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Abstract: Planning for surgical correction of lower-limb deformity

requires assessment of the character and extent of the deformity.

Deformity measurements are defined; however, the reliability of

these measurements has not been evaluated. This study was

conducted to assess the interobserver and intraobserver reliability

of lower extremity deformity measurements in the frontal and

sagittal planes. Anteroposterior and lateral lower extremity radio-

graphs were evaluated using Paley technique. Statistical analysis

included intraclass correlation coefficient (2,1), median absolute

difference, range, and agreement within 3 and 5 degrees. Reliability

was good to very good for all measurements except for the anterior

distal tibial angle, which had moderate reliability. Intraobserver

reliability was higher than interobserver reliability, and measure-

ments in the frontal plane had better reliability than measurements in

the sagittal plane. Overall, these measurements are a reliable method

of assessing lower extremity deformity and should be used to guide

treatment and monitor outcome.
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L ower-limb deformity is a disorder which, depending on
severity, may be remedied with surgical or nonsurgical

intervention. Paley et al1 and Paley and Tetsworth2,3 described
deformity correction planning for uniapical and multiapical
deformities. Treatment planning requires assessment of the
character and extent of the deformity in anteroposterior (AP)
and lateral radiographs.

Deformity measurement methods are defined; however,
the process has inherent subjectivity. These measurements
are indispensable in guiding patient care, particularly with
some newer devices that require measurement input for
correction. Therefore, it is important that there should be a
significant degree of consistency and reproducibility of the

results. The present study was intended to assess the
interobserver and intraobserver reliability of lower extremity
deformity assessment in the frontal and sagittal planes.

METHODS
Deformity measurements were performed on standard AP

and lateral radiographs using the technique described by Paley
et al,1 and Paley and Tetsworth,2,3 (Fig. 1)4. Two sets of
radiographs, 65 AP films and 76 lateral films, were compiled.

FIGURE 1. Standard lower extremity deformity measurements.
Frontal plane abbreviations are the following: NSA = neck shaft
angle; mLPFA = mechanical lateral proximal femoral angle;
aMPFA = anatomic medial proximal femoral angle;
aLDFA = anatomic lateral distal femoral angle;
mLDFA = mechanical lateral distal femoral angle; JLCA = joint
line congruency angle; mMPTA = mechanical medial proximal
tibial angle; D = distance; MAD = mechanical axis deviation;
mLDTA = mechanical lateral distal tibial angle. Sagittal plane
abbreviations are the following: aPDFA = anatomic posterior
distal femoral angle; aPPTA = anatomic posterior proximal tibial
angle; aADTA = anatomic anterior distal tibial angle. Reprinted
with permission from Springer-Verlag Berlin Heidelberg 2003.
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Frontal plane measurements performed were anatomic
medial proximal femoral angle (aMPFA), anatomic lateral
distal femoral angle (aLDFA), mechanical medial proximal
tibial angle (mMPTA), and mechanical lateral distal tibial
angle (mLDTA) (Fig. 2). Sagittal plane measurements were
anatomic posterior distal femoral angle (aPDFA), anatomic
posterior proximal tibial angle (aPPTA), and anatomic
anterior distal tibial angle (aADTA) (Fig. 2).

Three physicians individually measured each film on 2
occasions. At each viewing, the physicians were given the
opportunity to review the standardized measurement method
of Paley et al.1 A pediatric orthopaedist, an orthopaedic
traumatologist, and a chief resident in orthopaedics measured
the AP films. The same pediatric orthopaedist, a different
orthopaedic traumatologist, and a different chief resident in
orthopaedic surgery measured the lateral films. The physi-
cians were required to perform their measurements isolated
from one another. A minimum of 3 weeks between
measurements was required. The same goniometer, straight-

edged ruler, and protractor were supplied to each investigator.
Markings on the radiographs were made with a soft-lead
pencil with a 0.5 mm diameter lead tip. Angles were mea-
sured in degrees. All traces of previous measurements were
erased before each viewing with an alcohol swab. Radio-
graphs were assessed before each viewing to ensure that the
integrity of image was not compromised after erasure of the
previous measurements.

