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Major changes in the alignment of the 

femur or tibia may affect the load 

distribution in the knee joint and influence 

soft-tissue loading at the hip and ankle 

joints as well.”

“

Abstract: Background. Knee posi-
tion provides useful information for 
the anatomical alignment (AA) of the 
lower extremity. Analyzing the geo-
metric components of this alignment 
should yield useful information about 
how these factors affect the occurrence 
of an ankle sprain. The aim of this 
study is to investigate the correlation 
among these anthropometric charac-
teristics and the possible future occur-
rence of ankle sprain injuries. Material 
and methods. A total of 60 elite ath-
letes (25.2 ± 3.2 years) participated in 
the current study. The data used for 
measuring knee surface alignment 
were the following: AA, condylar hip 
angle (CH), tibial plateau angle (PA), 
and joint surface (condylar plateau) 
angle (CP). Standardized radiogra-
phy was used in all measurements. All 
knee alignment measurements were 
made on digital radiographs. The 
study lasted for 18 months. A logistic 
regression (probit) was used for the 
statistical analysis of the outcomes. A 
significance level of P = .05 was con-
sidered. Results. The knee angle fac-
tors (AA, CH, PA, and CP) proved to 
be statistically nonsignificant  
(P > .05). Conclusions. The geometric 
knee surface alignment factors do not 

seem to be a decisive factor that would 
increase the probability of spraining 
an ankle.

Levels of Evidence: Prognostic Level 
IV; Case Series

Keywords: structural knee measures; 
knee joint orientation; knee alignment; 
injury risk factors; ankle sprain

Introduction
The horizontal orienta-

tion of the joint lines at 
the hip, knee, and ankle 
is an essential anatom-
ical decisive factor for 
all weight-bearing func-
tions. The normal rela-
tionship of the joints of 
the lower extremity has 
been the focus of several recent stud-
ies.1,2 Abnormal joint orientation leads 
to forces3 that can put an unusually high 
pressure on the surrounding tissues. 
Recently, the intraarticular alignment of 
the femoral condyles and the tibial pla-
teau has been proposed as an indica-
tor of how contact forces are distributed 
across the joint surfaces of the knee 

during weight-bearing activities.4,5 Major 
changes in the alignment of the femur 
or tibia may affect the load distribution 
in the knee joint and influence soft- 
tissue loading at the hip and ankle joints 
as well.2

So as to follow a standard approach to 
the measurement and reporting of align-
ment data, all measurements in the present 
study were based on geometric analysis 

of the femur, tibia, and knee joint sur-
faces. From the anatomical and func-
tional perspectives, the orientation of 
the femur and tibia at the knee are 
best described in terms of the axes of 
the bones (anatomical). The orienta-
tion of these axes reflects alignment in 
stance, which may be neutral, varus, or 
valgus.
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On the basis of simple geometric anal-
ysis, the following elements define the 
geometry of the tibial and femoral sur-
faces and the angle between them when 
loaded stationary6,7 (Figure 1): anatomi-
cal alignment (AA), the angle formed by 
the lines drawn along the femur and tibia 
shafts (FS and TS); condylar hip angle 
(CH), the angle of the femoral condylar 
tangent with respect to the FS axis; pla-
teau angle (PA), the angle between the 
tibial margin tangent and the TS axis; 
condylar plateau angle (CP), the angle 
between the femoral and tibial joint sur-
face tangents. A joint space angle (CP) 
that narrows medially is designated as 
varus (−) and laterally as valgus (+).

Garrick8 first identified the lateral lig-
aments of the ankle as the most com-
monly injured structures in athletes, and 
subsequent reports support this finding. 
Fong et al9 reported that the ankle joint 
was found to be the second most com-
monly injured area of the body, whereas 
ankle sprain was recorded as the most 
common type of injury (76.7%).

