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ABSTRACT 

The aim of this study was to quantify the effect of torsion deformity on the lower limb kinetics during the loading re- 
sponse phase of gait. A total of 24 subjects: 6 end-staged medial knee OA with torsion deformity (TKO), 8 without tor- 
sion deformity (KOA), and 10 controls (CON) were imaged using computed tomography (CT). Internal moment of 
support and sagittal hip, knee and ankle joint moments were assessed using gait analysis. TKO showed greater external 
rotations of the proximal tibia and the distal femur compared to subjects with medial knee OA without torsion deform- 
ity and controls. TKO showed greater moment of support and a greater knee extensor moment when compared to con- 
trols when supporting the weight of the body during gait. The TKO intorsion deformity occurred as a result of a proxi- 
mal malrotation of the tibia. In the presence of torsion deformity, the kinetic synergy of the lower limb showed in- 
creased total moment of support for subjects with medial knee OA. The greater extensor output from TKO may be the 
result of an increased muscular response to overcome an interrupted inter-segmental exchange of accelerations during 
the loading response phase of gait. 
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1. Introduction 

Krackow et al. (1990) described an internal tibial torsion 
deformity concomitant with flexion contracture for knee 
osteoarthritis which was masked as genu varum on stan- 
ding radiographs and was possibly a pre-degeneration 
deformity [1,2]. Additionally, Krackow et al. (1997) 
described the impact of this abnormal bony geometry on 
the soft tissue attachment sites, specifically regarding a 
compensatory external rotation of the femoral condyles 
[3]. The externally rotated knee, in the presence of in- 
ternal tibial torsion, was hypothesized to represent a mor- 
phological compensation in select subjects to bring the 
toes into a normal foot progression angle during gait.  

Krackow et al. (2011) reported a test of this hypo- 
thesis using computed tomography and gait analysis for 
subjects with medial knee OA and apparent tibial intor- 
sion compared to those with medial knee OA without the 
torsion deformity and controls. Subjects with medial knee 
OA and tibial intorsion deformity walked with a greater  

internal knee varus moment which was found to be pre- 
dicted best by the mechanical axis and the foot progres- 
sion angle, but not by the degree of tibial intorsion [4]. 
Additionally, in a post-hoc analysis of CT torsion values, 
subjects with tibial intorson and medial knee OA were 
found to have greater external rotation of the knee and 
these subjects walked with no difference of foot progres- 
sion angle. However, the effect of the rotated soft tissue 
attachment sites of both the tibial intorsion deformity and 
the compensatory external rotation of the knee on the ex- 
tensor moment profile for these subjects was not repor- 
ted.  

Weidow et al. (2005) studied radiographic coronal 
morphology of the hip region for knee OA subjects and 
reported reduced hip abductor moment arm for lateral 
(22%) and for medial (8%) knee OA subjects compared 
to controls [5]. Using a musculoskeletal model derived 
from the gait patterns of 10 healthy children, Hicks et al. 
(2007) found that simulated external torsion of the distal  
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tibia greater than 42˚ created a 10% decrease in the ca- 
pacity of gluteus maximus, posterior gluteus medius and 
the soleus to extend the hip and the knee during the sin- 
gle limb stance of gait [6]. The diminished extensor capa- 
city in the presence of external tibial torsion was found to 
be due to altered inter-segmental kinetics. The authors re- 
ported the capacity of these extensor muscles using an op- 
timization scheme based on normative youth gait data 
and simulated external torsion deformity only at the distal 
tibia, yet the question remains, how does tibial intorsion 
and a compensatory externally rotated knee alter the 
extensor moment profile of adults with knee OA?  

Extensor moment values of the lower limb joints have 
previously been isolated during the first peak vertical 
ground reaction force (vGRF) and summed to describe the 
lower limb extensor synergy during the loading response 
phase for subjects with medial knee OA [7]. However, 
this technique has not been used to characterize the effect 
of tibial intorsion deformity and medial knee OA on the 
lower limb’s extensor moment profile. The purpose of 
this study was to quantify the effect of torsion deformity 
on the lower limb extensor moment profile during single 
limb support for subjects with medial knee OA and in- 
torsion deformity compared to medial knee OA without 
the torsion deformity and healthy controls. We hypothe- 
sized that subjects with medial knee OA and intorsion de- 
formity would exhibit less relative extensor moment out- 
put when supporting the body due to diminished mecha- 
nical advantage of the hip, knee and ankle extensors. 

