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Abstract

Purpose The purposes of this study were (1) to evaluate
the foot rotational effects on local and whole leg alignment
and (2) to confirm the correlation between local and whole
leg alignment. The hypotheses of this study were that (1)
the alignment would become varus if the rotation of the
foot changes from internal to external rotation, and (2)
there would be some correlation between local and whole
leg radiographs, and local knee radiographs could then be
used indirectly for the assessment of whole leg alignment
in patients with bilateral medial compartment knee
osteoarthritis.

Methods A total of 80 lower limbs with genu varum of
patients who complained of medial knee pain were exam-
ined. The standing anterior—posterior view of whole leg
radiographs was taken in the four foot positions, and a
custom-made foot plate was used for the attainment of
accurate radiographs: feet straight ahead with foot contact
at the medial side (R: routine), feet straight ahead at
shoulder width (N: neutral), 30° external rotated (ER) and
15° internal rotated (IR) position. In order to obtain a local
radiograph of the knee, we took only whole leg radiographs
and selected the area of interest on the whole leg radio-
graph. We evaluated the total width of the tibia plateau
(Total), the length of the weight-bearing line, the ratio of
weight-bearing line/Total and femorotibial angle (FTA).
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Results The absolute value of weight-bearing line was
shifted laterally in the 30° ER position and shifted medially
in the 15° IR position compared to the neutral position
(1.8 mm lateral and 0.2 mm medial in the WLR; 3.5 mm
lateral and 3 mm medial in the local radiograph). Signifi-
cant statistical differences were observed in the local knee
weight-bearing line; however, no significant statistical
differences were observed in the weight-bearing line of the
whole leg radiograph (n.s.). Results of the % (weight-
bearing line/Total) were similar to those of weight-bearing
line. The FTA of the local radiograph showed statistical
differences, and it showed more valgus in the 30° ER
position. In the correlation analysis between whole leg
radiograph and local knee radiograph, moderate correlation
(correlation coefficient = 0.67) was observed; however,
significant statistical differences were observed in the
comparison of weight-bearing line and % weight-bearing
line/Total (p < 0.01 and < 0.01, respectively) between
local knee and whole leg radiograph.

Conclusions Foot position of ER could show less varus
alignment and the reverse could occur in the IR position,
compared to the neutral foot position. The severity of varus
alignment could be underestimated in the local radiograph,
compared with that of whole leg radiograph.

Level of evidence  Cohort study (diagnosis), Level II.

Keywords Knee - Alignment - Whole leg radiograph -
Local knee radiograph - Foot rotation

Introduction

Varus, valgus or neutral alignment is defined on the basis

of the hip—knee—ankle angle, which requires visualization
of all three joints [7, 12]. The whole leg radiograph (WLR)



Knee Surg Sports Traumatol Arthrosc (2013) 21:2542-2547

2543

is usually checked at the weight-bearing conditions, and the
positioning is an important factor when measuring whole
leg alignment because the accuracy of the WLR is affected
by flexion or rotation of the leg [3, 4, 8, 11]. In general,
patella facing forward position is relatively well controlled
because this is an essential method while taking the lower
extremity radiographs. However, there is little description
of foot position of WLR, and this could be a factor
affecting the measurement of the whole leg alignment.

However, acquisition of WLR is not common in many
clinical settings, and the physician usually obtains only
knee radiographs that do not include the hip and ankle
joints [6]. Therefore, indirect use of the local radiograph
instead of the WLR could be an important issue. In the
previous reports, knee radiographs were not sufficient for
accurate determination of the impact of alignment; how-
ever, another report demonstrated a clear relationship of
knee radiograph with the compartmental pattern and
severity of knee osteoarthritis [5, 6, 12].