Interobserver and intraobserver reliability were quan-
tified using the intraclass correlation coefficient (ICC) (2,1).
Reliability was scored based on the criteria by Altman5 (very
good, 0.81Y1.00; good, 0.61Y0.80; moderate, 0.41Y0.60; fair,
0.21Y0.40; and poor, e0.20).

For the interobserver data, the absolute difference
between the measurements of the 3 pairs of observers (1 and
2, 1 and 3, and 2 and 3) was calculated for each angle. For
the intraobserver data, the absolute difference between the
measurements of sessions 1 and 2 of the individual observers
was determined for each angle. Absolute difference, median,
SD, and range values were calculated for both interobserver
and intraobserver data sets.

Interobserver agreement of less than or equal to 3 and
5 degrees was said to exist if the absolute difference values for
all 3 observer pairs was less than or equal to 3 and 5 degrees for
a given radiograph. The percentage of interobserver agreement
was determined for each of the angles measured. Intraobserver
agreement of less than or equal to 3 and 5 degrees occurred if
the absolute difference value between sessions 1 and 2 was less
than or equal to 3 and 5 degrees for an individual observer. The

FIGURE 2. A, Frontal plane measurements investigated in
the current study are the following: aMPFA, aLDFA, mMPTA,
and mLDTA. B, Sagittal plane measurements investigated in
the current study are the following: aPDFA, aPPTA, and aADTA.

TABLE 1. ICCs for Frontal Plane Measurements

Intraobserver Interobserver

Measurement
Observer

1
Observer

2
Observer

3 Mean

aMPFA
(n = 60)

0.95 0.89 0.96 0.93 0.91

aLDFA
(n = 60)

0.95 0.90 0.96 0.94 0.89

mMPTA
(n = 60)

0.83 0.65 0.86 0.78 0.77

mLDTA
(n = 60)

0.79 0.77 0.84 0.80 0.70

Mean 0.88 0.80 0.91 0.86 0.82

TABLE 2. ICCs for Sagittal Plane Measurements

Intraobserver Interobserver

Measurement
Observer

1
Observer

2
Observer

3 Mean

aPDFA
(n = 46)

0.90 0.79 0.76 0.82 0.71

aPPTA
(n = 64)

0.94 0.92 0.86 0.91 0.86

aADTA
(n = 62)

0.80 0.60 0.40 0.60 0.52

Mean 0.88 0.77 0.67 0.78 0.70
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percentage of intraobserver agreement was calculated for each
of the angles measured for each observer.

Each observer was given the ability to exclude a film
from the study if it was deemed to be of poor quality. Five AP
films were deemed unacceptable by at least 1 observer and
were removed from the study. Ten lateral films were deemed
unacceptable by at least 1 observer and were removed from
the study. From the remaining lateral films, the distal femur
was deemed unsuitable for measurement by at least 1 ob-
server in 20 additional films, leaving 46 distal femoral mea-
surements for consideration. Likewise, 2 proximal tibias and
4 distal tibias were considered unsuitable for measurement by
at least 1 observer and were therefore excluded from the
study, leaving 64 proximal tibial and 62 distal tibial mea-
surements for statistical analysis.

All data analyses were performed using SPSS 10.0
(SPSS, Inc, Chicago, Ill).

Institutional review board approval was obtained for
this project.

RESULTS
Interobserver frontal plane measurement reliability was

highest at the hip and lowest at the ankle, with ICC (2,1)
values scored as very good at the proximal and distal femur
by Altman criteria5 and good at the proximal and distal tibia
(Table 1). Intraobserver reliability was also higher for the
femur and lower around the tibia, with very good scores for
all measurements proximal to the knee joint. Frontal plane
intraobserver reliability scores were generally higher than the
interobserver scores (Table 1).