2. Method 

2.1. Subjects 

Twenty-four subjects were recruited into 3 groups: 
end-staged medial knee OA with torsion deformity (TKO, 
n = 6, BMI = 34.2 ± 3 kg/m2, age = 61.8 ± 8 yrs.); with- 
out the torsion deformity (KOA, n = 8, BMI = 33.8 ± 7 
kg/m2, age = 59 ± 11 yrs.) and healthy controls (CON, n 
= 10, BMI = 28.4 ± 4 kg/m2, age = 62.5 ± 4 yrs.). 
Apparent torsion deformity was identified using a long 
standing lower extremity (LSLE) radiograph. The LSLE 
was used to classify knee OA disease severity for all 
subjects based on the Kellgren/Lawrence (K/L) scale; 
knee OA scores were ≥3 and controls were <2. Inclusion 
criteria included: age > 55 years and the absence of self 
report knee pain and dysfunction. Exclusion criteria for 
all subjects were: rheumatoid arthritis, prior corrective 
surgery on the study limb, prior fracture to the femur or 
tibia of the study limb and current musculoskeletal trau- 
ma. This study was approved by the Institutional Review 
Board and all subjects provided informed, voluntary con- 
sent prior to testing.  

2.2. Computed Tomography Imaging 

A previously described partially loaded-limb CT scan 

protocol was used to replicate the tibiofemoral joint 
angle (10˚ flexion) during the stance phase of gait [4]. 
Cross sections of the femur and the tibia were obtained 
proximally and distally at 3 mm intervals. Sections were 
taken from three regions: A) proximal to the femoroace- 
tabular joint and extending to the proximal femoral shaft; 
B) proximal to the tibiofemoral joint and extending to the 
tibial tubercle; and C) proximal to the malleoli and ex- 
tending to the base plate (Figure 1). Digital CT images 
were archived and measured by two evaluators (SRR and 
DSM) using a PC workstation.  

The slices used to identify the proximal and distal long 
bone rotation angles were determined using the following 
protocol which has not been previously reported. The 
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Figure 1. A computed tomography scout view of a subject 
with medial knee OA and torsion deformity showing the 
areas where 3 mm slices were used to measure lower limb 
torsion: the femoroacetabular region (A), the tibiofemoral 
region (B), and the talocrural region (C). The subject was 
supine with the knees supported in 10˚ of flexion, the feet 
were fixed in the level walking foot progression angle while 
loaded axially with approximately 55 N. 
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proximal femur (PF) angle was isolated at the section 
which had the thickest femoral neck and was determined 
from the bisector of the center of the femoral head to the 
greater trochanter. The distal femur (DF) angle was iso- 
lated at the section with the most posterior protrusion of 
the femoral condyles and was determined from the bisec- 
tor connecting the posterior portions of the medial and 
lateral femoral condyles. The proximal tibia (PT) angle 
was isolated at the section just above the fibular head and 
was determined from the midpoint bisector of the medial 
and lateral compartment using anterior/posterior transe- 
cting lines. The distal tibia (DT) angle was isolated at the 
section just superior to the talar dome and was deter- 
mined from the bisector of the malleoli. All angles are 
relative to the horizontal axis, with external rotation va- 
lues as positive. The PF, DF, PT and DT values have not 
been reported and will be included to add to the known 
long bone torsion values for both knee OA and aged-ma- 
tched control subjects. 

2.3. Internal Joint Moments—Gait Analysis  

Sagittal internal net joint moments were determined using 
level walking motion analysis involving two force plates 
(Kistler Instrument Corp., Amherst, NY) and an eight-ca- 
mera VICON MX20 motion capture system (Oxford 
Metrics, UK). A modified Cleveland Clinic set of retro- 
reflective markers (diameter = 13 mm) was used to de- 
fine a 7 segment model of the pelvis and both lower extre- 
mities with a functional hip joint center estimation (Fig- 
ure 2). A Newton/Euler inverse dynamic analysis was 
used to calculate the internal hip, knee, and ankle joint 
moments (C-Motion Inc., Maryland). These net joint 
moments (normalized to % body weight × body height) 
 

 