Many different factors have been inves-
tigated in the search for predictors of 
sports injury. Studies relating structure 
or biomechanics to injury have been 

more successful than those focusing on 
strength, flexibility, training, and so on.10 
The intrinsic risk factors for sprains of the 
lateral ankle ligaments include the fol-
lowing: previous sprain; sex; height and 
weight; limb dominance; anatomical foot 
type and foot size; generalized joint lax-
ity; AA, ankle-joint laxity, and range of 
motion of the ankle-foot complex; mus-
cle strength; muscle reaction time; and 
postural sway.11

In sports and particularly in activi-
ties involving actions like running and 
jumping (soccer, basketball, volleyball, 
and so on.), the forces exerted on the 
foot and ankle are maximized.12 Contact 
sports conceal the greatest risk for ankle 
sprains, with soccer being at the top for 
ankle sprain injuries followed by basket-
ball, volleyball, and other team sports.13,14

Using data obtained from 60 partici-
pants and a logistic regression, this study 
aims to establish a link between geo-
metric components of knee alignment 
and lateral ankle sprain occurrence. We 
expect to find a significant relation, suffi-
cient enough to predict and prevent such 
injuries.

Materials and Methods
The study sample consisted of 60 male 

athletes taking part in different sports 
(basketball, soccer, and volleyball), 
whose ages ranged from 19 to 32 years 
(mean, 25.2 ± 3.2 years) Participants 
were excluded if they had a history of a 
surgical procedure involving the lower 
extremity. The athletes included in the 
sample were monitored for a period of 
18 months. The study began 12 months 
before the radiological examination 
and concluded 6 months later. They 
also signed a consent form, which was 
approved by the university.

The lower extremity (femorotibial) 
alignment is commonly assessed from 
short views of the knee from which the 
anatomic (shaft) axes of the femur (FS) 
and tibia (TS) may be located. The femo-
ral mechanical axis is not available from 
these views but may be approximated 
because the FS and femoral mechanical 
axis have a conservative angular offset 
from each other (about 4°-5°, with low 

variance).15-20 Correlations (r) between 
the femorotibial angle obtained from 
knee radiographs and the mechanical 
axis angle obtained from full-limb radio-
graphs are reported to range from 0.65 to 
0.88.17,18,21

Radiographic film is being rapidly 
replaced by digital images. Software pro-
grams have been developed to aid the 
measurements of alignment from digital 
radiographs.22-28 In this study, knee angle 
measurements were made on 35.6 × 43.2 
cm2 films with individuals standing in 
a weight-bearing position.29 The radio-
graphs were digitized, so that imaging 
software (AutoCAD 2011) could be used 
to compose reference lines and calculate 
the following angular measures30:

1. AA: the angle between lines drawn 
from the visual center of the femur 
and tibia at a point 10 cm from the 
joint line (when included in the field 
of view on the radiograph; otherwise, 
the furthest distance from the knee 
joint surfaces up to 10 cm was 
used)18 through the visual midpoint 
of the tibial spines. This angle was 
measured laterally. If the AA is 180°, 
the mechanical axis of the lower 
extremity passes through the center 
of the knee. If the AA is less than 
180°, the lower extremity is in relative 
valgus alignment, and if the angle is 
more than 180°, the lower extremity 
is in relative varus alignment.

2. CH: the angle between (measured 
laterally) a line tangent to the distal 
end of the femur (condylar line) and 
the line through the visual center of 
the femur. If the CH angle is more 
than 90°, then the FS is in relative 
valgus alignment, and if the angle 
is less than 90°, the FS is in relative 
varus alignment.

3. Tibial PA: the angle between a line 
tangent to the lateral aspect of the 
tibial plateau (tibial plateau line) and 
the line through the visual center of 
the tibia. This angle was measured 
laterally. If the PA angle is more 
than 90°, then the TS is in relative 
varus inclination, and the surface 
of the knee joint is higher laterally 
than medially with respect to the 

Figure 1.

