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In our study, the EOSTM 3D modelling technique showed
excellent inter- and intraobserver reproducibility, better
than for 2D measurements. This technique appears to be a
reliable tool for lower limb measurements, providing greatly
reduced irradiation and satisfactory inter- and intraobserver
reproducibility, high accuracy, and a low exam cost. This
imaging system is a useful tool for preoperative assessment of the lower limbs (arthroplasty, tumor) and should
be the second-line technique for the evaluation of lower
limbs (in cases of massive long-leg discrepancy or frontal
deformation) for planning surgery, to supplement standard
radiography. For now, the major ﬂaw of the EOSTM system
is its lack of availability for everyday practice. All the radiologic methods, found in the literature, were reported to
have similar and very high reliability for lower limb measurements. The standing AP radiograph of the lower limbs,
including extremities, should be the method of choice for
the ﬁrst evaluation. Our department will continue to study
the lower limb measurements obtained with the EOSTM system after total hip arthroplasty to evaluate the value of its
use in orthopedics practice.
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with multiple confounding variables not clearly stated by
the investigators, such as image size, presence of angular
deformities and contractures of the lower limbs. The precision and accuracy of our measurements is quite remarkable,
and especially useful for orthopedic surgery research. We
can wonder, in any case, whether daily orthopedics practice requires measurements as precise and as accurate as
EOSTM provides. Certainly, the standard surgery that will
result from these measurements does not.
The ﬁnal problem is not yet completely resolved: the difﬁculty of developing reconstruction models that take the
prosthetic implant into account. Schlatterer et al. [41] were
the ﬁrst to test positioning 3D models of total knee arthroplasties for non-prosthetic reconstruction and found some
difﬁculties, speciﬁcally related to the deﬁnition of the landmarks. We plan to follow this initial phase of evaluation
with further development of this imaging tool, to create a
protocol for complete preoperative planning, using this 3D
reconstruction.

7

.C

Disclosure of interest

w

The authors declare that they have no conﬂicts of interest
concerning this article.

w

References

w

[1] Barrack RL, Burnett SJ. Preoperative planning for revision total
hip arthroplasty. J Bone Joint Surg Am 2005;87:2800—11.
[2] Della Valle AG, Padgett DE, Salvati EA. Preoperative planning
for primary total hip arthroplasty. J Am Acad Orthop Surg
2005;13:455—62.
[3] Jonson SR, Gross MT. Intraexaminer reliability, interexaminer
reliability, and mean values for nine lower extremity skeletal
measures in healthy naval midshipmen. J Orthop Sports Phys
Ther 1997;25:253—63.

Please cite this article in press as: Guenoun B, et al. Reliability of a new method for lower-extremity measurements
based on stereoradiographic three-dimensional reconstruction. Orthopaedics & Traumatology: Surgery & Research (2012),
doi:10.1016/j.otsr.2012.03.014

+Model

ARTICLE IN PRESS

OTSR-581; No. of Pages 8

8

B. Guenoun et al.

[27]

[28]

[29]

[30]

om

w

w

w

.C

hi

ru
r

gi
eO

[31]

.c

[26]

di
qu
e

[25]

op
e

[24]

[32] Sabharwal S, Zhao C, McKeon JJ, McClemens E, Edgar
M, Behrens F. Computed radiographic measurement of
limb-length discrepancy. Full-length standing anteroposterior
radiograph compared with scanogram. J Bone Joint Surg Am
2006;88:2243—51.
[33] Horsﬁeld D, Jones SN. Assessment of inequality in length of the
lower limb. Radiography 1986;52:223—7.
[34] Machen MS, Stevens PM. Should full-length standing anteroposterior radiographs replace the scanogram for measurement
of limb length discrepancy? J Pediatr Orthop B 2005;14:
30—7.
[35] Temme JB, Chu WK, Anderson JC. CT scanograms compared
with conventional orthoroentgenograms in long bone measurement. Radiol Technol 1987;59:65—8.
[36] Helms CA, McCarthy S. CT scanograms for measuring leg length
discrepancy. Radiology 1984;151:802.
[37] Pasquier G, Ducharne G, Ali ES, Giraud F, Mouttet A, Durante E.
Total hip arthroplasty offset measurement: is CT scan the most
accurate option? Orthop Traumatol Surg Res 2010;96:367—75.
[38] Swanson KE, Stocks GW, Warren PD, Hazel MR, Janssen HF.
Does axial limb rotation affect the alignment measurements
in deformed limbs? Clin Orthop Relat Res 2000;371:246—52.
[39] Brouwer RW, Jakma TS, Brouwer KH, Verhaar JA. Pitfalls in
determining knee alignment: a radiographic cadaver study. J
Knee Surg 2007;20:210—5.
[40] Kay RM, Jaki KA, Skaggs DL. The effect of femoral rotation
on the projected femoral neck-shaft angle. J Pediatr Orthop
2000;20:736—9.
[41] Schlatterer B, Suedhoff I, Bonnet X, Catonne Y, Maestro M,
Skalli W. Skeletal landmarks for TKR implantations: evaluation of their accuracy using EOSTM imaging acquisition system.
Orthop Traumatol Surg Res 2009;95:2—11.

rth

[23]

measurements reproductibility with EOSTM imaging system versus conventional radiographies. Orthop Traumatol Surg Res
2011;97:373—80.
Deschenes S, Charron G, Beaudoin G, Labelle H, Dubois J, Miron
MC, et al. Diagnostic imaging of spinal deformities: reducing
patients radiation dose with a new slot-scanning X-ray imager.
Spine (Phila Pa 1976) 2010;35:989—94.
Huppertz A, Radmer S, Asbach P, Juran R, Schwenke C,
Diederichs G, et al. Computed tomography for preoperative
planning in minimal-invasive total hip arthroplasty: radiation
exposure and cost analysis. Eur J Radiol 2011;78:406—13.
Deka S, Vanover J, Sun J, Kintner J, Whittimore J, Schoborg RV.
An early event in the herpes simplex virus type-2 replication
cycle is sufﬁcient to induce Chlamydia trachomatis persistence. Cell Microbiol 2007;9:725—37.
Lampe HI, Swierstra BA, Diepstraten AF. Measurement of limb
length inequality. Comparison of clinical methods with orthoradiography in 190 children. Acta Orthop Scand 1996;67:242—4.
Terry MA, Winell JJ, Green DW, Schneider R, Peterson M,
Marx RG, et al. Measurement variance in limb length discrepancy: clinical and radiographic assessment of interobserver and
intraobserver variability. J Pediatr Orthop 2005;25:197—201.
Green WT, Wyatt GM, Anaderson M. Orthoroentgenogrphy as
a method of measuring the bones of the lower extremities. J
Bone Joint Surg Am 1946;28:60—5.
Aaron A, Weinstein D, Thickman D, Eilert R. Comparison of
orthoroentgenography and computed tomography in the measurement of limb-length discrepancy. J Bone Joint Surg Am
1992;74:897—902.
Sabharwal S, Kumar A. Methods for assessing leg length discrepancy. Clin Orthop Relat Res 2008;466:2910—22.
Millwee R. Slit scanography. Radiology 1937;28:483—6.

Please cite this article in press as: Guenoun B, et al. Reliability of a new method for lower-extremity measurements
based on stereoradiographic three-dimensional reconstruction. Orthopaedics & Traumatology: Surgery & Research (2012),
doi:10.1016/j.otsr.2012.03.014