Figure 2. The seven segment model of the lower limbs (us-
ing the Cleveland Clinic marker set and gait analysis) which 
was used to quantify the sagittal kinetic synergy to support 
the body on a single limb during walking. 

were extracted at the first peak vertical ground reaction 
force (vGRF) and summed to present the total moment of 
support (MS) [8]. Isolating the internal joint moment va- 
lues at the first peak vGRF allows for a kinetic descri- 
ption corresponding to the locomotor task of single limb 
support of the body where extensor contributions from 
all 3 lower limb joints are present [9]. Thus, this kinetic 
analysis allows a characterization of the central nervous 
system’s mechanical output when resisting collapse of 
the limb during dynamic support of the body in the pre- 
sence of medial knee OA and intorsion deformity. 

2.4. Data Analysis 

Between-group differences for the CT measures were 
assessed using one-way analyses of variance (α < 0.05, 
SPSS, Chicago, Illinois). Analysis of co-variance using 
gait velocity as a covariate was used to test for between- 
group differences for the moment of support, the hip, 
knee, and ankle joint moments (α < 0.05, SPSS, Chicago, 
Illinois). Post-hoc contrasts were used to test for bet- 
ween-group differences in the adjusted mean kinetic va- 
lues. 

3. Results 

Subjects with medial knee OA and tibial intorsion sho- 
wed significantly greater external rotation at the distal 
femur when compared to both KOA and CON (Table 1). 
Additionally, TKO had significantly greater external 
rotation of the proximal tibia when compared to both 
KOA and CON (Table 1). The proximal femur and distal 
tibia rotations were not found to be different between 
groups. All four CT rotational measures showed strong 
repeatability with ICC values ranging from 0.86 - 0.96.  

Subjects with medial knee OA and tibial intorsion de-
formity walked with significantly greater moment of 
support compared to control but not compared to subjects 
with medial knee OA without the torsion deformity (Ta-
ble 2, Figure 3). TKO also had significantly greater in-
ternal knee extensor moment when compared to CON 
but not compared to KOA, though this comparison ap-
proached significance (Table 2, Figure 3). No bet- 
ween-group differences were seen for the internal hip and 
ankle joint moments. It is important to note that the test for 
between-group differences of the extensor moment values 
used gait velocity as a covariate to statistically adjust the 
group means. 

4. Discussion 

Previous studies have quantified the impact of external 
tibial torsion and surgical intervention on the actual and 
simulated kinetics of crouch gait for children with cere- 
bral palsy and high sacral myelomeningocele [10-13]. 
Though a relationship between tibial intorsion and knee  
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Table 1. Mean (SD) computed tomography measures of torsion for medial knee osteoarthritis subjects with torsion (TKO) 
and without (KOA) as compared to aged-matched controls (CON). Inter-rater reliability for the imaging measures estimated 
by the intraclass correlation coefficient (ICC). 

 TKO KOA CON ICC 

Proximal femur (Degree) 10.63 (9.96) 9.88 (6.30) 5.82 (6.10) 0.856 

Distal femur (Degree) 9.23*# (5.73) −1.86 (8.62) −1.27 (7.36) 0.964 

Proximal tibia (Degree) 19.53*# (8.03) 0.91 (9.92) −0.16 (5.44) 0.941 

Distal tibia (Degree) 38.83 (5.53) 26.72 (11.02) 30.96 (9.10) 0.962 

*Significantly different from CON (P < 0.05); #Significantly different from KOA (P < 0.05). 

 
Table 2. The estimated means (SD) when controlling for 
gait velocity at the first peak vertical ground reaction force 
for the internal sagittal moment of support, hip, knee and 
ankle moments of patients with medial knee osteoarthritis 
and torsion deformity (TKO), patients with medial knee OA 
(KOA) and healthy controls (CON). 

 

 TKO KOA CON 

Moment of Support 
(%BWBH) 

8.90* (0.79) 6.86 (0.57) 5.50 (0.57)

Hip Moment 
(%BWBH) 

3.24 (0.51) 2.97 (0.37) 2.42 (0.37)

Knee Moment 
(%BWBH) 

2.57* (0.42) 1.09 (0.30) 1.04 (0.30)

Ankle Moment 
(%BWBH) 

3.10 (0.53) 2.81 (0.38) 2.03 (0.38)

Standard deviations are in parentheses; *Significantly different from CON 
(P < 0.05). 