The purposes of this study were (1) to evaluate the foot
rotational effects on local and whole leg alignment and (2)
to confirm the correlation between local and whole leg
alignment. The hypotheses of this study were that (1) the
alignment would become varus if the rotation of the foot
changes from internal to external rotation, and (2) there
would be some correlation between local and WLR, and
local knee radiographs could then be used indirectly for the
assessment of whole leg alignment in patients with bilateral
medial compartment knee osteoarthritis.
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Materials and methods

From April 2011 to August 2012, a total of 80 lower limbs
were examined from bilateral, standing anterior—posterior
(AP) view of WLRs obtained from 40 individuals (27
female and 13 male patients; mean age 65.2 and
61.4 years, respectively) and with genu varum who com-
plained of medial knee pain. Institutional review board
approval was obtained, and all patients provided informed
consent for participation. The AP view of WLRs was taken
in the following foot positions, and a custom-made foot
plate was used for the attainment of accurate radiographs:
feet straight ahead with foot contact at the medial side, feet
straight ahead at shoulder width, 30° external rotated (ER)
and 15° internal rotated (IR) position (Fig. 1). Each posi-
tion was named as routine, neutral, 30° ER and 15° IR,
respectively.

In order to obtain a local radiograph of the knee, we took
only WLR and selected the area of interest on the WLR.
The PACS (Picture Archiving Communication System,
INFINITT Co, Seoul, Korea) was used in performance of
radiograph measurements. The centre line function that
enables drawing the line automatically between two centres
was used to evaluate the crossing point at the knee joint
(Fig. 2). The centre line was drawn between the femoral
head and ankle joint in the WLR of four positions (Fig. 3).

Total width of the tibia plateau (Total), the length of the
weight-bearing line (WBL), the ratio of WBL/Total and the
femorotibial angle (FTA) were evaluated. The Total was
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Fig. 1 A custom-made foot plate was used for taking WLR: feet straight ahead with foot contact at the medial side (R: routine), feet straight

ahead at shoulder width (N: neutral), 30° ER and 15° IR position
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measured by the distance between the medial and lateral
edge of the tibia plateau in both whole leg and local
radiograph. The WBL was measured by the distance from
the medial edge of the tibia plateau to the crossing point
between the centre line and tibia plateau in the whole leg
radiographs. The local WBL was measured by the distance
from the medial edge of the tibia plateau to the crossing
point between the bisecting line (connecting the line
between the femoral and tibial bisecting point at 10 cm
distance from the joint level) and tibia plateau in the local
radiographs (Fig. 4a). The ratio of WBL/Total was calcu-
lated using a measured Total and WBL in both whole leg
and local radiographs. The FTA was determined using a
method similar to that described by Kraus et al. [7]. The
femoral shaft was bisected at a point 10 cm proximal to the
centre of the intercondylar notch, and the two points (from
the bisecting point to the centre of the intercondylar notch)
were connected. Similarly, the tibial shaft was bisected
10 cm distal to the centre of the intercondylar eminence,
and the two points (from the bisecting point to the centre of
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Fig. 2 Centre line function was used, and the line is drawn
automatically if the transverse line is at the mid portion of femoral
head and upper surface of talus
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the intercondylar eminence) were connected. The angle
between the two lines was measured in local radiographs
(Fig. 4b).

Statistical analysis

The SPSS version 18.0 statistical package (SPSS Corp,
Chicago, USA) was used. A p value <0.05 was considered
significant. The reliability of the measurements was
assessed by examining the intra-rater and inter-rater reli-
ability using the intra-class correlation coefficient (ICC).
Two physical assistants working in the orthopaedic
department performed measurements twice with two-week
intervals. For the evaluation of foot rotational effects on
local and whole leg alignment, statistical significances
were tested by one-way ANOVA test, and multiple com-
parisons were performed using a Bonferroni test. For the
evaluation of the correlation between local and whole leg
alignment, one-way ANOVA test and Pearson’s correlation
analysis were performed.

