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Abstract-This study was conducted to evaluate a newly 
designed functional neuromuscular stimulation (FNS)-induced 
knee extension (KE) exercise system that incorporates the most 
desired features of previously described systems by determin- 
ing the musculoskeletal responses of spinal cord injured (SCI) 
individ~tals to training. A specially designed chair and electri- 
cal stimulator were fabricated for FNS-induced KE resistance 
exercise. Surface electrodes were placed over motor points of 
the quadriceps muscles, and KE was alternated between legs at 
an average rate of 6 KEJminIleg. KE testing protocols were 
developed for pre- and post-training evaluations of performance, 
and 12 SCI subjects exercise-trained up to three times per week 
for 36 sessions using a progressive resistance load at ankle 
level. Pre- and post-training evaluation data were statistically 
compared using a 0.05 level for significance. Quadriceps mus- 
cle pellformance (strength X repetitions) improved for both legs 
in all subjects as indicated by significant increases in load 
resistance and repetitions over the 36-session training period 
(right leg %= 1156.0 versus 1624.8 kg.reps, left leg %= 1127.3 ver- 
sus 1721.1 kgereps). In addition, knee range of motion signifi- 
cantly increased (right leg %= 134 versus 146 degrees, left leg 
?= 133 versus 144 degrees). Thigh skinfold, thigh girth, body 
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weight and bone density were not significantly changed. The 
lack of decrease in bone density in some subjects suggests that 
the training may retard the rate of bone loss which typically 
occurs with SCI. No injuries or problems were encountered dur- 
ing testing and training. Therefore, this newly-designed FNS- 
KE exercise appears to be safe, easy to use, and effective for 
all subjects who participated in the study. The protocol devel- 
oped for this form of FNS training of the quadriceps may be 
used to increase the integrity of muscles paralyzed due to SCI. 
In addition, the enhanced muscle petfomnce reserve may better 
enable the SCI individual to accomplish more complex FNS tasks 
with less fatigue. 

Key words: functional neuromuscular stimulation (FNS), knee 
extension exercise, muscle performance, paralyzed quadriceps 
muscle, spinal cord injury (SCI), therapeutic exercise. 

INTRODUCTION 

Although traditional therapeutic exercise for spinal 
cord injured (SCI) individuals has primarily centered upon 
upper extremity resistance training to improve muscle 
strength and endurance (2,15), functional neuromuscular 
stimulation (FNS) of paralyzed lower extremity muscles 
has been increasingly used in the rehabilitation process 
(9,10,13,18,19,20,22). Improved strength and endurance of 
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Table 1. 
Description of subjects. 

- 

Sex Age TSX Height Weight TRsion 
(yr) oir) (cm) 0%) 

