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Fig. 4

BIOMECHANICAL EFFECTS OF KNEELING AFTER
ToTAL KNEE ARTHROPLASTY

Mean patellofemoral contact pressure (MPa) (and standard error) for each knee flexion angle
and loading condition with the p value for each comparison.

Photoshop software (Adobe Systems, San Jose, California) by
measuring the angles between lines drawn on the image, with
the Kirschner wires placed along the epicondylar axis and with
the patella used as a reference. This method was determined to
be accurate within 0.2° and repeatable within 0.1°.

Significance was evaluated with use of a repeated-mea-
sures analysis of variance with post hoc comparisons with use
of the Tukey honestly significant difference test with a confi-
dencelevel of 0.05. Each specimen acted as its own control, with
the position without kneeling functioning as the starting point.
All data are reported as the mean and the standard error. The
smallest p value reported is 0.001.

Results

atellofemoral contact area showed significant increases

with kneeling at 90°, 105°, and 120° of flexion (p < 0.001
for all angles). At 135° of flexion, only kneeling in the single-
stance position resulted in a significant increase in patellofe-
moral contact area from the condition without kneeling (p =
0.03). Double-stance kneeling at 135° of knee flexion did not
significantly increase patellofemoral joint contact area (p =
0.05) (Figs. 2 and 3).

Mean patellofemoral contact pressure showed significant
increases with kneeling at flexion angles of 90°, 105°, and 120°
(p <0.001 and p < 0.001; p=0.006, and p < 0.001; p = 0.04 and
p <0.001, respectively). At 135° of flexion, only kneeling in the
single-stance position showed a significant increase in patello-
femoral contact pressure from the condition without kneeling
(p = 0.01). Double-stance kneeling at 135° of flexion did not
significantly increase patellofemoral joint contact pressure (p =
0.19) (Fig. 4).

The resultant knee joint reaction force increased signif-
icantly at all flexion angles for each kneeling condition (p < 0.05
for all angles) (Table I). The normalized lateral component of
the knee joint force decreased significantly at 90° with double-
stance and single-stance kneeling compared with the condition
without kneeling (p < 0.05) (Table II). There was a significant
decrease in normalized posterior force or a significant increase
in normalized anterior force at 90° of flexion with single-stance
kneeling and at 105°, 120°, and 135° of flexion for both double-
stance and single-stance kneeling (p < 0.05) (Table II). The
normalized compressive component of the knee joint-reaction
force increased significantly at 90° and 105°, and decreased
significantly at 135° of flexion for each kneeling condition (p <
0.05) (Table II).

TABLE | Resultant Knee Joint Reaction Force at Each Flexion

Angle and Kneeling Condition

Resultant Force* (N)

Knee Without Double-Stance Single-Stance
Flexion Kneeling Kneeling Kneeling
90° 169.6 (7.4) 377.9 (13.3)F 584.9 (24.5)t
105° 170.2 (4.5) 403.9 (20.1)F 608.4 (29.5)1
120° 176.9 (2.2) 412.2 (18.5)F 616.7 (12.4)1
135° 180.9 (4.4) 383.8(10.8)t 565.5 (15.7) T

*The values are given as the mean with the standard error in
parentheses. fCompared with the condition without kneeling,
the difference is significant (p < 0.05).
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TABLE Il Knee Joint Reaction Force Components as a Percentage of the Resultant Force for Each Flexion Angle and Kneeling Condition

Lateral Force as Percentage
of Resultant Force*

Posterior Force as Percentage
of Resultant Force*

Compression as Percentage
of Resultant Force*

Knee Without Double-Stance Single-Stance Without Double-Stance Single-Stance Without Double-Stance Single-Stance
Flexion  Kneeling Kneeling Kneeling Kneeling Kneeling Kneeling Kneeling Kneeling Kneeling
90° 7.2(2.1) 21(1.2)t 1.2 (1.0)t 17.6 (1.2) 16.2(1.0) 12.3(1.1)1 98.0(0.2) 98.6 (0.2)T 99.2 (0.1)t
105° 6.6 (2.1) 4.0(0.7) 3.1 (0.7) 18.9 (1.0) 3.1(2.7)t —-1.4(2.6)f 97.8(0.3) 99.6 (0.1) 99.7 (0.08)F
120° 6.5(1.8) 4.8 (1.0) 4.5 (0.8) 18.9 (1.6) —9.7(3.1)f —-17.0(2.3)f 97.8(0.4) 99.0(0.3) 98.2 (0.4)
135° 5.0(1.7) 6.0(0.8) 6.3(0.7) 14.2(2.0) —22.3(2.0)f —-29.4(1.9)f 98.6(0.3) 97.1(0.5)f 95.2(0.6)F

significant (p < 0.05).

