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CLINICAL STUDY

Accuracy and clinical usefulness of scoliosis measurement 
with magnetic spine mapping – Ortelius
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ABSTRACT
OBJECTIVES: Our objective was to assess the accuracy of radiation-free magnetic method of scoliosis curve 
measurement (Ortelius 800) and its usefulness in clinical practice, as well as to judge whether it can replace 
x-rays, which represent currently the golden standard for scoliosis measurement.
BACKGROUND: Patients with adolescent idiopathic scoliosis have to undergo multiple full-length spinal x-rays. 
Repeated exposure to ionizing radiation leads to higher incidence of breast cancer, thyroid cancer, and leuke-
mia. One of the radiation-free methods that are candidates for replacing the x-rays is the magnetic measure-
ment of the spine with Ortelius 800.
METHODS: Twenty-eight patients with adolescent idiopathic scoliosis were measured with Ortelius. Data from 
Ortelius were compared with standard spinal x-rays taken the same week. 
RESULTS: The average Cobb’s angle measured by x-ray was 35.11 degrees. The average absolute difference 
between Ortelius and x-rays was 6.69 degrees. The difference was statistically signifi cant (p = 0.0443). An accept-
able difference was measured in subgroup of curves that do not exceed 40 degrees (difference 5, p = 0.8915).
CONCLUSION: Ortelius is most accurate in curves in range of 15–30 degrees of Cobb’s angle. In larger curves 
it is increasingly inaccurate. Most important for clinical practice is the Cobb’s angle range over 40 degrees, 
where the conservative therapy is to be replaced with surgery. Ortelius is not accurate enough in this range and 
therefore cannot fully substitute full spinal x-rays. It can be used to reduce the number of x-rays in the follow-up 
of smaller curve angles (Tab. 4, Fig. 8, Ref. 10). Text in PDF www.elis.sk.
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Introduction

Patients who have to undergo surgical treatment of scoliosis 
are followed with full-length spinal x-rays usually until they are 
21 years old. The exposition to ionizing radiation takes place dur-
ing the critical growth period, when the growing tissues of breasts, 
thyroid, bone growth plates, and other organs are susceptible to 
carcinogenic effects of radiation. The incidence of breast and thy-
roid carcinomas, as well as that of leukaemia is higher in patients 
who have undergone multiple spine x-ray examinations (1, 2). In 
females who underwent 24 x-ray examinations on average, the risk 
of breast carcinoma is 70 % higher than in normal population (1). 
Because only 10 % of scoliosis patients develop curve progression 
that requires surgical treatment (3), it is appropriate to look for 
all possibilities for radiation-free scoliosis follow-up (4). One of 
the most recent methods is a radiation-free magnetic spine map-

ping using Ortelius 800. The purpose of our study was to test the 
accuracy of scoliotic curve measurement compared to standard 
postero-anterior x-rays and assess whether this method can replace 
x-rays as a standard examination method for scoliosis follow-up. 

Materials and methods

Ortelius – magnetic spine mapping
Ortelius 800 is a machine for simple measurement of the spinal 

deformities without exposing the patient to ionizing radiation (Fig. 
1). It uses low-energy electromagnetic radiation to record the posi-
tion of spinous processes of the vertebrae in space. After complet-
ing the examination, Ortelius automatically calculates the Cobb’s 
angle, leg length discrepancy and other data about patient’s balance 
that are important in pre- and postoperative follow-up of the patients. 

Examination process
First, the patient bends forward and autoscoliometer connected 

to a fi ngertip scanner is slid down the patients back from top (spi-
nous process of C7) to bottom (spinous process of S1) (Fig. 2), 
recording any asymmetry of the surface of the back (rib hump). 
According to this, Ortelius calculates the vertebral rotation in tho-
racic and lumbar segments of the spine. 