female 19 0.8 160 48 C j  incomplete 

male 22 0.7 185 72 Ti0 incomplete 

male 28 5.0 174 62 C j  complete 

male 33 1.7 172 61 C6 incomplete 

male 34 15.4 183 70 e 6  complete 

male 37 4.7 177 75 C4 incomplete 

female 38 4.1 170 68 TI  complete 

female 41 1.6 173 77 Cg incomplete 

male 4 1 15.3 170 80 C7 incomplete 

male 48 2.4 170 54 T6 complete 

male 56 7.7 188 84 C7 complete 

male 63 17.0 175 67 T j  incomplete 

x 38.3 6.4 174.7 68.1 
+SD & 12.9 & 6.1 & 7.7 & 10.7 

paralyzed quadriceps muscles have been reported by vari- 
ous research groups using FFNS knee extension (KE) exer- 
cise (5,7,11,21). However, the instmmentation used for these 
studies was quite diverse with respect to the FNS control 
technique, the method of resisance application, and the 
timinglpatterns of the contractions. Each of the FNS-KE 
systems described in the literature had advantages and dis- 
advantages in their design strategies and each may produce 
somewhat different training results. Therefore, if FNS-KE 
exercies is to be made widely available for clinical and 
home use, the best feature of each of the previous designs 
need to be incorporated in the instrumentation. In addi- 
tion to utilizing different types of instmmentation, previ- 
ous studies implemented different training protocols, 
methods of evaluation, and durations of training (4 to 30 
weeks). The variety of methods used in these studies makes 
assessment of the effectiveness of FNS-KE training difficult 
to interpret. Therefore, there is a need to develop more 
shndardized protocols and evaluation procedures to bet- 
ter document FNS-KE training responses, as well as to 
develop an optimal equipment design so that the FNS-KE 
exercise can be performed in a safe, effective, convenient, 
and inexpensive manner. 

In the present work, the positive aspects of previous 
instrumentation and protocols have been incorporated to 

produce a composik FNS-rn system which dleviaks most 
identified inadequacies. These features have been discussed 
in Ezenwa, et aE. (3). Acute physiologic responses using 
this system have also been reporled (6). The purpose of 
the current study was to further evaluate this FNS-KE 
system and a training protocol by determining the mus- 
culoskeletal effects of this exercise mode for SCli individu- 
als. (See Appendix for s u m a r y  of abbreviations.) 

METHODS 

Subjects 
SCI individuals were recmikd from the Dayton, Ohio 

area for this study. All participants signed satements of 
informed consent approved by the Wright State Univer- 
sity Institutional Review Board prior to their involvement 
in the research. Exknsive medical sc ree~ng  was perfomed 
for each subject in order to identi@ any contraindications 
to participation in FNS exercise. These medical evalua- 
tions included blood analysis, urinalysis, psychological and 
neurological testing, and X-rays of lower extremities and 
chest. In addition, a dehiled medical history and physical 

nation were conducted by a cardiologist for each par- 
ticipant. Only those with medical clearance were allowed 
to participate in the study. Contraindications to partici- 
pation in FNS exercise included lower motoneuron involve- 
ment, previous lower extremity fracture, medical and/ 
or psychological instability, and intolerance to electrical 
stimulation. 

Twelve SCT individuals qualified as subjects for this 
study. Included in this group were eight quadriplegics (three 
neurologically complete), and four paraplegics (two neu- 
rologically complete). Subject characteristics are given in 
Table 1. All subjects were asked to maintain their pretrain- 
ing general activity levels while participating in the study. 
One subject (34-year-old male, 16 years post c6 complete 
SCI) had previously been involved with FNS research 
projects (FES leg cycle ergometry) prior to this study. For 
safety reasons, the medication schedules of the subjects 
were not altered during this study. Seven of the 12 sub- 
jects took antispasticity medications (Valium, Lioresal, 
Ditropan, or Dantrium) during the training period. Other 
medications were not related to musculoskeletal function. 

FNS-I(E instrumenhlion 
The chair and electrical stimulator system used to 

induce FNS-KE exercise includes unique instmmentation 
features which have been previously described in detail 
(3,4). In summary, this system enabled asynchronous lefi- 
right KE exercise through approximately 70 degrees at a 
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rate of approximately 6 KEIminlleg. External resistance 
was applied via load weights placed upon the lever arms 
at ankle level. The stimulation current was automatically 
ramped up and down to allow safe and smooth concentric 
and eccentric contractions. A knee angle-feedback system, 
incorporating potentiometer and microswitch sensors in the 
lever arms, ensured appropriate range of KE motion. In 
addition, threshold current and stimulation output current 
ramp parameters were continuously adapted (with each 
contraction) to maintain appropriate range of KE motion 
as fatigue occurred. Knee joint hyperextension, which can 
occur with spasticity, can be detected with this system and 
would initiate a reduction of stimulation current. The chair 
back was fixed to maintain a hip angle of approximately 
110 degrees. This hip angle reduced stretching of the ham- 
string muscles, thereby minimizing resistance to knee 
extension from spastic or tight hamstrings. Strap stabili- 
zation at the hips, knees, and ankles was used to maintain 
joint alignment during exercise. 

