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A COMPARATIVE ANALYSIS OF ORTHOPEDIC MEASURING METHODS
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Abstract: Leg length inequality affects 65-70% of the
population, therefore it is very important to use the appropriate
methods for evaluating and measuring the discrepancies. This
paper aims to analyze the existing measuring methods used by
medical doctors in orthopedics and a new length measurement
system, which belongs to the authors, highlighting the
advantages and disadvantages of each method. A comparative
analysis is described in order to assist the end-users in
choosing the optimal measuring method for each patient, thus
increasing the quality of life.
Keywords: measuring methods in orthopedy, leg length
discrepancy, tests and measurements

aimed to be considerably lower than in currently used
devices with comparable precison.

1. INTRODUCTION

For the time being, further testing is aimed, and for
that the medical team will use a prototype to check if any
changes should take place, before a mass production will
be taken into consideration. Any suggestion or complaint
will be taken into account, analyzed and, if feasible,
implemented.

Leg length discrepancy refers to a condition
characterized by the fact that the lower limbs are
significantly unequal. According to Reid and Smith,
there are three categories of inequality based on the
disparity magnitude: mild (difference <30 mm),
moderate (differences are between 30 and 60mm), and
severe (differences> 60 mm) [29]. Therefore, it is
important that the measurements will be performed using
valid methods, that are reliable in terms of inter- and
intra examination. Nowadays there are many measuring
methods that evaluate the degree of inequality in the
lower limbs, but none of them is universally accepted. In
this paper the authors aim to compare the existing
measurement methods, highlighting both advantages and
disadvantages of each of them, and to analyse the
methods based on five criteria, such as: accuracy,
radiation level, price, availability and user related
learning curve. It is important to choose the appropriate
method for estimating the leg length discrepancy, in
order to be able to make the right decision regarding the
patient’s treatment. [7]
The novelty of this research lies in the innovative
approach regarding the technical solutions in determining
the distance and geometric path between two points in
space, applied to the landmarks of the human body.
Thus, the modeling of a new measurement system was
based on finding a solution that combines the best
advantages of the existing methods and the requirements
of the medical staff team. In the end, a device was
obtained that does not expose the patient to radiation, is
easy to use and can be attached directly to the patient’s
bed. In this way it is not longer necessary for the patient
to be moved, thus increasing his comfort and quality of
life. Also, to obtain an optimal level of financial
performance, the acquisition and operating costs are

The limitations of this method refer to the fact that
this measuring device is still at the design stage. We
designed it in CATIA and for now undergoes various
tests, so that at the end of this stage the optimal solution
will be built. Another limitation is due to the fact that
discussions were held with a relative small number of
medical doctors and thus it only represent their own view
regarding the solution to the problem – measuring limb
discrepancyes.

2. THE ANALYSIS OF ORTHOPEDIC
MEASURING METHODS
Current clinical methods, that are used to assess the
lower limb discrepancy include the following:
measurement of the distance between two bone
landmarks using a ruller-tape, wooden blocks or directly
measuring pelvic crest height difference. Unfortunately
doctors can rarely prescribe treatment based only on
these assessments.
According to a number of studies [10, 6, 26], the
measurement method using a tape is commonly used, but
subject to errors [5]. The results of the study by Beattie et
al, show that the measured inequalities using a tape are
valid only if two measurements are made for the same
patient. However, it has also demonstrated that the results
are less relevant when comparing leg lengths of healthy
patients.
Also, the results obtained from these measurements
do not define the degree of functional impairment caused
by the leg length discrepancy.
The advantage of the measurement method using
wooden blocks, is that the measurement is focused on
the foot functionality, not only on its length. A
disadvantage of this method is given by the ease with
which the measurements are influenced by flexion, hip
abduction and adduction [26, 32]. An alternative method
is presented in Hanada’s study [13] and involves the
correction of the inequality with a book placed under the

