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BACKGROUND Rotation of Hip Loads

Plotting the Loads

Understanding the loads in a joint for different types of gait Is essential to T he premise of the ability to augment the loads at the hip for normal gait was based We then needed a visual in order to assist in the interpretation of the
analyze and understand the implications of abnormal forms of gait. The upon the assumption that the magnitude and location of the loads from the hip would be loads at the knee throughout the entire gait cycle. The first figure shown uses a
calculation of knee loads from the hip would be useful in understanding whatis  the same for each type of gait. With this assumption, we continued that we could then contour to replicate the rough shape of the femoral condyles at the knee. The
happening In the knee throughout gait. More specifically, these loads would be simulate the loads for each type of abnormal gait (varus and external rotation of the femur) vectors below it then show the varying forces applied throughout gait for both
helpful when performing a deeper analysis such as a finite element model. by rotating the vector of the load on the femoral head. Changing different angles of the normal and abnormal gait.

vector about the femoral head would be able to simulate different forms of gait. Resultant Forces on the Distal End of the Femur (Femral Gondyles shown)

Normal Gait External Rotation Varus

OBJECTIVES

T he objective of this study was to take known experimental loads found y In the y-z plane g
at the hip and to calculate the corresponding loading at the knee. In addition to |y In the x-y plane = = B |
finding the loads at the knee for normal gait, the loads would then be |/ i Medin
augmented in a way as to simulate bowlegged gait. After the loads were | i
calculated, we were to plot the loads graphically so that the trends through galit cemoral I+ T e T
could be more readily visualized. head &= =7 . o

Figure 8: The resultant forces acting on the center of the knee with the femoral condyles shown.

_ B éhe Dligtal ~—my
Figure 3: The angle defin;gjlZzéZea?g?;ek;);otation for the calculation Figure 4: The angle defined as the varus of the knee used for calculation of
, ; : ' the loads at the knee..

* Normal Gait: The walking pattern of a person who goes through the gait The above angles are the particular angles which defined the two abnormal gaits of ) _

cycle without any known pathological variations of gait. interest. The varus angle rotates more laterally about the femoral head. This represents the - -
« Abnormal Gait: The walking pattern of a person who has at least one movement of the knee In a lateral direction as the location of the load in relation to the

pathological variation of gait. pelvic bone doesn’t move. The same goes with the angle representing the external rotation
. Bowlegged Gait: The specific pathological variation of gait where the knees ~ Of the femur, as the angle of the load rotates, It simulates the movement of the femur with R s e e

are pOSitiOﬂ@d maore Iatera”y. his causes the PErson to have an outward relation to the fixed location of the load in the peIVIS' Figure 9: The resultant moments acting on the knees with the countours showing the shape of the femoral condyles looking from above.

bend in his or her legs.

) The second figure plots the reaction moments at the knee. It Is shown in a
« Varus: Atype of bqwlegged gait in which the outward bend of the leg is Static Model two dimensional figure because there are no moments in the z-direction. This

caused by an angle in the frontal plane of the body. _ - IS because the model went along the mechanical axis. The color gradient
« External Rotation of the Femur: A type of bowlegged gait caused by the _ _In_order to calculate the Ioao.ls_ at_the knee, _statlc ; showed us the femoral condyles as looking from above the femur.
rotation of the femur in the outward direction which causes the leg to move equilibrium was assumed and equilibrium equations e Yoy : | : £th
jaterally in the forward positions of gait were then used. This was done after the loads were / Fy Visual Representation of the Loads
. . _ . . rotated. The loads that were rotated were retrieved L | N _ o -
* Mechanical Axis of the Femur: The axis which goes from the center of from Realistic Loads for Testing Hip Implants by Femur (.__Ez@.“ In addition to the plotting of the loads, the loads for the critical positions
femoral head to the center of the knee. - of gait were shown as applied to the distal end of the femur. This model was
Bergman et al., (2010). The loads retrieved from the M, M, _ _ _ - LI
" article gave a matrix of information which gave the along the mechanical axis which meant that the loads were applied to the
y | loads for the gait throughout the gait cycle. Fiqure 5: The Free 80 dyDiagram N center of the knee. The loads are shown in the figure below.
Therefore, the loads were calculated at the knee throughout all of gait. The loads for two
' ! | critical positions of gait were then given: the maximum force and the maximum moment. |
| ) , These maximum forces and moments were calculated using the static model mentioned w YR
{ : ‘__;,;; m 63.8 Nm
/ ) : / , above. T\ wedil 5
. / [N] Resultant Contact Force F ‘ Fz= 1778.4»N Fz=1793 _9
/ 200 A Average Peak Loads " Ex=2494N Y - 22390 y .
¢ (/ ¢ o : N Hip Dat Define direction Rotate forces to o | Ak
q \/ “ \\ \\ -~ \ A N \, ‘ o o, 4 — I_’ cosines of force == account for > Appg Equ_lllb”um Figure 10: The resultant loading at the knee along the Figure 11: The resultant loading at the knee along the Figure 12: The resultant loading at the knee along the
- - : - :jﬂu_ Inputs I_> vector abnormalgait quations mechanical axis for normal gait. m;echanical axis for a gait with varus. mechanical .axisforan external rotation of the femur gait.
Figure 1: The typical movement of a single leg through half of gait. This only represents 1;._:Zj .
A a single leg through the stance phase of gait and does not show the swing phase. 1000 4 AC KN OWL E DG E M E NTS
Figure 1: The mechanical axis of the knee ol pustinsaiball BN Inanriiar AR B prrrorien . - e
and the variation of the mechanical axis 29 cait positions J. David Blaha, M.D., Univ. of I\/IIChlgan
that is defined as varus. o 1 2 w4 s e 0 o o

a3 | | e Timothy L. Norman, Ph.D., Advisor

Figure 6: The loads at the hip for different types of gait given Flg_u_re _7: The flow chart that wsually d_emonstrates the way the information is processe_d in the static
by Bergman et al. (2010) equilibrium model. In other words, this is the way the code programmed goes about solving the model.
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