Knee alignment angles

Abbreviations: CH, condylar hip angle; PA, tibial 
plateau angle; CP, condylar plateau angle; AA, 
anatomical alignment angle; FS, femur shaft; TS, 
tibia shaft.
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mechanical axis of the tibia. If the 
angle is less than 90° the TS is in 
valgus inclination, and the surface of 
the knee joint is higher medially with 
respect to the TS.

4. CP: This is the angle formed by the 
condylar line and the tibial plateau 
line and represents the joint’s 
orientation. If the knee joint is higher 
laterally, then the lower extremity is 
in varus alignment, and if the knee 
joint is higher medially, the lower 
extremity is in valgus alignment.

All measurements were taken by a sin-
gle reader who was blinded to the study 
question and the outcome status of the 
participant. The intrarater intraclass corre-
lation coefficient (ICC) ranged from 0.96 
to 0.98, and the interrater ICC ranged 
from 0.90 to 0.93 for the different angular 
measures. Anthropometric measurements 
and characteristics were also recorded 
(age, height, weight, and BMI).

Given the lack of significant differences 
between knee angle values on the 2 legs, 
the use of a knee angle as an independ-
ent variable was constructed as follows: 
the final value was the average of the 
angle of both legs for each participant 
who did not suffer an ankle sprain during 
the research period and the magnitude of 
the leg for each of those who did suffer 
an ankle sprain.

The current research recorded an ankle 
sprain as an injury of the ankle joint 
occurring during sports participation 
(training or game) that led to immediate 

cessation of sporting activity with at least 
1 abstention from sports (game or train-
ing).31 The occurrence of an ankle sprain 
was the dependent variable if it occurred 
during the research period (12 months 
preceding the radiograph and during the 
subsequent 6 months).

A logistic function (probit) was used to 
determine the importance of each factor 
for the probability of ankle sprain occur-
rence. The specificity of the dependent 
variable (appearance of ankle sprain), 
which is binary (qualitative), imposed the 
use of a logistic regression that estimates 
the probability by using a maximum like-
lihood method.32,33 It should be noted here 
that when a probit regression is used, one 
should not interpret the b coefficient as 
the marginal effect of the independent 
variable on the underlying probability, 
which is given by the partial derivative 
with respect to that variable. The deriva-
tive is given by b[prob (Y = 1)][1 − prob 
(y = 1)]. In our case prob(Y = 1) = 0.6, 
whereas [1 − prob (Y = 1)] = 0.4.

Our dependent variable is constructed 
based on the fact that 36 lateral ankle 
sprains occurred during the sample 
period. The analysis was conducted using 
the statistic/econometric software Stata. A 
significance level of P = .05 was used.

Results
Measurements were obtained from 120 

lower extremities (60 right and 60 left; 
Table 1). Mean values of the AA angle 
were 180.96° ± 4.04° (right) and 180.47° 

± 3.42° (left). Thus, the overall axial 
alignment (180.76° ± 3.33°) of the lower 
extremities used in this model was slight 
relative varus angulation, with the ana-
tomical axis of the lower extremity tend-
ing to pass slightly medial to the point 
that was chosen as the knee center. Using 
the paired t test, the AA angle, which 
averaged 180.96° on the right and 180.47° 
on the left lower extremity, was not sig-
nificantly different from 180° (P > .05). 
The mean values of the CH angle were 
91.36° ± 2.65° (right) and 91.16° ± 2.56° 
(left). Using the paired t test, the CH 
angle, in both the right and the left lower 
extremities, was significantly different 
from 90° (P < .05). Thus, the surface of 
the knee joint had a mean of 1.36° (right) 
and 1.16° (left) of valgus inclination with 
respect to the FS. The mean values of the 
PA angle were 87.62° ± 3.2° (right) and 
of 87.18° ± 2.43° (left). Using the paired t 
test, the PA angle, which averaged 87.62° 
on the right and 87.18° on the left lower 
extremity, was significantly different from 
90° (P < .05). Thus, the surface of the 
knee joint had a mean of 2.38° (right) 
and 2.82° (left) of varus inclination with 
respect to the anatomical axis of the tibia. 
The mean values of the CP angle were 
1.98° ± 0.98° (right, 31 lower extremi-
ties varus and 29 valgus inclinations) and 
2.13° ± 1.05° (left, 40 lower extremities 
varus and 20 valgus inclinations).