- 0355 -

patient’s shorter leg that is opened at the desired place in
order to make a fine-adjustment. The method was tested
on a group of 34 people, and the results show that the
average difference between two measurements was from
1.6 to 2.5 mm. Compared with the measurement method
using wooden blocks, this one offers a greater accuracy
because differences of 1 to 5 mm can also be measured,
and the availability of books in a cabinet is greater than
of wooden blocks. In conclusion this technique was
proved to be reliable, when there is a history of pelvic
deformity and the iliac crest can be easily palpated.
A very useful tool for measuring pelvic crest height
difference is the PALM device (PALpation Meter) [20].
In one of their studys, Hagins and his colleagues [12]
reported an inter-observer precision of 0.65 in the frontal
plane and 0.89 in the sagittal plane and an intra-observer
precision of 0.84 in the frontal plane and 0.98 in the
sagittal plane. Also Petrone et all [27], demonstrated that
the measurement device is excellent for determining
pelvic crest height, but less accurate for measuring leg
length inequality, especially in patients with lumbopelvic
dysfunction. They compared the accuracy of measuring
the pelvic crest height difference and leg length, using
the PALM instrument, with the accuracy obtained with
anteroposterior radiographs of the pelvis. The study
showed that the PALM device is excellent for measuring
pelvic crest height differences (ICC = 0.90 and 0.92).
However, these measurements were found to be less
accurate compared with radiographic measurement of the
leg length inequality (ICC = 0.76 and 0.78). One
explanation for these results is that measurements made
with the pelvic leveling device was a direct evaluation of
the degree of pelvic height discrepancy, but an indirect
assessment of the height inequality of the femoral head.
Because there was a need to increase the accuracy
and precision of the clinical mesurements’ results,
imaging methods were used for these evaluations.
For the comparison of imaging methods it was
necessary to consider the reliability, accuracy, radiation,
costs, the need for special equipment and the opportunity
to view the entire leg. Currently the imaging methods are
divided into three main categories: radiography,
ultrasonography and magnetic resonance imaging.
According to the literature, there are six measurement
methods that use the radiographic principle, such as:
orthoroentogenography,
scanography,
teleoroentgenography, computed radiography, microdose
digital radiography and computed tomography [32, 16].
The orthoroentogenography was designed to reduce
the measurement errors resulting from enlargement,
using three exposures centered on the hip, knee and
ankle, processed on a single film. [11] The disadvantage
of this method compared to a scanography is that it
requires a longer cassette, which means higher costs,
more storage space and special equipment.
The scanography can improve the measurement
accuracy reducing the parallax errors. However, in
patients with angular deformities, exposures centered on

hip, knee and ankle joints do not allow an accurate
assessment of the discrepancy.
Therefore the teleoroentgenography is a better
choice, exposing the patient to less radiation. Moreover,
when compared to the orthoroentogenography and
scanography, the entire leg can be evaluated. Using this
method, large discrepancies between the legs, where the
level of the ankles and knees may differ substantially
from one foot to another, can also be observed. Another
advantage of this method is that it reduces errors that can
occur within the other two methods, if the patient
changes his position between exposures. However,
several authors [11, 15, 75] noted the occurrence of a
magnification error. The magnification error’s magnitude
depends on various factors, including length and
circumference of limbs, distance from the X-ray source
to the cassette and the divergence of X-ray beam.
Cleveland and his collaborators [8] compared the
measurements obtained with the teleoroentgenograph
with the ones obtained using the ortoroentgenograph on a
lot of 10 adult patients. Using the 10 mm value as a
significant threshold of length difference, there was no
difference reported between the two tests. Despite the
magnification of about 5%, the measurement accuracy of
the inequality using anteroposterior radiographs is very
similar to the one obtained with a scanogram, especially
in the absence of a significant mechanical axis deviations
[31].
The disadvantages of this technique are the high
exposure to ionizing radiation, a significant increase of
magnification (6%), subjective errors in terms of reading
teleoroentgenographys [11] and the need of special
equipment, such as grids and filters [31].
Sabharwal and his colleagues [30] reported the
reliability of their results, obtained by five observers with
different degrees of experience, in the evaluation of 70
patients with leg inequality, using computed radiography
on the base of scanographs and teleoroentgenographs.
The reliability of the results obtained by all five
observers was high for both scanography and
teleoroentgenography. The mean absolute difference was
1.5 to 2.6mm for scanography and 1.5 to 4.6mm for
teleoroentgenography. The authors recommend the use of
teleoroentgenography, because although the reliability of
this tehnique was as good as the one obtained by
scanography it allowed a more comprehensive
examination of the lower extremity.
The microdose digital radiography is another form of
computer-assisted imaging solution, which substantially
reduces the patient radiation exposure compared with
conventional radiographic techniques [2].
In a study on a group of 25 children, who had leg
length inequalitys, Altongy et al. [2] found that the
microdose digital radiography is more accurate than the
orthoroentogenography.
A flying spot digital imaging device was designed by
Wilson and collaborators [36] in order to measure the
length and angles of the skeleton. This device exposes
the patient to a radiation dose of less than 2mrad, which
is considerably smaller than the one used for CT scans
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(15-20mrad) or than the one used for scanography (200250mrad) [1]. Patients can be examined both upright and
supine. A wide visual field makes it possible to view in a
single picture a large part of the body, such as the entire
length of the spine, or lower extremities. Algorithms are
integrated into the CPU and thus make it easier to
calculate both the lengths and angles of the skeleton.
The digital images obtained with the computer
tomography (CT) were also used for measuring lower
extremities discrepancies, with a sensitivity of less than 1
mm [3, 1, 14]. Porat and Fields [28] compared the
accuracy of computer tomography with the one obtained
when measuring the discrepancies with conventional
orthoroentogenography. Similar accuracy was reported
with both techniques, with a 66% reduction in radiation
dose when the CT was used. These studies [35, 28]
demonstrated that the CT technique is accurate, easily
reproducible and that it exposes the patients to low doses
of radiation whe used for measuring the legs’
inequalities.
The ultrasound evaluation technique, although worse
than the CT in evaluating lower limb inequality, proved
to be a good enough method to determine discrepancies,
without using ionizing radiation and having a standard
deviation of measurement reproducibility of 1.6mm.
[18] Terjesen and colleagues [34], have recommended in
their study the ultrasound evaluation technique as an
initial assessment tool for patients prone to lower
extremities inequality. Other studies [9, 21, 18] had also
reported a high measurement reliability using ultrasound
compared to other clinical and imaging methods.

