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Background
: Rehabilitatio

n after anterior
cruciate ligament reconstru

ction is a key determinant affectin
g patient return

to usual

activity levels. Neuro
muscular elect

rical stimulation is a treatment that can
counteract st

rength loss and serve as an adjunct to

conventional
therapy.

Purpose: To compare the effect of adding traditional ne
uromuscular electrical stim

ulation (Polystim) or a novel garment-

integrated neuromuscular electr
ical stimulation (Kneehab) to

a standard postoperative
rehabilitation

program (control).

Study Design: Rand
omized controlled trial; Level of

evidence, 1.

Methods: Nine
ty-six patients, of a

total enrolled
cohort of 131

patients randomized to 1 of 3 intervention groups, com
pleted

a standard rehabilitation
program. In addition, the

2 neuromuscular electr
ical stimulation groups underwent 20-minute sessions

of neuromuscular electr
ical stimulation 3 times a day, 5 days a week, for 12 weeks, in which stimulation was superimposed on

isometric volitional con
tractions. Outcome measures including isokinetic strength of the knee extensors of the injured and unin-

jured leg at 90 and 180 deg/s, along
with functional tes

ts of propriocep
tion, were assessed at baseline and at 6 weeks, 12 weeks,

and 6 months postoperative
ly.

Results: The
Kneehab group achieved significantly better results

at each time point compared with the Polystim and control group
s

(P\ .001). Extenso
r strength of the Kneehab group at speeds of 90 and 180 deg/s increased by 30.2% and 27.8%, respectively

,

between the preoperative measurements and the 6-month follow-up point in the injured leg. The corresponding
changes for Polystim

were 5.1% and 5%, whereas for
the control group

they were 6.6% and 6.7%, respectively.
The mean single-legged

hop test hop score

of the Kneehab group improved by 50% between the 6-week and 6-month follow-up, wh
ereas the corresponding

changes for the

Polystim and control group
s were 26.3% and 26.2%, respectively.

Although there was no significant diff
erence between the groups

with respect to the Tegner score
and the International K

nee Documentation Committee 2000 knee examination score, the Kneehab

group showed a significant diff
erence in mean improvement for the baseline corrected Lysholm score compared with the control group

(P = .01; 95% confidence interval, 1.12-
8.59) and with the Polystim group (P\ .001; 95% confidence interval, 1.34-

9.09) with no sig-

nificant differe
nce evident betwe

en Polystim and control group
s (P = .97; 95% confidence interval, 24.23 to 3.51).

Conclusion:
Intensive garment-integrated

stimulation combined with standard rehabilitation
is effective at acceleratin

g recovery

after knee surgery.
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Neuromuscular electrical stimulation (NMES) can be

a beneficial su
pplement to traditional fo

rms of therapy in

the period after knee surgery. Previously, it has been

reported that after kn
ee joint replacem

ent, a patient group

who engaged in highly intensive activation of the quadri-

ceps muscle using electrical stimulation produced better

results for strength and muscle activation compared with

a control group.
29 Comparable studies conducted after

anterior cruciate ligament (ACL) recons
truction produced
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The study comprised three groups:

1	 Control	Group	(CO)	received	standard	
PT	therapy	

2	NMES	Group	(PS)	received	standard	
PT	therapy	+	standard	NMES	

3	Kneehab	Group	(KH)	received	standard	
PT	therapy	+	Kneehab	XP	

Compares the effects of  
adding NMES to a post-ACL  
repair rehabilitation program.

Standard	NMES Kneehab	XP



Study leveraged  
post-surgical protocol:

+	 An	accelerated	rehabilitation	protocol	
was	initiated	post-surgically	for	all	subjects

+	 The	two	NMES	groups
•	began	NMES	therapy	on	the	3rd	or	4th	
	 day	following	surgery

	 •	NMES	sessions	conducted	3	x	20-minute		
	 sessions	daily,	5	times	per	week	for	12	weeks

	 •	Subjects	were	instructed	to	perform	voluntary		
	 quadriceps	contractions	during	the	sessions

+	 The	control	group	was	instructed	to	
perform	quadriceps	contractions	on		
the	same	time	schedule

+	 Post-surgical	checks	were	conducted	
at	6,	12	and	24	weeks	



Objective & subjective measures 
were used to evaluate the  
subject’s progress.  
Measures were in alignment with 
rehabilitation therapy goals:

+	 Restore	ROM

+	 Increase	extensor	strength

+	 Enhance	functional	ability

+	 Reintegrate	in	to	every	day	activities



Kneehab restored knee extensor 
strength twice as fast as other 
treatment protocols:

+	 Measuring	90-45°	extension	range	of	
motion	at	90°/sec &	180°/sec

+	 Kneehab	restored	knee	extension	
strength	before	Week	12

+	 Standard	NMES	&	control	groups	not	to	
pre-operative	strength	until	Week	24

the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.
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the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.