*The values are given as the mean with the standard error in parentheses. tCompared with the condition without kneeling, the difference is

Significant changes in patellar tilt were found with kneel-
ing at 120° of flexion, where the patella tilted laterally a mean of
1.1° £ 0.4° (p = 0.02) and 1.0° + 0.4° (p = 0.03) with double-
stance and single-stance kneeling, respectively. The patellofe-
moral angle increased significantly at all flexion angles between
the condition without kneeling and the double-stance and
single-stance kneeling conditions (p < 0.05). There was also a
significant increase in the patellofemoral angle between single-
stance and double-stance kneeling at flexion angles of 90° (p =
0.001) and 105° (p = 0.01). The changes in patellotibial angle
were reciprocally related to changes in patellofemoral angle

(Fig. 5).

Discussion

O ur hypothesis that kneeling at higher flexion angles would
result in decreased forces on the total knee arthroplasty

components was proven since the present study showed that

kneeling at a higher flexion angle (135°) after total knee
arthroplasty has a smaller effect on patellofemoral joint contact
area and pressure than kneeling at lower flexion angles (<120°).
The patellofemoral contact patterns, areas, and pressures in our
study are consistent with those in previous studies”">. With the
knee at 90° of flexion, patellofemoral contact separated into
two regions close to the medial and lateral margins'™’. A
remarkable finding in this study was that double-stance kneel-
ing at a high flexion angle (135°) did not significantly increase
patellofemoral contact area or pressure. This lack of a signif-
icant increase in patellofemoral contact area and pressure is
most likely due to the fact that, when kneeling in high degrees of
flexion, the loading point is primarily on the tibial tubercle
and not the patella’. However, it is important to recognize that
the peak patellofemoral joint contact pressures observed in
this study for high knee flexion angles and kneeling exceeded
the yield strength of ultra-high molecular weight polyethylene,
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Fig. 5

Mean patellofemoral angle (and standard error) for each knee flexion angle and loading condition with the p

value for each comparison.
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which has been reported to be 14.4 MPa". This may have
implications with respect to increased polyethylene wear with
kneeling, which may be a limiting factor in the survival of total
knee arthroplasty components'". Our results for the changes
in patellofemoral and patellotibial angle with respect to knee
flexion angles are consistent with those in the study by Lee et al."’,
who stated that the primary predictor of patellofemoral and
patellotibial angles was the knee flexion angle. Other authors
have also shown that the mean patellar angle increases with knee
flexion for dome-shaped patellae”. With kneeling, a smaller
change in patellofemoral angle was observed at 135° of knee
flexion. This also supports the finding that there is less anterior
loading on the patella with kneeling at high flexion angles.

A limitation of the study was that it was performed with a
cruciate-substituting prosthesis from a single manufacturer;
other total knee arthroplasty systems may produce different
results. Additional limitations include the inability of this
experimental model to duplicate the native so-called screw-
home mechanism and to account for other muscular forces and
gait differences that may be experienced in vivo. Also, although
the muscle forces applied to the quadriceps were based on the
physiological muscle cross-sectional area ratios, the muscle forces
were not adjusted for different flexion angles and/or kneeling
condition. Finally, this model did not include hamstring mus-
cles, which would be important in evaluating the tibiofemoral

BIOMECHANICAL EFFECTS OF KNEELING AFTER
ToTAL KNEE ARTHROPLASTY

joint parameters; however, doing so would have a constant effect
on the patellofemoral joint parameters and would not change
the results for comparisons across kneeling conditions.

This study provides new information on the effects of
kneeling at high knee flexion angles following total knee
arthroplasty. The ability to kneel after total knee arthroplasty
remains a problem that compromises the success of the
procedure for some patients. With double-stance kneeling,
there was no significant increase in patellofemoral joint contact
area and pressure at 135° of flexion. These findings suggest that
if greater than 120° of knee range of motion can be achieved
following total knee arthroplasty, kneeling may be performed
with less risk than was previously believed to be the case. ®

Note: The implants used in this study were donated by Encore Medical.
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