions from CT scans yield the most accurate FNA measure-

ments, with average errors of 0.45° [14]. However, the high ra-

diation exposure associated with CT is a concern. Axial CT slices

instead of 3D CT have been used to estimate FNA in order to

lower radiation exposure [5,6,14,15], with the most accurate axial

CT method yielding accuracies of ± 1° [4].

An alternative to 3D imaging is the use of stereophotogram-

metry and multi-view images to account for depth. However, lit-

erature on stereophotogrammetric measurement of FNA is lim-

ited. The first documented stereophotogrammetric FNA measure-

ment technique [16] yielded measurement errors of ± 2.46° and

was cumbersome as it involved generating 3D optical models from

stereoscopic radiographs which required special stereoscopes for

viewing. With the evolution of technology, low dose bi-planar ra-

diography technologies present an opportunity for 3D measure-

ment. As an example, the EOS radiographic system has been shown

to yield FNA measurement accuracies comparable to those of CT

[17]. The EOS system simultaneously captures two images and uses

a model based approach to estimate a 3D patient specific model

for measurement. Such systems present an alternative to imaging

modalities that are inherently 3D such as MRI and CT.

We investigate the possibility of using the Lodox Statscan to

acquire stereo images of the femur for FNA measurement using

stereophotogrammetry. The Statscan uses linear slot-scanning ra-

diography (LSSR) for image acquisition, which consists of a linearly

moving focal spot with a narrow slot through which X-rays pass as

a very narrow fan-beam. Statscan dose for an antero-posterior ra-

diograph of the pelvis in adults has been reported as 60 μSv [18].

The difference between this modality and the bi-planar EOS sys-

tem is that the Statscan acquires multi-view images in succession

with a C-arm which can be rotated to acquire images from differ-

ent perspectives. The Statscan does not use models for full 3D re-

construction but enables stereophotogrammetric measurement of

lengths and angles through 3D reconstruction of points [19].

The aim of this investigation was to measure FNA using X-ray

stereophotogrammetry applied to slot-scanning X-ray images ac-

quired using the Lodox Statscan, taking into account the 3D geom-

etry of the axes required for measurement. A preliminary investi-

gation using dry bone specimens was conducted. The possibility of

stereo-photogrammetric measurement of FNA would reduce radi-

ation exposure and cost compared to CT, and would remove the

need for full 3D reconstructions for radiographic measurement as

is done for EOS.

2. Materials and methods

A sample of 30 dry adult femurs were obtained from the

Anatomy Museum at the University of Cape Town. Other studies

have used a similar sample size [4,16,20]. Only normal femurs of

the right side were used; none were diseased or deformed. No

gender or ethnicity information was available for the samples.



Download English Version:

https://daneshyari.com/en/article/875640

Download Persian Version:

https://daneshyari.com/article/875640

Daneshyari.com

https://daneshyari.com/en/article/875640
https://daneshyari.com/article/875640
https://daneshyari.com