–

–

–

– –

–

–

6 weeks 12 weeks 24 weeks

6 weeks 12 weeks 24 weeks

6 weeks 12 weeks 24 weeks 6 weeks 12 weeks 24 weeks

6 weeks 12 weeks 24 weeks

6 weeks 12 weeks 24 weeks

(a) (b)

(c) (d)

(e) (f)

Figure 3. Plots of mean baseline-corrected responses, by treatment group, by time of (a) isokinetic relative strength of the quad-
riceps at 90 deg/s, (b) isokinetic strength of the quadriceps side-to-side difference at 90 deg/s, (c) isokinetic relative strength of
the quadriceps at 180 deg/s, (d) isokinetic strength of the quadriceps side-to-side difference at 180 deg/s, (e) shuttle run, and
(f) single-legged hop injured side. CO, control; KH, Kneehab; PS, Polystim.

6 Feil et al The American Journal of Sports Medicine



Kneehab group returned  
to strength of unaffected  
leg within 12 weeks:

+	 Measuring	90-45°	extension	range	
of	motion	at	90°/sec	&	180°/sec

+	 Kneehab	group	at	equal	strength	by	Week	12

+	 Standard	NMES	&	control	groups	do	not	
reach	equal	strength

the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.
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the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.
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Kneehab group returned to 
pre-operative levels twice  
as fast as other two groups:

+	 The	Kneehab	group	attained	pre-operative	
speed	in	the	shuttle	run	by	Week	6	whereas	
the	other	groups	did	not	attain	pre-operative	
speed	until	Week	12	or	later.

+	 The	Kneehab	group	also	attained	pre-operative	
distance	shortly	after	Week	6	in	the	one-leg		
hop	test,	twice	as	fast	as	the	other	groups.
the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.
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the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.
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the other treatments. The mean improvement appears
additive as the difference between the groups is compara-
ble at each level of time. Note that for some responses,
for example the shuttle run, improvement is represented
by a negative trend.

On the basis of the models fitted, there was convincing
evidence (P \ .001 in all cases) of a significant treatment
and time effect, with no treatment-by-time interaction,
for all responses; that is, the mean effect of treatment
was the same across time. Interval estimates of the differ-
ence in the mean baseline-adjusted response are given for
all treatment pairwise comparisons identified as signifi-
cant (Table 4). Where the confidence interval for the differ-
ence does not include 0, it follows that the difference is
significant at the P\ .05 level. The results of the multiple
comparisons are reflective of an improvement in the KH
group for all (baseline-adjusted) responses, as nearly all
comparisons involving this treatment with the other 2
were significant (Table 4). Expressed in terms of percent-
age change compared with preoperative values, the exten-
sor strength gain of the KH group at speeds of 90 and 180

deg/s increased by 30.2% and 27.8%, respectively. The cor-
responding changes for PS were 5.1% and 5%, whereas for
the CO they were 6.6% and 6.7%, respectively. The mean
single-legged hop test score of the KH group improved by
50% between the 6-week and 6-month follow-up visits,
whereas the corresponding changes for the PS and CO
groups were 26.3% and 26.2%, respectively.

An intention-to-treat analysis was performed to com-
pare the estimated treatment effect (pairwise comparison
between KH and CO group only), using imputing values
for all missing data, with the results obtained when ana-
lyzing the data while removing subjects with missing
data. The estimated coefficients (mean differences), SEs,
and P values, using the Barnard-Rubin adjustment
method,3 for the KH to CO comparison from the original
and imputed analyses were compared for each of the pri-
mary and secondary responses. In each and every case,
the inference relating to treatment effect was unchanged
between the actual and imputation model, providing evi-
dence that the missing data have no influence on the over-
all results.
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Difference in test performance 
between standard NMES &  
the Control group was not 
significant in any test measure:

+	 Difference	between	Kneehab	&	other	
interventions	was	significant/better	in		
every	test	measure	P	<	0.05



Kneehab group showed 
higher compliance along  
with a faster return to work:

+	 Patient	diaries	showed	a	higher	rate	of	compliance	
with	Kneehab	than	with	standard	NMES

+	 Diaries	also	showed	that	the	Kneehab	group	
returned	to	work	a	full	week	faster	than	the		
other	groups.	Return	to	week	time:

	 •	Control	group:		3.67	weeks

	 •	NMES	group:		3.88	weeks

	 •	Kneehab	group:		2.7	weeks
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