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NO DIFFERENCE IN MUSCLE STRENGTH AND FUNCTIONAL
PERFORMANCE IN MIDDLE-AGED INDIVIDUALS WITH KNEE OR
HIP PAIN UNDERGOING 8 WEEKS OF NEUROMUSCULAR EXERCISE
THERAPY OR RESISTANCE TRAINING

L. Fleng Sandal, J. Bloch Thorlund, E.M. Roos. Univ. of Southern Denmark,
Odense M, Denmark

Purpose: Functional impairment is common in patients with knee or
hip osteoarthritis. Exercise is a recommended treatment as it relieves
pain and improves function in this population. However, there is no
clear recommendation regarding type of exercise and systematic
reviews have found no difference in improvement in self-reported
function between exercise types. This study aimed to investigate the
effect of neuromuscular exercise therapy vs. resistance training on
functional performance and muscle strength for middle-aged individ-
uals with knee or hip pain.
Methods: Ancillary data from a randomised controlled trial. Inclusion
criteria: at least 35 years, persistent knee or hip pain for more than 3
months. Participants were recruited from primary care and via adver-
tisements and randomised 4:1 to 8 weeks of neuromuscular exercise
therapy or resistance training. The neuromuscular exercise program
(NEMEX) was supervised and performed as group-based exercise for 1 h
twice weekly. It focuses on postural function, core strength and high
movement quality during functional tasks. The resistance training (RT)
program was progressively loaded, performed in 3 sets, 10e12 repeti-
tions with 12 RM load in 8 exercise machines. The RT program was
introduced individually but performed unsupervised as group-based
exercise for 1 hour twice weekly.
Maximal isometric muscle strength and functional performance was
evaluated before and after 8 weeks of exercise. Knee extension and hip
abduction strength was evaluated as torque normalised to bodyweight
(i.e., Nm/kg) using dynamometry (Powertrack Commander Echo).
Functional performance tests included a one leg hop for distance, where
participants stood on one leg with their hands behind their back and
hopped as long as possible landing balanced on one leg, and a knee
bending test, where participants stood on one leg performing a 30�
knee flexion as many times as possible during 30 sec.
Change in muscle strength and no. of knee bends was analysed using
unpaired t-tests, change in hop test was analysed using ManeWhitney
test. Only data from participant’s index leg was used.
Results: 103 participantswere included (age 59.1± 9.88 years (SD), 65 had
knee problems, 63 were female), 82 performed NEMEX, 21 performed RT.
Data are given in Table. Both groups had clinically relevant improvements
in isometric strength and functional performance. Bothgroups improved in
isometric knee extension strength, while the RT group had larger
improvement inhipabduction strength (0.19vs. 0.09Nm/kg), thebetween-
group differences were not significant. While the NEMEX group improved
more in one-leg hop (4.79 vs.1.75 cm) and the RTgroup improvedmore in
number of knee bendings during 30 seconds (4.11 vs. 1.6), no between-
group differences in improvements were significant (Table 1).
Conclusions: While both exercise programs resulted in clinically rele-
vant improvements in isometric strength and functional performance,
no significant between-group differences were observed. Neuro-
muscular exercise therapy and resistance training are equally good at
improving isometric strength and functional performance at 8 weeks.
Table 1. Baseline and change over 8 weeks, neuromuscular exercise (NEMEX), resistance training (RT)

Table 1 Baseline (95% CI) Change from baseline to 8 weeks (95% CI) Group difference p-value

NEMEX (n ¼ 80) RT (n ¼ 20) NEMEX (n ¼ 70e73) RT (n ¼ 16e17)
Knee extension, (Nm*kg�1) 1.30 (1.18e1.42) 1.22 (0.97e1.46) 0.06 (�0.01e0.14) 0.08 (�0.07e0.22) �0.01 (�0.18e0.15) 0.885
Hip abduction, (Nm*kg�1) 0.91 (0.81e1.00) 0.86 (0.70e1.03) 0.09 (0.04e0.15) 0.19 (0.03e0.35) �0.10 (0.24e0.04) 0.173
OLHD, (cm) 35.3 (28.6e42.1) 40.1 (27.0e53.1) 4.79 (1.87e7.72) 1.75 (�2.51e6.01) 3.04 (�3.36e9.44) 0.544
Knee bends/30 sec., (no) 19.9 (18.1e21.8) 21.8 (17.5e26.1) 1.6 (�0.03e3.22) 4.11 (1.08e7.15) �2.52 (�6.10e1.06) 0.166
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EFFECTS OF GAIT RETRAINING WITH REAL-TIME BIOFEEDBACK IN
PATIENTS WITH KNEE OSTEOARTHRITIS: SYSTEMATIC REVIEW AND
META-ANALYSIS