Musculoskeletal evaluations 
Pre- and post-training musculoskeletal evaluations 

included passive knee range of motion (ROM), thigh skin- 
fold thickness, thigh girth, body weight, and maximum 
KE load resistance capability. Trabecular bone density was 
measured at the distal end of the tibia using a specialized 
quantitative computed tomography technique which has 
been previously described (12). Passive knee range of 
motion was measured with the subject in the prone posi- 
tion using a standard goniometer. Thigh skinfold thick- 
nesses and girths were measured with the subject in the 
supine position. Thigh skinfold was measured using Lange 
skinfold calipers at the anterior mid-thigh level. Thigh 
girths were measured at proximal, middle, and distal thirds 
of the thigh length using a flexible tape measure. Body 
weight was measured using an electronic scale which 
accommodated wheelchairs. 

Each subject was evaluated prior to training using a 
continuous, progressive intensity KE exercise protocol to 
determine a "maximum" KE resistance load with which 
to begin training. For this test, KE exercise was performed 
for five repetitions at each of several loads, starting with 
zero load and progressing in 0.5-kg increments to a maxi- 
mum of 15.0 kg. The quadriceps muscles were considered 
fatigued when the KE failed to reach 50 percent of the 70 
degree target angle. Since the disuse osteoporosis which 
accompanies SCI may markedly decrease bone strength, 
the maximal load was limited to 15.0 kg (8,11). After the 
training regimen, this test was repeated (post-test) to 
determine changes in muscle load resistance capability. 

-- 50% Load 1 

Number of 

Repetitions 

I 
Load 1 Load 1 

-- 

Passive FNS Rest FNS Rest 

stretch KE 5 min KE 5 min 

Figure 1. 
Diagram showing the progression of activities for FNS-KE exercise 
training. The overall time of each training session varied depending 
upon how rapidly the subject's quadriceps muscles fatigued. 

Training protocol 
Each subject trained for a total of 36 sessions (approx- 

imately 3 times weekly for 12 weeks) using the progres- 
sive intensity protocol which is diagramed in Figure 1. 
Each leg was passively stretched (passive KE) for 10 repe- 
titions prior to all training. For the initial session, a load 
equal to one-fourth of the maximum level achieved dur- 
ing pre-testing was used for two sets of 30 repetitions of 
FNS-KE separated by a 5-min rest. After another 5-min 
rest, the load was reduced by one-half, and the exercise 
continued for 60 repetitions or to fatigue. When the sub- 
ject was able to complete three consecutive sessions of this 
protocol, the load resistance was increased by 0.5 kg for 
the subsequent session. This progression was continued 
to a maximum 15.0 kg load. 

Data analysis 
Quadn'ceps muscle peq6ormance (QMP) for individual 

training sessions was calculated as the number of KE repe- 
titions times the total load (5). The "total load" (for all 
three exercise bouts) was calculated as the sum of the lever 
arm weight, the estimated lower leg weight (I), and any 
additional externally applied load. This total load does not 
attempt to account for resistance encountered from fric- 
tion within the weight arm, or for moment arm changes 
which occur with changing knee angle. Hamstring tight- 
ness or spasticity resistances were minimized by positioning 
each subject in the exercise chair with a hip angle of 
approximately 110 degrees. The change in QMP was used 
as a muscle performance index of strength and endurance 
improvement (QMP index). 
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Pre- and post-training evaluations of maximum load, 
QMP, thigh skinfold thickness, thigh girth, body weight, \ ~ L s (  I F  

bone density and passive knee range of motion were com- ,,[ ORI\lA1( I 
pared using dependent t- tests. Leg (lefttright) differences 
were compared for load, QMP, thigh skinfold, thigh girth, 
and knee range of motion using independent t- tests. The 
5 percent significance level was used in all statistical 
hypothesis testing. 