Acrylic templates are also used by the surgeon to
predict the approximate changes, noting the relationship
between various fixed bony landmarks. In order to
equalize the legs, the surgeon can also measure the
femoral resected bone, depending on which the implant
will be chosen. The method was used on a study of 796
patients. At 94% of these patients, the femoral
component was placed, with a length difference of up to
6mm, compared with the preoperative estimated one
[25].
The length measurement system in orthopedics [7]
[24] is presented in figures 1-3, where the numbers
represent the following:
1: base plate
2: 360 degree rotating joint
3: double articulated joint
4: retaning pin
5: connecting rod (log)
6: retaining pin
7: connecting rod (medium) – proximal part
8: connecting rod (medium) – distal part
9: connecting rod (short)
10: X-Y-Z touch probe
11: ceramic sphere

Although magnetic resonance imaging (MRI) is
traditionally used for imaging soft tissue, it is also suited
to assess bone abnormalities. In a recent study [23],
Leitzes and colleagues have compared MRI with
computer tomography (CT) and scanography in order to
analyze the evaluation potential of leg inequality. The
reliability of the results was very high (ICC, 0.99)
although when compared to the actual femur length, the
mean absolute difference was 0.52 mm for scanography,
0.68 mm for CT and 2.90 mm for MRI. The advantage
is that MRI does not expose patients to ionizing
radiation, but is more expensive and can be
contraindicated in patients with certain implanted
devices. [19]
The intraoperative methods are also used, mainly in
total hip arthroplasty, where post-operative results may
include lower limb inequalities [4, 22, 17]. The
measurements between fixed landmarks around the hip
joint, presented by Takigami and colleagues [33],
involves inserting two bolts in the pelvis, which will
serve as a reference for measurement. According to
preoperative radiographs, the average level of legs
inequality is between 14.2 ± 9.3 mm, shortening ranging
from 31mm, respectively lengthening from 10 mm after
surgery. The leg length discrepancy showed a significant
improvement, with a postoperative average of 4.2 ± 3.2
mm. Although this method is very accurate, it does not
correspond with the trend of “as less invasive as possible
interventions”.