Results

ICCs for the measurement of WBL in four different posi-
tions were excellent, and the intra- and inter-rater agree-
ment ranged from 0.92 to 0.98. Values for each of the four
testing positions were listed in Table 1. No statistical dif-
ferences were observed in comparison with Total and local
Total according to the four testing positions. The absolute
value of WBL was shifted laterally in the 30° ER position
and shifted medially in the 15° IR position compared to the
neutral position (1.8 mm lateral and 0.2 mm medial in the
WLR; 3.5 mm lateral and 3 mm medial in the local radio-
graph). Significant statistical differences were observed in
the local WBL; however, no significant statistical differ-
ences were observed in the WBL of WLR (n.s.) (Table 2).
The % (local WBL/local Total) showed significant statis-
tical differences; however, no statistical differences were
observed in the % (WBL/Total) of WLR (n.s.) (Table 3).
The % (local WBL/local Total) was larger in the 30° ER
position and smaller in the 15° IR position. The FTA of the
local radiograph showed statistical differences, and it
showed more valgus in the 30° ER position, compared with
the routine, neutral and 15° IR positions (Table 4).

In the correction analysis between WLR and local
radiograph, moderate correlation was observed, with a
correlation coefficient of 0.67. For comparison of Total
between local and WLR, no statistical differences were
observed in all four positions (n.s.). However, significant
statistical differences were observed in the comparison of
WBL and % WBL/Total (p < 0.01 and <0.01, respec-
tively) between local and WLR.
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Fig. 3 Mechanical axis deviation /ine in the routine (a), neutral (b), 30° ER (¢) and 15° IR (d) position. At the 30° ER position, neck shaft angle
is decreased and lateral bowing of distal femur becomes prominent

Fig. 4 For measurements of
mechanical axis deviation of the
local radiograph, the femoral
shaft was bisected at a point

10 cm proximal to the centre of
intercondylar notch, and the
tibial shaft was bisected 10 cm
distal to the centre of the
intercondylar eminence and two
points were connected (a). FTA
was evaluated by measuring the
angle between two lines (b)

0SZ 004 0SS 004

—

A

o
o))
al
o
~J
o
~
(3]
o
[0}
o
o
o)
a
o
[Co)
o
(=3
o)
(52}
o
o
g (=
(=}
e
al

IS0L.0001L 0S6 006 0S8 008

@ Springer



2546

Knee Surg Sports Traumatol Arthrosc (2013) 21:2542-2547

Table 1 Values for each of the 4 testing positions

Mean (SD) Routine Neutral 30 ER 15 IR
Total (mm) 74.2 (5) 74 (5.3) 728 (49) 733 (5.3)
WBL (mm) 23.5 (9.8) 23 (10.4) 23 (10.4) 22.8 (10.5)
% (WBL/Total) 32 (13) 31 (14) 34 (16) 31 (14)
L Total (mm) 74.1 (5.3) 742 (5.4) 73248 732 (54
*L WBL (mm) 36.9 (5.4) 37.5(5.2) 41 (6.5) 34559
*L. % (WBL/ 50 (6) 50 (5) 56 (8) 47 (7)
Total)
*FTA (degrees) 2.6 (4.6) 2.5 (4.3) 5.2 1.1 (5)

Values indicate a mean (standard deviation)

WBL weight-bearing line, FTA femorotibial angle, L local, ER
external rotation, IR internal rotation

(—) varus, (+) valgus
* Statistically significant

Table 2 Comparison of local weight-bearing line

p value Routine Neutral 30 ER 15 1R
Routine <0.01 0.01
Neutral <0.01 <0.01
30 ER <0.01 <0.01 <0.01
15 IR 0.01 <0.01 <0.01

Values indicate a p value

Table 3 Comparison of local % (weight-bearing line/Total)

p value Routine Neutral 30 ER 15 IR
Routine <0.01 0.01
Neutral <0.01 <0.01
30 ER <0.01 <0.01 <0.01
15 IR 0.01 <0.01 <0.01