Table 2 provides a summary of the 
descriptive characteristics of the independ-
ent variables (age, BMI, and knee sur-
face angles) and the dependent variable 

Table 1.

Descriptive Statistics of Initial Measurements

Angle N

Mean (degrees) Standard Deviation (degrees) Range (degrees)

Right Leg Left Leg Right Leg Left Leg Right Leg Left Leg

AA 60 180.96 180.47 4.04 3.42 166-190 168-191

CH 60 91.36 91.16 2.65 2.56 85-97 85-97

PA 60 87.62 87.18 3.2 2.43 80-98 81-95

CP 60 1.98 2.13 0.98 1.05 0-5 0-4

Abbreviations: AA, anatomical alignment angle; CH, condylar hip angle; PA, tibial plateau angle; CP, condylar plateau angle.
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(ankle sprain occurrence), which were 
used for the construction of the mod-
els of the sample. The average values of 
knee alignment measurements used in the 
model (the value for the corresponding 
leg for those who were injured and the 
mean value for both legs for those who 
did not suffer an ankle sprain) were as fol-
lows: 180.76° degrees for AA, 91.23° for 
CH, 87.5° for PA, and 2.04° for CP. On the 
other hand, the mean values of the sample 
of participants independently of whether 
they were injured or not were not signifi-
cantly different (P > .5).

Although the knee angles of the left 
and right legs were seemingly asym-
metric, the differences were not statis-
tically significant (P > .5). In addition, 

the Pearson coefficient showed a pos-
itive correlation (r = 0.79; Table 3). 
Participants had higher values for AA, PA, 
and CH in the right leg than in the left 
except for the CP angle, whereas 51.6% 
showed equal values for both legs for the 
CP angle.

All variables are of the expected sign. 
Regarding the first model, the likelihood 
ratio test is 16.03, suggesting that the 
overall regression is significant (Table 4). 
The only variable that seems to signifi-
cantly contribute to the probability of suf-
fering an ankle sprain is the history of 
previous injuries. In particular, the pres-
ence of a sprained ankle increases the 
probability of suffering a new one by 27 
percentage points. Our results show that 

the presence of a past sprain dominates 
the effect on the probability of being 
injured again. All other variables, includ-
ing the knee angles, do not seem to sig-
nificantly affect the likelihood of being 
injured. This is the case for both the age 
of the participant as well as his BMI. The 
result holds regardless of which model 
is used.

Discussion
Opinions in the literature differ regard-

ing the influence of lower leg align-
ment on the probability of ankle sprain 
occurrence. Knee alignment angles are 
important indicators of lower leg align-
ment,34 and values outside the normal 
range could be a potential risk factor for 
ankle sprain occurrence.35 Until now, the 
impact of knee alignment on ankle sprain 
occurrence has not been studied system-
atically.36 Therefore, we did not expect 
the factors that determine the AA of the 
knee to show high statistical significance. 
The expected impact of these factors 
on the dependent variable (ankle sprain 
occurrence) was positive.

Several researchers have reported that 
ankle sprain is the most frequent injury in 
team sports.37-39 The results of this study 
are consistent with the findings of studies 
reporting the incidence of ankle sprains.

The existing literature is divided on 
the issue of whether a previous ankle 
sprain can predispose an athlete to future 
sprains.40 Several studies in athletes who 
take part in team sports support the con-
clusion that a previous ankle sprain 
increases the possibility for athletes to be 
injured again,31,41 whereas Barrett et al42 
reported no increased risk. In the current 
study, the results showed that a previous 
ankle sprain significantly increases the 
likelihood of injury and the variable “pre-
vious ankle sprain” was statistically signif-
icant and had a sizeable marginal effect. 
An additional ankle sprain increases the 
chances for injury by 27% to 28%. This 
appeared to be the strongest predictive 
factor in this study. The knee angles do 
not appear to affect the occurrence of 
such injuries. These results are consis-
tent with previous studies by Pefanis 
et al,43,44 where the effect of the Q angle 

Table 2.