In the next step, spinous processes are measured. The exam-
iner uses a fi ngertip scanner on his forefi nger and after he palpates 
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the spinous process of each vertebra, he presses the footswitch to 
record its position in space (Fig. 3). The measurement is repeated 
once more to rule out the intraobserver error. Then the posterior 

superior iliac spines are palpated and marked. According to these 
data, Ortelius constructs a 3D picture of the spine, represented 
by frontal and sagittal images. The Cobb’s angle is automatically 
calculated in frontal plane, while lordosis and kyphosis angles 
are in the sagittal plane (Fig. 4). Figure 5 shows x-rays of the 
same patient.

Digital x-ray pictures can be imported into Ortelius computer, 
while Cobb’s angles are digitally measured and compared to Or-
telius measurements. 

In addition to spinal curve measurement, it is possible to 
measure patient’s body balance (Fig. 6). Ortelius can record the 
position of the shoulders (acromioclavicular joints), pelvis (an-
terior and posterior superior iliac spines), femoral trochanters 
and mastoid processes on the head, thus calculating the possible 
pelvic asymmetry, shoulder height difference, leg length discrep-
ancy and head tilt. All data are saved in a computer database, 

Fig. 1. Ortelius 800. Fig. 2. Trunk rotation measurement with autosco-
liometer.

Fig. 3. Recording of spinous processes in space.
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Fig. 4. Ortelius 800 output – PA and lateral view.

Fig. 5. X-rays of the same pateint.

Fig. 6. Body balance data.
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to be able to measure the possible progression after repeated 
examinations.

At the 1st Department of Orthopaedics and Traumatology of 
University Hospital in Bratislava, we prospectively compared the 
fi ndings of scoliosis examination with standard X-rays to Ortelius 
measurement. We examined 30 patients with adolescent idiopath-
ic scoliosis (AIS) treated conservatively (follow-up or bracing, 
i.e. before surgical correction). The Cobb’s angles measured on 
X-rays of all patients did not exceed 55 degrees. Cobb’s angles 
measurement on X-rays and Ortelius were taken during the same 
week. The examining position was altered according to Knott to 
increase the measurement accuracy (patient was touching the wall 
with his hands to help prevent the possibility of leaning forward, 
backward or to the sides). Measured values were statistically com-
pared by paired t-test.

In two patients, it was not possible to palpate the spinal pro-
cesses accurately because of subcutaneous fat tissue and pro-
nounced lordosis. Because the recording of the positions of spi-
nous processes was only approximate, the procedure could not 
be considered standard examination. As such it invariably led 
to inaccurate measurements, which were thus excluded from 
the study. 

Results

Results interpretation
When interpreting the results of measurement by means of 

two different methods, one should take into consideration several 
ways of assessment. We can statistically average the exact values 
of Cobb’s angle difference. In this instance, the results will show 
the difference in both positive and negative directions, i.e. if the 
angles measured by Ortelius are in general higher or lower than 
the x-rays (average difference). However these results can misin-
terpret the reality, e.g. in case of 5 positive and 5 negative values 
of 5 degrees in magnitude, the result would be 0.

The second way is to average the absolute difference between 
x-rays and Ortelius, (always positive value), which shows the ac-
curacy of the method, but not the tendency of measuring greater 
or lower values. In the aforementioned example, the absolute av-
erage difference would be 5.

 With the paired T-test we can most accurately determine the 
correlation between the two methods, but we do not see the quan-
tifi cation of difference.

It is necessary to bear in mind that the results that are accept-
able statistically do not have to be acceptable in clinical practice. 

Results

In our study, we examined 28 patients; 27 girls and one boy 
(Tab. 1). 

The average X-ray Cobb’s angle was 31.55 degrees (range 
12-55 degrees). Thus we tested the whole examination range of 
Ortelius. The average difference between X-rays and Ortelius was 
–3.25 degrees (range –22–13 degrees). The average absolute dif-
ference was 6.69 degrees (range 1–22 degrees). 