Values indicate a p value

Table 4 Comparison of FTA

p value Routine Neutral 30 ER 15 IR
Routine <0.01

Neutral <0.01

30 ER <0.01 <0.01 <0.01
15 IR <0.01

Values indicate a p value

Discussion

The principal findings of this study were that (1) the
absolute value of WBL was shifted laterally in the 30° ER
position and shifted medially in the 15° IR position, with

@ Springer

statistical significance in the local radiograph and without
statistical significance in the WLR, (2) results of the %
(WBL/Total) were similar to those of WBL, (3) the FTA of
the local radiograph showed more valgus in the 30° ER
position, and (4) moderate correlation was observed
between WLR and local radiograph; however, the WBL
and % WBL/Total of WLR showed more varus than the
local radiograph. The WLR is regarded as an important
tool for the assessment of lower limb alignment. The
alignment could be changed by the status of weight bear-
ing; therefore, it is recommended that the WLR be checked
at the real weight-bearing position [13]. The reliability of
WLR was assessed by Marx et al. [9], who reported cor-
relation coefficient of 0.93-0.99. Rauh et al. [10] reported
significant inter- and intra-rater reliability in determining
lower extremity alignment; however, an average deviation
of approximately 1° between measured and actual align-
ment was suggested.

Pitfalls in determination of knee alignment using a WLR
were introduced by Brouwer et al. [1, 2], who reported that
isolated flexion or rotation has little effect and that
simultaneous flexion of the knee and rotation of the leg
cause large changes in projected angles. Results of our
study correspond well with those of a study of Brouwer
et al. Our patients had varus alignment, but negligible
flexion contracture, because most patients had medial
mono-compartmental arthritis. Foot position has little
effect on the WLR; however, it has some effects on the
local radiograph. Hunt et al. [4] compared three positions
(15° of internal foot rotation, no foot rotation and 15° of
external foot rotation). They reported that 15° of external
foot rotation resulted in approximately 3.5° more measured
varus alignment, compared with 15° of internal rotation.
Results of our study differed from those of the study
reported by Hunt et al. [4]. Our patients showed little effect
on the WLR, but some effects on the local radiograph were
observed. However, the tendency was opposite to that
reported by Hunt et al. [4], and 30° ER position showed
more valgus than 15° IR position. In our evaluation, if the
foot rotated externally, above the 10 cm point of the knee
joint that we bisected was moved to lateral with the knee
joint maintaining constant position because the anterolat-
eral bowing of femur was magnified (Fig. 3). In addition,
the femoral head showed relative lateral translation
because neck shaft angle was increased by ER (Fig. 3).

In a report by Khan et al. [6], the relationship between
local knee alignment was determined from short standing
knee radiographs and the compartmental pattern and
severity of knee osteoarthritis. They reported a clear rela-
tionship, and physicians can assess the contribution of knee
alignment to the observed patterns and severity of osteo-
arthritis in an individual patient. Acquisition of WLR is not
common in the clinical setting, and the physician usually
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obtains only local knee radiographs. However, in our study,
the WBL and % WBL/Total of WLR showed more varus
than local radiograph, although moderate correlation was
observed between WLR and local radiograph. This result
could imply that the severity of varus alignment in the local
radiograph would be less than that of real alignment by
WLR.

Some limitations must be considered in our study. First,
mild varus alignment in medial mono-compartmental
arthritis was only considered in this study. Therefore,
knowledge of the severe varus knee is not known, com-
pared with mono-compartmental arthritis or valgus align-
ment because the deformity of the distal femur or the
proximal tibia could be severe or reverse. However, this
study was oriented from the correction accuracy during the
open-wedge high tibial osteotomy. Second, 30° ER and
15°IR positions were only chosen. Therefore, exact deter-
mination of the changes of alignment that would be shown
in between the angles could not be made. These angles
were chosen because most patients showed 30° ER position
without any comments about the foot position and 15° IR
was a maximal IR angle if we comment the patient to stand
with the foot straight forward position. Third, the effect of
ligamentous laxity of the knee joint is also questionable,
and there is certain mobility in the ankle joint. However, in
this study, we only want to know the effect of foot rotation
on the mechanical axis itself and, we do not know the
origin of the effect (ankle, knee or hip joint).