 
OA has been reported [14,15], few studies have reported 
the impact of tibial intorsion deformity on gait kinetics 
[4,16]. 

This study reports the effect of torsion deformities and 
knee OA on the extensor moments of the lower extremity 
during the loading response of gait. The TKO subjects of 
this study were found to have greater tibial intorsion which 
was a result of significantly greater external torsion of the 
proximal tibia, as no between-group difference was seen 
for the distal tibia rotation. One may expect extensor 
moment deficits at the hip and knee for TKO due to the 
impact of the torsion deformity on the insertion sites of 
the extensor musculature. However, when supporting the 
body weight on the involved limb, TKO produced sig- 
nificantly greater relative moment of support and internal 
knee extensor moment compared to CON. This finding 
was unexpected, but is supported by the findings of Hicks 
et al. (2007) who report that moment arm reductions are 
secondary to inter-segmental forces when accounting for 
diminished extensor muscle capacity in the presence of 
simulated tibial torsion during gait [6]. An interrupted 
extensor moment synergy has been reported to occur in 
the presence of a stiff knee gait pattern for me- dial knee 
OA subjects where the knee is fixed in flexion across 
stance phase [17,18]. It is possible that the TKO extensor 

Figure 3. Ensemble curves of internal moment of support 
and net sagittal joint moments for TKO (dashed), KOA 
(gray) and CON (black). Values were isolated at the first 
peak vertical ground reaction force (vertical bar, 25% 
stance phase). 

 
moment synergy required increased total moment of 
support to generate sufficient intersegmental forces when 
supporting the body weight.  

The finding that the KOA subjects without the torsion 
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deformity showed similar values of distal femur and pro- 
ximal tibia rotation compared to CON that suggests the 
torsion deformity is not a consequence of the pathologic 
loading of medial knee OA. It may be proved that pro- 
gressive genu varum as a result of medial compartment 
sclerosis overlies an idiopathic pre-existing morphologic 
intorsion deformity. As conservative interventions of 
tibial torsion deformity have been shown to be ineffec- 
tive [11], derotation osteotomy has been suggested to 
spare future knee OA development in subjects with tibial 
torsion deformity [15]. Future prospective imaging stud- 
ies are needed to assess for the presence of independent 
torsion deformity for initial staged knee OA subjects.  

The tibial intorsion values reported in this study sho- 
wed strong inter-rater reliability and were in the range of 
those previously reported for subjects with medial knee 
OA [14.15] and for subjects with rotational malalignment 
[16]. The CT torsion measures, including those of the 
proximal tibia, have previously been shown to be robust 
to differences in slice location and reference axis sele- 
ction [19,20]. However, there is a paucity of evidence 
regarding the morphology of tibial torsion deformity, 
though it is commonly believed to occur distally [6]. Our 
results indicate that the tibial intorsion leads to an exter- 
nally rotated hip joint with the knee pointing outwards 
when the patient walks with a normal foot progression 
angle.  

Both the kinetic and torsion results of this study need 
to be interpreted cautiously due to a limited sample. Fu-
ture epidemiologic studies are needed to characterize this 
possible risk factor for medial knee OA. A limitation of 
this study is that individual muscle contributions and the 
neurologic input cannot be described for the altered 
skeletal geometry of tibial intorsion deformity. Future 
studies employing electromyography are required to con- 
firm increased muscular demand on those muscles with 
altered mechanical advantage. Though CT torsion mea- 
sures have been shown to correlate to the transverse 
plane kinematics from gait analysis [16], these rotation 
values from gait analysis have been shown to be unre- 
liable [21] and have not been presented here. Future gait 
studies reporting these variables at the hip and knee 
might use an a priori Cardan transformation sequence pri- 
oritizing the transverse plane and sacrificing the sagittal 
and frontal planes.  

In conclusion, subjects with medial knee OA and tibial 
intorsion deformity showed greater external rotation of 
the proximal tibia and distal femur compared to medial 
knee OA subjects and controls. Thus, the intorsion defor- 
mity occurred as a result of a proximal malrotation of the 
tibia. When controlling for gait velocity, the adjusted 
TKO values showed greater relative moment of support 
and extensor moment at the knee. Increased extensor out- 
put from TKO may be the result of an increased mus- 

cular response needed to overcome an interrupted inter- 
segmental exchange of accelerations at the knee. 
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