R. Richards, J. van den Noort, J. Dekker, J. Harlaar. VUmc, Amsterdam,
Netherlands

Purpose: Use of real time biofeedback during gait retraining has been
shown to be an effective form of therapy in stroke patients and other
neurological conditions, such as Parkinson’s disease. In recent years, there
has been increasing use of biofeedback for gait retraining in orthopedic
conditions, with a particular focus on knee osteoarthritis. The aim of our
systematic review was to investigate the effects of real-time biofeedback
when used during gait retraining in knee osteoarthritis (KOA) patients.
The review was focussed specifically on effects on the knee adduction
moment (KAM) and patient reported outcome measures, in particular
pain and activity limitations. KAM is regarded to be a suitable surrogate
measure of the medial knee joint loading, an important parameter in the
progression of knee osteoarthritis in this group.
Methods: Searches were conducted in MEDLINE, EMBASE, CINAHL,
SportDiscus, Web of Science and the Cochrane Register for Controlled
Trials from inception to May 2015 for gait plus synonyms and feedback
plus synonyms and knee osteoarthritis plus synonyms. Titles and
abstracts were screened by one reviewer for studies featuring bio-
feedback interventions for reducing KAM or improving pain and activity
limitations in KOA patients. Studies featuring healthy controls were also
included where the feedback under evaluation was being developed
with the aim of using it in KOA patients, since we considered that these
papers could contain important information about implementation of
such feedback programs. Risk of bias was assessed using the Downs and
Black checklist by two independent reviewers. Data were extracted
from each paper according to predefined criteria. Finally meta-analyses
were undertaken for changes in KAM in KOA patients and healthy
controls and for changes in pain and function in KOA patients.
Results: The electronic search strategy resulted in a total of 190
potentially eligible studies. One additional paper was found through
other methods. After screening by title and abstract, 30 full papers were
found to be potentially eligible and were retrieved for full review. After
assessment by two independent reviewers, 12 papers meeting all of the
predefined criteria remained. Except for one randomized controlled
trial, all papers included used an uncontrolled within-group design. All
studies included in this review reported a reduction in KAM as a result
of biofeedback training, although this was not significant at the level of
the meta-analysis in the case of KOA patients. Meta-analyses for
reduction of KAM in non-pathological subjects revealed moderate to
strong evidence for biofeedback in reducing KAM with a within-group
weighted mean difference (WMD) of 0.79BWHt (95% CI 0.48e1.09
BWHt), compared to 0.31BWHt (95% CI �0.15e0.77BWHt) for patients
with KOA. Regarding reduction in pain and improvement in function (in
patients only), the evidence was stronger with standardised mean dif-
ferences of 0.67 (95% CI 0.28e1.06) and 0.56 (95% CI 0.18e0.95)
respectively. Regarding the methods used for implementation of the
biofeedback in the studies, most studies used visual feedback although
the presentation differed between studies. Feedback on the KAM was
used relatively infrequently, with most studies providing feedback on a
gait parameter assumed to influence the KAM; in most cases the foot
progression angle.
Conclusions: The meta-analysis showed a large effect of biofeedback
gait training on KAM in healthy controls, while also showing that a
similar effect may be more difficult to achieve in KOA patients. Impor-
tantly, the meta-analyses provided good evidence to support the use of
biofeedback training for reduction in pain and improvement in function
in KOA patients. Due to limited between-group comparisons, all meta-
analyses were based on within-group comparisons. There were insuf-
ficient studies found to draw conclusions about the optimum pre-
sentation or implementation of the biofeedback. Despite the limitations
in the current studies, large improvements in KAM noted in healthy
controls, and improvements in patient reported outcome measures,
suggest that there is value in exploring further the use of biofeedback
training in patients with KOA. Further studies with larger cohorts (of
patients rather than healthy subjects), long term follow-up and full
randomization between control and feedback groups are required to
corroborate the findings reported here.
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