Our measurements were statistically tested by the paired T-test. 
The difference was statistically signifi cant (two-tailed P value was 
0.0443). 95% confi dence interval was –7.47–0.10; standard error 
of difference was 1.795. Summary is in Table 2.

 While measuring the patients we noticed that the curves 
with high Cobb’s angle value, especially those over 40 degrees, 
were measured less accurately with Ortelius. Curves larger than 
55 degrees are actually listed in the manufacturer’s exclusion 
criteria.

X-ray Ortelius Difference X-ray Ortelius Difference
12 14 2 30 27 –3
12 19 7 30 27 –3
15 28 13 36 35 –1
15 18 3 38 34 –4
15 25 10 39 27 –12
16 21 5 40 27 –13
17 19 2 43 36 –7
18 17 –1 45 40 –5
22 27 5 45 30 –10
23 24 1 48 26 –22
23 27 4 50 46 –4
28 24 –4 52 36 –16
29 24 –5 52 40 –12
30 28 –2 55 36 –19

Tab. 1. Cobb’s angles measured on X-rays and Ortelius – aligned by 
increase in X-ray Cobb’s angle.

 n=28 Average 
angle

Range Standard 
deviation

Median Interquartile 
range

Paired Student’s 
t-test

95% confi dence 
interval

Standard error 
of difference

X-rays 31.35 12;55 13.83 30 24;34 p=0.0443 (–7.47; –0.10) 1.795
Ortelius 27.92 14;46 7.66 28 17;43
Average Difference –3.25 –22; 13 8.46 –3 –10;2
Absolute Difference 6.96 1;22 5.68 5 3;10

Tab. 2. Statistic results of group 1.

 n=25 Average 
angle

Range Standard 
deviation

Median Interquartile 
range

Paired Student’s 
t-test

95% confi dence 
Interval

Standard error 
of difference

X-ray 28.76 12;50 12.22 28 16;38 p=0.2269 –5.22; 1.30 1.581
Ortelius 26.80 14;46 7.30 27 21;28
Average Difference –1.76 –22;13 7.61 –3 –5;2
Absolute Difference 5.92 1;22 4.97 4 2;7

Tab. 3. Statistics of subgroup 1 – up to 50 degrees.
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To understand better the relation between curve magnitude 
and magnitude of difference, we assessed measurements in fur-
ther two subgroups. From the original group we excluded curves 
above 50 (Subgroup 1 – up to 50 degrees) and above 40 degrees 
(subgroup 2 – up to 40 degrees). 

In subgroup 1 (up to 50 degrees) (Tab. 3), the average absolute 
difference between x-rays and Ortelius was 6 degrees (standard 
deviation 4.97) and the average magnitude of curves measured 
was 28.76 degrees.

In subgroup 2 (up to 40 degrees) (Tab. 4), with the average 
curve measured being 24.4 degrees, the average absolute difference 
decreased to 5 degrees with standard deviation of 3.94 degrees. At 
the same time the maximum value of difference decreased from 
22 to 13 degrees. The difference between Ortelius and x-rays in 
subgroups 1 and 2 was not statistically signifi cant (p = 0.22 and 
0.89, respectively). 

The average difference in the subgroups has a higher positive 
value when compared to group 1 (–1.76 and 0.2, respectively, as 
compared to –3.25 in the original group 1), which confi rms a ten-
dency towards negative values when measuring curves above 40 
degrees. This tendency is obvious from Figure 7, where the paired 
values are sorted by the increase in x-ray Cobb’s angle.

Box-and-whisker plot of average difference between x-rays 
and Ortelius (Fig. 8) shows a tendency to measure positive or 
negative values and deviation. Boxes are the interquartile range. 
Both subgroups have more accurate results than the original group. 
Subgroup 1 (up to 50 degrees) has several outliers (i.e. a possibil-
ity of large difference). Subgroup 2 (up to 40 degrees) has an even 
distribution around zero. 