Descriptive Characteristics of Variables Used

N Mean SD Minimum Maximum

Dependent variable (ankle 
sprain)

60 0.6 0.50 0.00 1.00

AA 60 180.7 3.33 168 189.5

CH 91.23 2.14 85 97

PA 87.5 2.78 81 98

CP 2.04 0.89 0 5

Age 60 25.2 3.2 18 30

BMI 60 24.49 2.05 21.07 31.02

Previous ankle sprain 60 0.60 0.94 0.00 4.00

Abbreviations: AA, anatomical alignment angle; CH, condylar hip angle; PA, tibial plateau angle; CP, 
condylar plateau angle.

Table 3.

Asymmetry of Knee Angles

Knee Angles >For Left Leg >For Right Leg Equal for Both Legs N

CH 19 28 13 60

PA 22 29  9 60

CP 20  9 31 60

AA 27 28  5 60

Abbreviations: CH, condylar hip angle; PA, tibial plateau angle; CP, condylar plateau angle; AA, 
anatomical alignment angle.



Foot & Ankle Specialistvol. x / no. x 5

Ta
bl

e 
4.

Re
su

lts
 o

f R
eg

re
ss

io
ns

 in
 T

ot
al

 S
am

pl
e 

(D
ep

en
de

nt
 V

ar
ia

bl
e:

 A
nk

le
 S

pr
ai

n)
[A

Q
: 
3

]

Va
ria

bl
e

M
od

el
 1

 (L
R 

=
 1

6.
03

)
M

od
el

 2
 (L

R 
=

 1
5.

91
)

M
od

el
 3

 (L
R 

=
 1

5.
97

)
M

od
el

 4
 (L

R 
=

 1
6.

02
)

Co
ef

fic
ie

nt
z 

St
at

is
tic

M
ar

gi
na

l 
Ef

fe
ct

Co
ef

fic
ie

nt
z 

St
at

is
tic

M
ar

gi
na

l 
Ef

fe
ct

Co
ef

fic
ie

nt
z 

St
at

is
tic

M
ar

gi
na

l 
Ef

fe
ct

Co
ef

fic
ie

nt
z 

St
at

is
tic

M
ar

gi
na

l 
Ef

fe
ct

Ag
e

0.
04

0.
63

0.
01

0.
03

0.
56

0.
01

0.
04

0.
67

0.
01

0.
04

0.
62

0.
01

Pa
st

 s
pr

ai
n

1.
14

3.
13

0.
27

1.
16

3.
22

0.
28

1.
18

3.
17

0.
28

1.
16

3.
23

0.
28

BM
I

0.
13

1.
23

0.
03

0.
14

1.
26

0.
03

0.
13

1.
25

0.
03

0.
13

1.
26

0.
03

Co
nd

yl
ar

 h
ip

 
an

gl
e

0.
03

0.
40

0.
01

Ti
bi

al
 p

la
te

au
 

an
gl

e
−0

.2
4

−0
.9

−0
.0

6

Co
nd

yl
ar

 
pl

at
ea

u 
an

gl
e

−0
.0

2
−0

.3
3

0.
00

An
at

om
ic

al
 

al
ig

nm
en

t 
an

gl
e

−0
.0

3
−0

.3
9

−0
.0

1

Co
ns

ta
nt

−7
.0

9
−0

.9
7

−1
.7

0
−3

.9
9

1.
32

−0
.9

6
−2

.4
2

−0
.3

5
−0

.5
8

0.
62

0.
05

0.
15



Month xxxxFoot & Ankle Specialist6

the influence of flexion and extension in 
the knee on the extensor mechanism and 
angles of the lower extremity in a healthy 
population. Acta Radiol. 2001;42:207-217.