DAYS OF TRAlNING 

Although the intended training regimen was 3 times 
per week during a 12-week period, the actual total time 
for training varied from 12 to over 18 weeks (82 to 131 days). 
Average attendance rate was 2.5 sessions per week (36 ses- 
sions/ 14.2 weeks). Two subjects who completed the training 
did not complete both pre- and post-training tests, but their 
load resistance progressions were reported for the 36- 
session training period. QMP for each leg of all subjects 
increased significantly over the training period (right ?= 
1156.0 versus 1624.8 kg-reps, left ? = 1127.3 versus 1721.1 
kgmreps). Comparison of right and left legs showed no sig- 
nificant difference in QMP. 

The QMP progression over the 36-session training 
period for the left leg of selected subjects is shown in 
Ii'igures 2a, 2b, and 2c. The relative change in QMP (post- 
minus pre-training levels) was generally higher for sub- 
jects with more recent injuries, as illustrated in an SCI 
individual who was 1.6 years postinjury (Figure 2a). 
However, even those with long-term SCI also improved 
their QMP, as seen in an SCI individual who was 17 years 
postinjury (Figure 2b). Four subjects exhibited a ceiling 
effect imposed by the protocol and safety precautions, as 
illustrated in Figure 2c. These individuals were strong 
enough to progress at the fastest rate allowed by the pro- 

911 IliO 

DAYS OF TKAIWI1G 

Figure 2A. 
Quadriceps muscle performance (QMP) score during FNS-KE exer- 
cise showing the progress of a 41-year-oid female subject with a recent 
incomplete SCI (1.6 yr post-SCI) at the C5 level. 

Figure 2B. 
Quadriceps muscle performance (QMP) score during FNS-KE exercise 
showing the progress of a 41-year-old male subject who demonstrated 
QMP increases despite a long-term incomplete SCI (15.3 yr post-SCI) 
at the C7 level, 

500 

0 
0 10 20 30 40 50 60 70 80 YO 10I1 

DAYS OF TRAINING 

E'igure 2C. 
Quadriceps muscle performance (QMP) score during FNS-KE exer- 
cise showing the progress of a 48-year-old male subject (2.4 yrs post- 
SCI, T6 level, complete SCI) who achieved the maximum QMP 
progression allowed by the training protocol, which was probably less 
than full capability. 

Table 2. 
Pre- and post-FNS KE training evaluation data. 

N Left Leg Right Leg 
Pre Post & Post - 

QMP (kgereps) 12 1127.3 1721.1" 1156.0 1624.8* 
k431.4 2457.2 k482.3 k591.5 

Maximum load 10 5.8 11.3* 6.1 11.4" 
resistance (kg) k2.6 k3 .2  k2 .3  ~ 3 . 4  

Thigh skinfold 5 24.7 17.6 23.4 17.4 
thickness (mm) + 13.5 ~ 7 . 1  + 13.1 + 7.2 

Thigh girth 10 48.2 46.8 48.6 46.7 
( 4  +6.5 k5 .3  k7 .1  k5 .3  

Knee ROM 8 132.5 143.8* 133.5 145.8* 
(deg) 17.3 + 13.2 + 16.9 + 11.7 

Means and standard deviations are shown. 
Asterisk indicates significance at the .05 level. 
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Figure 3. 
0 Quadriceps muscle performance (QMP) index 

0 5 10 20 
versus time since SCI for all 12 subjects, with 

15 25 
the four subjects who demonstrated a "ceiling 

Time Since Injury (yrs) effect" circled. 

tocol. As a result, the recorded change in QMP for these 
individuals was low relative to the other subjects, and most 
likely lower than their true capability. Figure 3 shows left 
QMP index plotted against time-since-injury for all sub- 
jects with the four stronger subjects circled. Three of these 
subjects were incomplete injuries, and all achieved the 
maximum increase allowed by the protocol. They would 
probably have continued to increase if the training period 
had been extended. 