Discussion

Ortelius accuracy in literature
The research of magnetic spine mapping in scoliosis patients 

has been focused on the preoperative follow-up. Dubousset et al 
(2003) (5) and Parsiny et al (2006) (6) tested the reliability of 
Ortelius 800 in scoliosis patients before surgical treatment and 
found out that when compared to standard x-rays, the difference 
in measurement was small. Ovadia et al (2007) found out that 
the average difference between X-rays and Ortelius was 5 de-
grees for Cobb’s angle measurement and 6 degrees for lordosis 
and kyphosis measurements in the sagittal plane (7). Ortelius 
was also tested for accuracy in shoulder asymmetry and pel-
vic tilt measurement (8). However, Knott et al (9) pointed out 
higher differences and variability in multiple measurements, 
and pronounced this method to be inaccurate. In 2008 Knott 
himself proposed a new patient position during examination, 
which increased the measurement accuracy. The difference be-
tween Ortelius and X-rays decreased to 1.5 degrees on average, 
which are excellent results (10). Inter-observer and intra-observ-
er variations of reliability were tested in several other studies 
(7, 9) where the measurements were consistent and without a 

n=20 Average 
angle

Range Standard 
deviation

Median Interquartile 
range

Paired Student’s 
t-test

95% confi dence 
interval

Standard error 
of difference

X-rays 24.40 12;40 5.35 23 15;30 p=0.8915 –2.83; 3.23 1.447
Ortelius 24.60 14;35 9.33 25 19;27
Average Difference 0.2 –13;13 6.46 –1 –4;4
Absolute Difference 5 1;13 3.94 4 2;5

Tab. 4. Statistics of subgroup 2 – up to 40 degrees.
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Fig. 8. Box-and-whisker plot.
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Fig. 7. Comparison of Cobb’s angles measured on X-rays and Ortelius 
– aligned according to increase in X-ray value. It is obvious, that the 
best correlation between x-rays and Ortelius is in the range of 15-30 
degrees. Angles smaller than 15 degrees were measured by Ortelius as 
bigger, angles above 40 degrees were measured by Ortelius as smaller.
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statistically signifi cant difference. According to literature, scolio-
sis measurement with Ortelius 800 can be considered accurate.

According to our results, the scoliosis assessment with Ortel-
ius 800 cannot be considered reliably accurate. In conservatively 
treated patients with an average curve magnitude of 31 degrees, the 
Cobb’s angle difference compared to x-rays is almost 7 degrees. 

The logical explanation appears to be that Ortelius measures 
smaller curves more accurately. Figure 1 aligns the paired values 
by the increase in angle on x-rays. It shows that the best corre-
lation is achieved in curves between 15 and 30 degrees. Curves 
smaller than 15 degrees are measured by Ortelius mostly as big-
ger, those over 40 degrees are measured as smaller. The biggest 
differences (4–22) were in curves between 40–55 degrees, where 
Ortelius is least accurate.

The absolute average difference of 7 degrees is higher by ap-
proximately 3 degrees than that in other published papers (4.40); 
however in those papers, the average curve measured on x-rays 
had only 17.8 degrees. These are almost the same results as 
in our postoperative group, where the average curve had 18.9 
degrees and the average absolute difference was 4.5 degrees. 
Because of these fi ndings, we took a closer look at the papers 
in question.

In the comments section to the study (7) there is a note, that if 
the initial difference between x-rays and Ortelius was more than 
10 degrees, it was not recommended to continue with Ortelius 
follow-up. In their results section, Ovidia et al (2007) published 
only the interquartile range of 2–7 degrees (3–10 in our study), 
but the histogram in the same paper tells that in 10 % of cases the 
difference was 10–12 degrees, and several patients had the dif-
ference of 18 degrees. Knott et al (2006) published much worse 
results. In curves with the average magnitude of 29 degrees, the 
average difference was 8 degrees (comparable to our group). The 
maximum difference was 51 degrees; the big differences were 
measured mostly in curves over 40 degrees. We can conclude 
that although the average difference between x-rays and Ortel-
ius is 4 degrees, it can often amount to 7–10 degrees (25th–75th 
percentile), with several differences up to 20 degrees. It is the 
possibility of this error in both directions that can be a disadvan-
tage in clinical practice.