16. Hsu RW, Himeno S, Coventry MB,  
Chao EY. Normal axial alignment of the 
lower extremity and load-bearing distri-
bution at the knee. Clin Orthop Relat Res. 
1990;255:215-227.

17. Issa SN, Dunlop D, Chang A, et al. Full-
limb and knee radiography assessments 
of varus-valgus alignment and their rela-
tionship to osteoarthritis disease features 
by magnetic resonance imaging. Arthritis 
Rheum. 2007;57:398-406.

18. Kraus VB, Vail TP, Worrell T, McDaniel G. 
A comparative assessment of alignment 
angle of the knee by radiographic and 
physical examination methods. Arthritis 
Rheum. 2005;52:1730-1735.

19. Moreland JR, Bassett LW, Hanker GJ. 
Radiographic analysis of the axial align-
ment of the lower extremity. J Bone Joint 
Surg Am. 1987;69:745-749.

20. Yoshioka Y, Siu D, Cooke TD. The ana-
tomy and functional axes of the femur.  
J Bone Joint Surg Am. 1987;69:873-880.

21. Hinman RS, May RL, Crossley KM. Is 
there an alternative to the full-leg radio-
graph for determining knee joint align-
ment in osteoarthritis? Arthritis Rheum. 
2006;55:306-313.

22. Cooke TD, Scudamore RA, Bryant JT, 
Sorbie C, Siu D, Fisher B. A quantitative 
approach to radiography of the lower limb: 
principles and applications. J Bone Joint 
Surg Br. 1991;73:715-720.

23. Prakash U, Wigderowitz CA, McGurty DW, 
Rowley DI. Computerized measurement of 
tibiofemoral alignment. J Bone Joint Surg 
Br. 2001;83:819-824.

24. Sled E, Costigan P, Cooke TD, Sheehy L,  
Hundt H, Qiu M. Measuring malalign-
ment in knee OA [abstract]. Osteoarthritis 
Cartilage. 2005;13:S120.

25. Rozzanigo U, Pizzoli A, Minari C,  
Caudana R. Alignment and articular orien-
tation of lower limbs: manual vs computer 
aided measurements on digital radiograms. 
Radiol Med. 2005;109:234-238.

26. Hankemeier S, Gosling T, Richter M, 
Hufner T, Hochhausen C, Krettek C. 
Computer-assisted analysis of lower limb 
geometry: higher intraobserver reliabi-
lity compared to conventional method. 
Comput Aided Surg. 2006;11:81-86.

27. Sitler MR, Ryan J, Wheeler B. The efficacy 
of a semirigid ankle stabilizer to reduce 
acute ankle injuries in basketball: a rand-
omized clinical study at West Point. Am J 
Sports Med. 1994;22:454-461.

as well as that of the tibiofemoral angle 
on the probability of suffering a sprained 
ankle was not proved to be statistically 
significant.

Although it has been statistically proved 
that the CH and PA angles are not equal 
to 90°, which suggests a varus inclination 
of the lower extremity’s AA, they do not 
seem to affect the probability of an ankle 
sprain occurrence. This is consistent with 
all prior research efforts, where a pos-
sible association between knee surface 
alignment and ankle sprain injuries could 
not be proved.

The limitations of this investigation—
namely, the lack of reliable methods 
for knee angle measurement with full 
descriptions and participants who rep-
resent the general population as well as 
the small number of participants—mean 
that the above results should be used 
with caution. An ideal research design 
would be a longitudinal prospective 
study where a group of healthy partici-
pants will be monitored for a period of 
time for the emergence of such injuries. 
This is probably the only way in which 
research could finally reveal whether 
knee alignment angles are the cause or 
the result.

Conclusion
Knee surface alignment and the mag-

nitude of derived angles do not seem to 
be a decisive factor that could increase 
the probability of spraining an ankle. The 
most important factor that could affect 
the probability of sustaining a lateral 
ankle sprain is prior injuries. The results 
of this study indicate that the reasons 
why athletes are susceptible to this injury 
should be investigated further.
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