Mean body weight decreased following training (% = 
67.6 versus 66.9 kg), but not significantly. Additional pre- 
and post-training evaluation data are shown in Table 2. 
Maximum load resistance and passive knee ROM were sig- 
nificantly higher following training for both legs. Although 
those subjects who could be measured (n=5) showed a con- 
sistent decrease in thigh skinfold thickness after training, 

'Tibia1 

'fi.abecular 

Bone 

Iknsity 

(g/cnr3 

Time Since Injury (yrs) 

Figure 4A. 
Pre- and post-training measurements of tibial trabecular bone (TBD) 
for nine of the 12 SCI subjects. The measurements are sequenced from 
shortest to longest time since injury. 

TIME: SINCE 1N.IUKY [yr] 

Figure 4B. 
Plot showing the tibiat trabecular bone density (TBD) versus time since 
SCI for a cross-section of 40 subjects before training. 

the measurements were not significantly different. Thigh 
girths decreased, but were not significantly altered by FNS- 
KE training for either leg. 

Pre- and post-training tibial bone density (TBD) meas- 
uremellts were obtained for nine of the subjects (three 
paraplegics, six quadriplegics). Pre- a ld  post-training TBD 
measurements for each subject sequenced by time-since- 
SCI are shown in Figure 4a. The rate of bone loss (post- 
minus pre-training TBD divided by training time) ranged 
from 0.0003 to 0.1379 g / ~ r n ~ / ~ r  (%= 0.0317 1: 0.0506). For 
comparison purposes, a plot of TBD versus time-since- 
injury for a cross-section of 40 SCI subjects is shown in 
Figure 4b. Using the regression equation derived from 
these data, the "expected" TBD relative to the time-since- 
injury of the individual and the expected rate of bone loss 



Journal of Rehabilitation Research and Development Vol. 28 No. 4 Fall 1991 

can be calculated. Seven of the nine subjects had greater 
TBD than that predicted, and eight subjects experienced 
a bone loss rate which was lower than predicted. The 
youngest (19 years old) and most recently injured subject 
(0.8 years post-SCI) was the only one who demonstrated 
a bone loss rate higher than what was predicted. 

DISCUSSION 

The rationale for the training protocol used included 
the following concepts. Since weights can be added to the 
lever arms of the KE chair to provide progressive resistance 
exercise, the principle of "overload" can be followed for 
quadriceps strengthening (16). The protocol was designed 
to include both strength and endurance training principles. 
If the resistance is maintained at a low level and the repe- 
titions are high, the activity promotes endurance more than 
strength training. The specific protocol used provided effec- 
tive concentric and eccentric conditioning against gravity 
and against progressive external load resistance. 

Based on the results of this study, the exercise proto- 
cols and instrumentation were found to provide several 
benefits for the SCI individual. Increases in QMP (a 
measurement which includes both strength and endurance 
improvements) appear to reflect the effectiveness of the 
training protocol. Attendance of less than three times per 
week also did not appear to reduce training effects, since 
all subjects improved their QMP regardless of their atten- 
dance frequency. The testing and training protocols devel- 
oped for this study appear to be safe and effective, and 
QMP increased markedly in those SCI subjects whose 
paralyzed muscles respond to FNS, especially those more 
recently injured. Findings indicate that the FNS-KE exer- 
cise employed in this study provided increased strength in 
paralyzed muscles with minimal risk for the SCI individual. 

Overall increases in QMP with FNS-KE exercise con- 
curs with previous work by Faghri, et al. ( 3 ,  who used 
different training protocols, instrumentation, and a shorter 
training period (7 weeks). However, the present study incor- 
porated total load for its QMP calculation, and, therefore, 
demonstrated final QMP levels which were substantially 
higher. Although not reported by Faghri, et al. (5) ,  a QMP 
index (change in QMP) derived from those data appears 
to be substantially lower than in the present study. The pro- 
tocols and instrumentation of the present study, therefore, 
appear to provide more effective training for given loads 
calculated in the same manner. 

