Mechanism of improved knee flexion after rectus femoris transfer surgery
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Introduction
One of the most common gait problems in children with cerebral palsy is the inability to
appropriately flex the knee during the swing phase of walking, or “stiff-knee gait” [1,2].
Rectus femoris transfer surgery is frequently performed to treat stiff-knee gait in subjects with
cerebral palsy. In this surgery, the distal tendon is released from the patella and re-attached to
one of several sites, such as the sartorius or the iliotibial band. Surgical outcomes vary [3,4],
and the mechanisms by which the surgery improves knee flexion are unclear. It has been
suggested that transferring the rectus femoris converts the muscle from a knee extensor to a
knee flexor, thereby increasing knee flexion [5]. However, experimental studies have found
that the muscle produces a knee extension moment after surgery [6,7], possibly due to
scarring to underlying tissue [8]. The purpose of this study was to examine the mechanism by
which the rectus femoris transfer surgery increases knee flexion.
Clinical Significance
It is difficult to improve surgical outcomes because the mechanism by which knee flexion
increases in some patients is unknown. This study examines three types of transfer to clarify
the mechanism by which the transferred muscle improves knee flexion.
Methods
Muscle-driven simulations were created of ten children diagnosed with cerebral palsy and
stiff-knee gait. These simulations were altered to represent surgical transfers of the rectus
femoris to the sartorius (Fig. 1b) and the iliotibial band (Fig. 1c). Rectus femoris transfers in
which the muscle remained partially attached to the underlying vasti through scar tissue were
also simulated by reducing the muscle’s knee extension moment (Fig. 1d).

Figure 1. Illustration of rectus femoris in each musculoskeletal model with plots of moment arms at the
knee (averaged over 20 - 60 degrees of knee flexion) compared to experimental data [7,9].

Results
Simulated transfer to the sartorius, which completely converted the rectus femoris’ knee
extension moment to a flexion moment, produced 32° ± 8° improvement in peak knee flexion
on average (Fig. 2). Simulated transfer to the iliotibial band, which eliminated the muscle’s
knee extension moment but did not convert it to a flexion moment, predicted only slightly less
improvement in peak knee flexion (28° ± 8°). Scarred transfer simulations, which reduced the
muscle’s knee extension moment, predicted significantly less (p < 0.001, paired t-test)
improvement in peak knee flexion (14° ± 5°).

Figure 2. Increases (plus one standard deviation) in peak knee flexion averages over the ten subjects
for each of the simulated treatments.

Discussion
Simulated transfer to the sartorius, which converted the rectus femoris’ knee extension
moment to a flexion moment, predicted only 4° greater knee flexion improvement on average
than transfer to the iliotibial band, which eliminated the muscle’s knee extension moment.
Significant improvement in knee flexion was attained even when the extension moment of the
rectus femoris was reduced. These findings suggest that the primary mechanism for
improvement in knee flexion after surgery is reduction of the muscle’s knee extension
moment, rather than conversion to a knee flexion moment. Scarred transfer simulations
resulted in an average peak knee flexion improvement (14° ± 5°) comparable to the average
increase in knee flexion range of motion (13° ± 11°) in the subjects’ postoperative data.
Simulated non-scarred transfers to the iliotibial band and the sartorius predicted greater
improvements in knee flexion than the scarred transfer simulations, suggesting methods to
reduce scarring may further augment knee flexion.
References
1. Wren T, et al., 2005. J Ped Ortho 25, 79-83.
2. Sutherland D, Davids J, 1993. Clin Orth Rel Res 288, 139-147.
3. Miller F, et al., 1997. J Ped Ortho 17, 603-607.
4. Carney B, Oeffinger D, 2003. J Southern Ortho Assoc 12, 149-153.
5. Perry J, 1987. Dev Med Child Neur 29, 153-158.
6. Riewald S, Delp S, 1997. Dev Med Child Neur 39, 99-105.
7. Asakawa D, et al., 2002. J Biomech 35, 1029-1037
8. Asakawa D, et al., 2004. JBJS 86, 348-354.
9. Delp S, et al., 1994. J Biomech 27, 1201-1211.
Acknowledgements
We received valuable assistance from Allison Arnold, May Liu, and Darryl Thelen, and
funding from NSF, NIH R01 HD046814, and NIH U54 GM072970.