During the examination we noticed, that curves over 40 de-
grees were measured inaccurately. Curves over 55 degrees do not 
even meet the inclusion criteria of the manufacturer. We suppose 
that this is caused by bigger vertebral rotation in more severe 
curves, where the curve of spinous processes recorded by Ortelius 
is smaller than the real curve of vertebral bodies on x-rays. The 
threshold of 55 degrees was probably the manufacturer’s arbitrary 
decision, when the differences were not acceptable.

Thus we analysed the results in another two subgroups of the 
original group, where the results were comparable to other papers. 
From the original group we excluded patients with curves over 50 
and over 40 degrees. In the subgroup up to 50 degrees, the aver-
age absolute difference was 6 degrees, and the average curve had 
28.7 degrees. In the subgroup up to 40 degrees, the difference de-
creased to 5 degrees (average curve had 24.4 degrees), which is 
comparable to other papers. At the same time the maximal differ-

ence measured decreased from 22 to 13 degrees. Figure 8 shows 
the histogram of all three groups; subgroup 2 (up to 40 degrees) 
has the most even distribution around zero. 

This proves that Ortelius measurements are most accurate for 
curves from 15 to 30 degrees.

Usefulness of Ortelius 800 in clinical practice
Indication criteria of Ortelius defi ne the possible range of ex-

aminable curves from 10 to 55 degrees. The spinal curve is consid-
ered to be scoliotic when greater than 10 degrees; the upper limit 
was probably chosen arbitrarily because of greater inaccuracies 
in bigger curves. In our study we have found out that accurate 
measurements applicable to clinical practice can be achieved in 
curves from 15 to 30 degrees. These patients undergo conserva-
tive therapy (bracing or follow-up). Criteria for changing the con-
servative treatment to surgery are met when the curve has 40–50 
degrees with progression, in this range however, Ortelius is less 
accurate with a tendency to measure lower values (in extreme 
cases even 10–20 degrees). 

This is the reason why we do not recommend using Ortelius in 
this range of curve magnitude. The patient can have a curve that 
is indicated for surgical correction, but Ortelius would measure 
only a curve that is less than 40 degrees. It is suitable for following 
the patients treated conservatively with or without a brace, i.e. in 
cases where it can be a substitution for several, but not all x-ray 
examinations. One way to go is to order an x-ray if Ortelius shows 
30 degrees or more. Another possibility is to take x-rays once a 
year, and in the meanwhile follow the patients only with Ortelius. 
Thus we could cut down on the number of x-rays and signifi cantly 
decrease radiation exposure of the patient.

Ortelius has good correlation with x-rays in small curves up 
to 30 degrees, but there is a rare possibility of the difference up to 
±13 degrees. We can measure a smaller instead of a greater curve 
and miss the progression (with all disadvantages of late surgical 
treatment), or measure a greater curve instead of a smaller one 
(although in this case, we can still confi rm the progression with 
x-rays). It is up to the orthopaedist whether he is ready to accept 
this slight risk of false measurement. 

We can conclude that Ortelius cannot replace long spinal x-
rays in scoliosis diagnostics and follow-up of curve progression 
towards surgical treatment. However, it can be used to decrease 
the number of x-rays, especially during the conservative phase 
of treatment.

Learning points

Ortelius 800 uses magnetic fi eld to measure the position of spi-
nous processes in space and thus the shape of the scoliotic curve.

It is a radiation-free measurement.
It is accurate enough for clinical use in spinal curves with 

Cobb’s angle from 15 to 30 degrees.
In curves over 40 degrees it becomes unpredictibly innacurate.
Full-length spinal x-rays remain the golden standard in sco-

liosis assessment.
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