Interobserver ICCs for sagittal plane measurements
varied more than those for the frontal plane measurements.
These values showed very good (aPPTA), good (aPDFA), and
moderate (aADTA) reliability (Table 2). Again, the lowest

interobserver ICC was seen in the measurements of the distal
tibia. As with the frontal plane values, intraobserver ICCs
for sagittal plane measurements were higher than inter-
observer ICCs, with very good intraobserver ICCs for
aPDFA and aPPTA and a moderate intraobserver ICC for
the aADTA (Table 2).

No statistically significant difference in reliability
was found between age groups for either frontal or sagittal
plane measurements.

The interobserver and intraobserver median absolute
difference values indicate that most measurements for a given
radiograph were within 3 degrees of one another (Tables 3
and 4). The intraobserver median absolute difference values
were all less than the interobserver median absolute
difference values, indicating higher precision within repeated
measurements by a single observer than within measurements
by multiple observers; this finding corroborates the higher
intraobserver ICC (2,1) scores compared with interobserver
ICC (2,1) scores.

Better intraobserver precision was also reflected in
the lower intraobserver range values compared with the
interobserver range values. The large range ofmeasured values,
up to 30 degrees, for a given radiograph indicate that a high
degree of intraobserver and interobserver variance is possible;
however, these large outlier values were uncommon.

Intraobserver agreement within 3 and 5 degrees was
higher than interobserver agreement for all measurements
(Tables 5 and 6). In light of its high interobserver reliability,
interobserver agreement for the aMPFA was surprisingly the
lowest for all frontal plane measurements.

DISCUSSION
We found good to very good interobserver reliability

for all measurements except for the aADTA, which showed
moderate reliability. Intraobserver reliability was slightly

TABLE 3. Median Absolute Difference and Range for Frontal Plane Measurements

Intraobserver (degrees) Interobserver (degrees)

Measurement Observer 1 Observer 2 Observer 3 Mean

aMPFA (n = 60) 2.0 (0Y14) 2.5 (0Y23) 2.0 (0Y10) 2.2 3.0 (0Y21)

aLDFA (n = 60) 1.0 (0Y7) 2.0 (0Y13) 1.0 (0Y6) 1.3 2.0 (0Y19)

mMPTA (n = 60) 1.0 (0Y30) 3.0 (0Y28) 1.0 (0Y29) 1.7 2.0 (0Y29)

mLDTA (n = 60) 2.0 (0Y26) 2.0 (0Y18) 2.0 (0Y19) 2.0 2.0 (0Y22)

Mean 1.5 2.4 1.5 1.8 2.3

TABLE 4. Median Absolute Difference and Range for Sagittal Plane Measurements

Intraobserver (degrees) Interobserver (degrees)

Measurement Observer 1 Observer 2 Observer 3 Mean

aPDFA (n = 46) 2.0 (0Y9) 2.0 (0Y14) 3.0 (0Y18) 2.3 3.0 (0Y18)

aPPTA (n = 64) 2.0 (0Y10) 2.0 (0Y10) 3.0 (0Y22) 2.3 3.0 (0Y18)

aADTA (n = 62) 2.0 (0Y8) 3.0 (0Y15) 3.0 (0Y17) 2.7 3.0 (0Y18)

Mean 2.0 2.3 3.0 2.4 3.0
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higher than interobserver reliability for all measurements and
was also good to very good with 1 moderate value (also the
aADTA). Frontal plane measurements showed higher reli-
ability than sagittal plane measurements. Our findings
indicate that these lower extremity measurements are a
reliable method of assessing limb deformity; however, the
aADTA should be interpreted with some skepticism and may
warrant repeat measurement.

The merit of lower extremity deformity measurement is
further evidenced by the values obtained for the median
absolute differences. The greatest median absolute difference
in this study was 3.0 degrees, indicating that greater than half
of all measurements for a given angle on a given radiograph
were within 3 degrees of one another.