The increase in levels of absolute external resistance 
with training concurs with other studies using different 

instrumentation and training protocols, although the levels 
achieved in the present study were much higher. Average 
final external resistance in the present study was 11 kg, 
compared to 4 kg in the study by Ragnarsson, et al. (21), 
5.5 kg in the study by Gruner, et al. (ll), 6 kg in the study 
by Faghri, et al. ( 3 ,  and 9 kg in the study by Fournier, 
et al. (7). This difference supports the use of a higher ceil- 
ing for external load which is still within safe limits. Of 
particular safety concern is the potential injury which 
may occur due to the strengthening of paralyzed muscles 
beyond the structural integrity of osteoporotic bone, and 
the possibility of altered biomechanics of the motion which 
results from stimulated muscle contractions. The higher 
maximum resistance load (15 kg), used for both evalua- 
tion and training in this study, appeared to be well within 
safe limits for those SCI subjects performing FNS-KE exer- 
cise in this study. However, SCI individuals with severe 
osteoporosis may require a lower maximum load resistance 
to prevent injury. 

Based on individual QMP graphs (examples are shown 
in Figures 2a, 2b, and 2c), transitory decreases in per- 
formance appeared to coincide with initial increases in 
external load resistance. The training protocol required the 
resistive load to be increased after successfully complet- 
ing the required number of repetitions for three consecu- 
tive training sessions. However, for many subjects, the 0.5 
kg increment in resistive load resulted in fewer completed 
repetitions and a net diminished QMP score. Interestingly, 
the subjects did not appear to reach a plateau during the 
training period. Longer FNS-KE training periods may elicit 
increased QMP, although not necessarily at the same rate. 
Further investigation is needed regarding the upper limit 
for performance increases, the rate of detraining, and the 
effects of medication on these results. 

Another significant finding of this study was increased 
passive knee ROM, which may aid in the prevention of 
joint contractures and allow easier performance of activi- 
ties of daily living. The lack of significant change in thigh 
skinfold thickness may be related to the small number of 
subjects (n=5) who could be measured. Those subjects who 
could not be measured exhibited a condition where the thigh 
skin could not be "pinched," possibly due to increased fluid 
content (edema) or soft tissue changes. The frequency of 
this problem indicates the need for alternative methods of 
measuring body composition in SCI populations (e.g., bio- 
impedance methods). 

Previous studies have demonstrated increased thigh 
girths, and suggested that FNS-KE exercise may increase 
quadriceps size (5,7,11,21). The lack of significant change 
in thigh girth found in the present study may reflect changes 
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Table 3. 
SCI lesion level and completeness, knee reflex tone (on a scale 
of 0 to 4), antispasticity medication, and quadriceps muscle per- 
formance index (post- minus pre-training QMP). Subjects are 
ordered by their QMP index (highest to lowest). 

SCI Lesion Tone Medication QMP Index 

T1 complete 3.0 Ditropan 829 

T10 incomplete 2.0 Dantrium 792 

C7 complete 2.5 none 786 

C5 incomplete 4.0 Valium, Lioresal 754 

C7 incomplete 4.0 Valium 660 

Cg incomplete 4.5 Valium, Lioresal 628 

Cg complete 4.0 none 498 

Tg complete 3.0 Valium, Diiropan 480 

C4 incomplete 3 .O Valium, Lioresal 479 

Cg complete 3.0 none 470 

T5 incomplete 3.0 none 450 

C5 incomplete 4.5 none 300 

in body composition, as opposed to a lack of quadriceps 
hypertrophy, such as decreased subcutaneous fat or fluid 
content (edema) of the thigh. In addition, body weight 
decreased, although the amount was not significant. The 
combination of decreasing body weight, body fat, andlor 
edema may have obscured an increase in quadriceps size. 
The significant increase in maximum load resistance 
strongly suggests that quadriceps strength was increased 
despite the lack of girth change. 