Results of the present study indicate that surgeons per-
forming a mechanical realignment of the lower extremity
should standardize the patient position with a neutral
position during the WLR acquisition. In addition, the
degree of correction should be checked using a WLR
because it could be underestimated in the local knee
radiograph.

Conclusion
Foot position of ER could show less varus alignment and

the reverse could occur in the IR position, compared to the
neutral foot position. The severity of varus alignment could

be underestimated in the local radiograph, compared with
that of WLR.

References

1. Brouwer RW, Jakma TS, Bierma-Zeinstra SM, Ginai AZ, Ver-
haar JA (2003) The whole leg radiograph: standing versus supine
for determining axial alignment. Acta Orthop Scand 74:565-568

2. Brouwer RW, Jakma TS, Brouwer KH, Verhaar JA (2007) Pit-
falls in determining knee alignment: a radiographic cadaver
study. J Knee Surg 20:210-215

3. Classen T, Landgraeber S, Wegner A, Muller RD, von Knoch M
(2011) Femoral component rotation in patients with leg axis
deviation. Knee Surg Sports Traumatol Arthrosc 19:1077-1081

4. Hunt MA, Fowler PJ, Birmingham TB, Jenkyn TR, Giffin JR
(2006) Foot rotational effects on radiographic measures of lower
limb alignment. Can J Surg 49:401-406

5. Hunter DJ, Sharma L, Skaife T (2009) Alignment and osteoar-
thritis of the knee. J Bone Joint Surg Am 91(Suppl 1):85-89

6. Khan FA, Koff MF, Noiseux NO, Bernhardt KA, O’Byrne MM,
Larson DR, Amrami KK, Kaufman KR (2008) Effect of local
alignment on compartmental patterns of knee osteoarthritis.
J Bone Joint Surg Am 90:1961-1969

7. Kraus VB, Vail TP, Worrell T, McDaniel G (2005) A compar-
ative assessment of alignment angle of the knee by radiographic
and physical examination methods. Arthritis Rheum 52:1730-
1735

8. Lonner JH, Laird MT, Stuchin SA (1996) Effect of rotation and
knee flexion on radiographic alignment in total knee arthropla-
sties. Clin Orthop Relat Res 331:102-106

9. Marx RG, Grimm P, Lillemoe KA, Robertson CM, Ayeni OR,
Lyman S, Bogner EA, Pavlov H (2011) Reliability of lower
extremity alignment measurement using radiographs and PACS.
Knee Surg Sports Traumatol Arthrosc 19:1693-1698

10. Rauh MA, Boyle J, Mihalko WM, Phillips MJ, Bayers-Thering
M, Krackow KA (2007) Reliability of measuring long-standing
lower extremity radiographs. Orthopedics 30:299-303

11. Seo SS, Seo JH, Sohn MW, Kim YJ (2012) Differences in
measurement of lower limb alignment among Different regis-
tration methods of navigation and radiographs in TKA using the
OrthoPilot system. Orthopedics 35:50-55

12. Sharma L, Song J, Felson DT, Cahue S, Shamiyeh E, Dunlop DD
(2001) The role of knee alignment in disease progression and
functional decline in knee osteoarthritis. JAMA 286:188-195

13. Sim JA, Kwak JH, Yang SH, Choi ES, Lee BK (2010) Effect of
weight-bearing on the alignment after open wedge high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc 18:874-878

@ Springer



	Effect of foot rotation on the mechanical axis and correlation between knee and whole leg radiographs
	Abstract
	Purpose
	Methods
	Results
	Conclusions
	Level of evidence

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


