
Adaptive loading strategies that reduce knee extensor moments during gait may be a 
necessary consequence of joint impairments, such as post-operative pain, swelling, 
quadriceps strengths deficits and decreased range of motion during early recovery 
following anterior cruciate ligament reconstruction (ACLr) [1]. The repetitive nature 
of gait provides a powerful stimulus for the daily reinforcement of these strategies that 
can result in the long-term adoption of this new loading pattern. While normalization 
of gait by 8-12 weeks post-ACLr is a primary goal of early rehabilitation, between limb 
asymmetries in knee extensor moment can persist 6-24 months later [2]. This suggests 
that current rehabilitation protocols are not effective at restoring loading mechanics. 
The long-term persistence of these deficits is concerning as they have been attributed 
to the progression of knee osteoarthritis in this population [3]. 

A previous study examining a 6-week gait training program focused on cadence 
manipulation in individuals 6-weeks post-ACLR showed promising results [4]. While 
Decker and colleagues reported moderate improvements in knee loading following 
training, individuals were not monitored and training stimulus was not progressed 
throughout the program. The purpose of this study was to assess the influence of 
subject-specific cadence gait training program that is reassessed and progressed weekly 
during early rehabilitation on knee loading mechanics following ACLr.

INTRODUCTION

METHODS

RESULTS AND DISCUSSION

Consistent with previous findings [4], these pilot data show promising results for 
cadence training as a gait intervention following ACLr. While all limbs in both groups 
improved in range of motion and moment with time, the largest improvements were 
seen in the surgical limb of the cadence group. Knee range of motion increased over 
time, but differences between limbs remained and there was no effect of cadence 
training. Compared to standard physical thearpy, the cadence intervention appeared to 
result in improvements in sagittal plane knee loading, but there was only a trend toward 
a significant interaction. Future studies should increase sample size and continue to 
explore the effects of cadence training in this population.  

Subjects

Cadence Training Program
 • In addition to standard physical therapy, participants were instructed to walk by 
  matching foot contact to the beat of a metronome at least 3x/week for 20 minutes.
 • Training cadence was progressed as described in Table 2. 
 • Matched controls received standard physical therapy.

Instrumentation
 • Kinematics: 11 camera motion capture system (Qualisys Inc., Sweden), 250 Hz 
  or 14 camera motion capture system (BTS Bioengineering Corp., Italy), 340 Hz
 • Ground Reaction Forces: AMTI (USA) force platforms, 1500 Hz or BTS (Italy) 
  force platforms, 1360 Hz
Procedures
 • Subjects performed 3 walking trials along a 7m walkway at self-selected speed.
Data Analysis
 • Gait velocity (5 meters); Timing gates (Brower Timing, Draper, UT, USA)
 • Three-dimensional kinematics 
   - 6 degree-of-freedom model
   - Visual3D™ (C-Motion Inc., Rockville, MD, USA)
 • Net joint moments
   - Standard inverse dynamic equations
   - Internal moments normalized to body weight
 • Three walking trials per limb were averaged for each subject.
 • Data analyzed during loading response phase of gait (IC to pk knee flexion) 
 • Dependent variables
   - Knee range of motion (IC to peak knee flexion; kROM)
   - Peak knee extensor moment (kEXT)
Statistical Analysis
 • kROM and kEXT: Three-way repeated measures ANOVAs (group x time x limb)
 • Gait velocity and cadence: Repeated measures ANOVA (two-way; group x time)
 • Post-hoc testing: repeated measures ANOVA (two-way; time x limb), paired 
  sample t-tests (time; limb)
 • Significance level α ≤0.05 

CONCLUSION
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Table 1: Subject characteristics

Average ± SD

Spatiotemporal Characteristics - Gait Velocity & Cadence 
Gait velocity and cadence were not influenced by training. 
 • No significant group x time interaction for velocity (p=0.152) or cadence (p=0.227) 
  was found.
 • Self-selected gait velocity and cadence increased from T1 and T2 23% and 10%, 
  respectively. 
   - Main effect of time for both gait velocity (p<0.001) and cadence (p<0.001). 
 • Group differences were noted in cadence. When collapsed across time, 
  self-selected cadence in the training group was 6 steps per minute greater than the 
  control group. 
   - Main effect of group was also observed in cadence (p=0.003).

Table 2: Time table for cadence training program 

Figure 2: Knee extensor moment for cadence 
group (a) and control group (b); *p<0.05.

Figure 1: Knee range of motion for all 
subjects collapsed across group and limb 
(a) and across group and time (b).

 •  No main effect of group (p=0.136) or 
  significant group x time x limb interaction 
  (p=0.412) were noted.
 • On average across groups and time , the 
  surgical limb exhibited 5 degrees less 
  kROM than the non-surgical limb. 
   - Main effect of limb (p<0.001)
 • Small increases in kROM (1.5 ± 0.18 deg) 
     were observed in both limbs from T1 to T2. 
   - Main effect of time (p=0.044).  

 • A trend toward a significant group x time 
  x limb interaction was observed (p=0.092). 
 • No main effect of group was found 
  (p=0.229). 
 • When collapsed across group and time, the 
  surgical limb exhibited, on average, 28% 
  smaller kEXT than the non-surgical limb.
   - Main effect of limb (p=0.003)
 • kEXT increased 53% in both limbs from 
  T1 to T2.
   - Main effect of time (p=0.002)

Post-hoc Analyses:
 -  In the cadence group, the time x limb interaction (p=0.05) was driven by a 
  131% increase in kEXT in the surgical limb versus a 42% increase in the 
  non-surgical limb between T1 and T2.
 - No significant time x limb interaction was found in the control group (p=0.88).

Kinetics - Peak Knee Extensor Moment (Figure 2)
Knee extensor moment during loading response increased over time. Greater 
improvement in the surgical compared to non-surgical limb in the cadence group
suggests training may have an effect on knee loading.

Figure 2: Knee extensor moment for cadence 
group (a) and control group (b); *p<0.05.

Kinematics - Knee Range of Motion (Figure 1) 
Knee flexion during loading response was not influenced by training.