Because contraction of muscles contributes to the 

SCI of 1.6 and 15.4 years9 duration, no additional bone loss 
occurred during the training period. Based on our earlier 
work, even those with long-term SCI would be expected 
to demonstrate some bone loss. Wthin the limiLations of 
this study, these findings suggest that FNS-KE exercise may 
provide a deterrent to tibial bone loss in SCI individuals. 

Other factors which can potentially influence individ- 
ual subject performance with training include previous 
training status and medications. Only one subject (C6 
complete SCI male) had previous FES exercise training 
prior to pafiicipation in this study. For one year prior to 
this study, the subject had regularly trained on a leg 
cycle ergometer. However, his initial load level and prog- 
ress in the knee extension exercise of the present study was 
very similar to that of another untrained male subject with 
similar physical involvement (C5 complete SSCI). The ini- 
tial and final external loads for the trained subject were 
3.5 and 9.5 kg compared to 2.5 and 7 kg for the untrained 
subject, respectively. Therefore, previous FES training 
appeared to have little effect on quadriceps muscle train- 
ing in this case. 

Seven of the 12 subjects who participated in the study 
were taking antispasticity medications during training. 
Table 3 shows-for each subject-the change in left leg 
QMP (post- minus pre-training levels), the responses to 
lower extremity reflex Lsting (from the neurological exam), 
and the antispasticity medication taken. The patellar 
tendon reflex response is graded from zero to 4+, with zero 
being considered hypotonic, 2 normal, and 4+ hyperLonic 
(clonus). The mean change in QMP was actually higher 
for the group taking medication (660 versus 501 kgereps), 
but not significantly. The medications may have aided mus- 
cle strength and endurance training by allowing more iso- 
lated and controlled muscle activity and by decreasing 

mechanical stresses necessary to maintain bone strength resistance from anQgonisfc hamstring muscle groups. 
and stiffness (via the tendon-bone attachments), electrically- 
induced muscle contraction may affect bone density (14,17). 
Within the constraints of the sample size (n=9) included GONCWSPONS 
for bone density measurements, the TBD findings suggest 
that this form of exercise may be beneficial to the bone FNS-induced KE exercise provides a number of mus- 
located in close proximity to the exercising muscles. For culoskelebi benefits for the SCI individual whose mus- 
the seven subjects whose bone density decreased during cles respond to electrical stimulation. These include 
the training period, the rate of bone loss was substantially 
less than would be expected based on our earlier cross- 
sectional study of 40 SCI subjects (23). In this previous 
study, a bone loss rate of 0.15 g/cm31yr was observed in 
the first 2 years after injury in subjects who were not 
involved in FNS exercise. The highest bone loss rate in 
the present study (0.138 g/cm3/yr) was found in a subject 
who was 0.8 years post-SCI. However, for two subjects with 

increased quadriceps muscle strengthlendurance, and 
passive knee range of motion. In addition, FNS-KE exer- 
cise appeared to decrease the rate of tibial bone loss in 
our SCI subjecrs. From our results, this exercise can poten- 
tially be most helpful for recently injured SCI individuals 
in order to mainhin muscle integrity and joint ROM and 
to retard tibial bone loss. These benefits are especially 
impomnt to those SCl individuals who may experience 
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some return of voluntary function or who are preparing 
for more strenuous FNS activities such as leg cycling, 

standing, or ambulation. 
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APPENDIX 

Explanatory abbreviations 

FNS functional neuromuscular stimulation 
KE knee extension 
QMP quadriceps muscle performance 
ROM range of motion 
SCI spinal cord injury, spinal cord injured 
S D  standard deviation 
TBD trabecular bone density 
x mean 


	Musculoskeletal responses of spinal cord injured individuals to functional neuromuscdar stimulation-induced knee extension exercise training
	Mary M. Rodgers, PhD,

	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement and References