Our analysis of agreement provides a surprising and
seemingly contradictory finding. Although proximal femoral
measurements had the highest interobserver reliability (0.91)
and the second highest intraobserver reliability (0.93), these
measurements have the lowest agreements within 3 and
5 degrees of any in the study (Tables 1 and 5). This apparent
conflict is explained by noting that the range in values of the
proximal femoral measurements is far less than those of the
proximal and distal tibia, and the median value of the proxi-
mal femoral measurements is larger than the other values.
Therefore, the proximal femoral measurements lie within a
narrower range; however, within that range, there is greater
heterogeneity of values.

As expected from the respective ICC (2,1) values, the
ranges of values for measurements of the tibia tended to be
greater than those of the femur. Interestingly, the greatest range
in intraobservermeasurements for all 3 observers occurredwith
the measurement of the mMPTA in the frontal plane. The
mMPTA also had the highest range among the interobserver
measurements. Therefore, despite good reliability, inherent in
this measurement is the potential for wide-ranging variance; its

reported value should be carefully interpreted, and repeat mea-
surement may be prudent.

Several other investigations concerning lower ex-
tremity measurement reliability have been conducted.6Y11

As the raw data are not included in many of these articles and
as their statistical analysis methods are not uniform, it is
difficult to draw conclusions as to the comparable reliability
of the measurements in the current study. However, Myers
et al8 reported intraobserver and interobserver ICC (version
not specified) values for the aLDFA of 0.97 and 0.92, respec-
tively, and for the mLDTA of 0.62 and 0.92, respectively.
These values correlate with our findings (Tables 1 and 2).

Mechanical axis reproducibility was studied by
Henderson and Kemp,6 who reported 100% agreement within
3 degrees between 2 independent observers. The ICC values
for mechanical axis angle and mechanical axis deviation were
reported by Specogna et al.11 When viewing plain films,
intraobserver ICC values for mechanical axis angle and
mechanical axis deviation averaged 0.98 and 0.99, respec-
tively. Interobserver ICC values for mechanical axis angle and
mechanical axis deviation were 0.96 and 0.99, respectively.

Odenbring et al9 reported a mean absolute difference
between hip-knee-ankle angle of 1.3 degrees, with an absolute
difference range of 0 to 2 degrees.

All but one of the measurements in this study were
found to have reliabilities of good or better, with only one
considered moderate. Median absolute difference values were
less than or equal to 3 degrees for all measurements. Although
a small minority of measurements had a wide distribution
of values, reliability and agreement of lower extremity
deformity measurements were acceptable. Lower extremity
deformity measurements should continue to be used in
guiding treatment and determining outcome. The orthopaedic
surgeons involved with deformity correction should become
proficient in performing these measurements.

TABLE 5. Percent Agreement Within 3 and 5 Degrees Between Frontal Plane Measurements

Intraobserver (3/5) Interobserver (3/5)

Measurement Observer 1 Observer 2 Observer 3 Mean

aMPFA (n = 60) 75.0/86.7 56.7/78.3 68.3/85.0 66.7/83.3 23.3/51.7

aLDFA (n = 60) 83.3/96.7 78.3/90.0 86.7/95.0 82.8/93.9 60.0/80.0

mMPTA (n = 60) 85.0/93.3 66.7/76.7 88.3/95.0 80.0/88.3 46.7/56.7

mLDTA (n = 60) 75.0/93.3 66.7/88.3 71.7/90.0 71.1/90.5 45.0/73.3

Mean 79.6/92.5 67.1/83.3 78.8/91.3 75.2/89.0 43.8/65.4

TABLE 6. Percent Agreement Within 3 and 5 Degrees Between Sagittal Plane Measurements

Intraobserver (3/5) Interobserver (3/5)

Measurement Observer 1 Observer 2 Observer 3 Mean

aPDFA (n = 46) 76.1/93.5 69.6/89.1 52.2/71.7 66.0/84.8 34.8/54.3

aPPTA (n = 64) 76.6/85.9 59.4/82.8 60.9/79.7 65.6/82.8 35.9/54.7

aADTA (n = 62) 75.8/91.9 53.2/80.6 56.5/75.8 61.8/82.8 43.5/67.7

Mean 76.2/90.4 60.7/84.1 56.5/75.7 64.4/83.4 38.1/58.9
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