Fig. 1. The length measurement system in orthopedics

The length measurement system in orthopedics
consists of four articulated rods (5), (7), (8), and (9) that
allow the movement of the stylus measuring head (11) in
a three dimesnional workspace. The stylus position is
monitored continuously using a series of angular
incremental transducers located inside the articulations,
situated at each of the rods’ extremities. The measuring
system can also be placed on a stand with wheels,
together with a command computer. In this
configuration, the whole assembly can be moved and
secured to the patient's bedside or operating table, in
order to allow precise measurement of lengths in
orthopedics.
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When the operator moves the probe and touches with
its spherical head (11) a point of interest on the patient
body, the transducers measure the angles of rotation of
the system elements and the software determines the
spatial coordinates of the sphere in relation to a
predefined reference system. When the probe is moved to
the second measuring point, its spatial coordinates are
determined, and the distance between the two points is
calculated, this representing the length of the measured
bone segment.

Fig. 2 Detail A. The whole assembly

This system has the advantage that it can measure
more precise the lengths in orthopedics, both at bedside,
and on the operating table, the results being then stored
on the computer system. It can also determine the precise
positions of the bone implant’s holes, facilitating the
operation of fixing them without having to use portable
X-ray machines, which will eliminate the risk of
radiation exposure, both for the patient and the doctor.
This increases the speed and convenience with which
doctors can measure the lower limb’s lengths. This
device is not limited to leg measuring, but can be used
for any bone segment in the human body. There are
currently under investigation also other touch-trigger
probes for this device and we are also trying to reduce
the costs, in order for it to be more attractive to the
medical community.

3. CONCLUSION
Based on the analysis of the orthopedic measuring
methods, the authors have developed a table
summarizing the data according to five criteria: accuracy,
level of radiation to which the patient is exposed, price,
availability and the learning curve. These criteria were
ranked and after that to each of them was given a weight

Accuracy
33%

Radiation
27%

Price 20 %

Availability
13%

Learning
curve
7%

Score

Hierarchy

Fig. 3 Detail B

1. Measurement method using a tape

1

5

5

5

5

3.68

5

2. Measurement method using wooden blocks

2

5

5

4

5

3.88

4

3. Measuring pelvic crest height difference

2

5

4

3

4

3.48

7

1.Orthoroentgenography

3

4

3

4

3

3.4

8

2. Scanography

3

4

3

4

3

3.4

8

3. Teleoroentgenography

3

3

3

4

3

3.13

10

4. Computed radiography

4

2

2

3

2

2.79

11

5. Microdose digital radiography

4

2

2

2

2

2.66

13

6. Computed tomography

5

2

1

2

2

2.79

12

7. Ultrasonography

4

5

2

3

1

3.53

6

8. Magnetic resonance imaging

4

5

1

1

2

3.14

9

1. Measurement between fixed landmarks around the hip joint

5

5

4

3

3

4.4

2

2. Measurement of the resected femoral bone

4

5

4

2

3

3.94

3

1. Length measurement system in orthopedics

5

5

4

4

4

4.6

1

Clinical methods

Imaging methods

Intraoperative
methods

Radiography

Measuring methods

Tab. 1. A comparative analysis of orthopedic measuring methods
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and the sum of weights is 100. Thus, as it also can be
seen in Table 1, the learning curve accounts 7%,
availability 13%, price 20%, radiation level 27% and
accuracy 33%. Then, each method was given scores from
1 to 5, where 1 means very poor and 5 very good. A
weighted average was calculated, thus obtaining a score
for each method.

[2]

[3]

[4]

Based on the scores, a hierarchy of methods could
also be made. Table 1 shows the scores obtained for each
method so that, for the clinical methods, the best score
was obtained by the measuring method using wooden
blocks (3.88), for the imaging methods, the best score
was obtained by the ultrasound (3.53) and for the
radiographic methods, the orthoroentogenography and
the scanography are having the same score (3.4). The
measurements between fixed landmarks around the hip
joint is the best method of the intraoperative methods,
with a score of 4.4 and the length measuring system in
orthopedics proposed by the authors, achieved the
highest score of 4.6 out of 5.
Given these results, the authors propose the
manufacture and implementation of the length
measurement system in orthopedics,aiming at widespread
use and thus improving the living standards and quality
of life of the patients.
The analysis from figure 4, sets each measurement
method side by side, creating an overview that can be
helpful for the decision making of which method to use
for the assessment of leg length discrepancy and then
also to choose the appropriate treatment.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Fig. 4 Scoring the measuring methods in orthopedics

[16]
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