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Recovery of impaired muscle function

in severe sciatica

Abstract Thisis a prospective cohort
study of patients with acute treated
severe sciatica. The objectives of the
study are, firstly, to describe the re-
covery of muscle performance by
manual and isokinetic muscle testing
in patients with acute severe sciatica
over 1 year, and secondly, to discuss
the potentia clinical relevance of the
isokinetic testing of the ankle for pa-
tients with acute sciatica. In clinica
daily practice, muscle performance is
evaluated by means of isometric man-
ual tests. Different authors using
manual muscle tests have reported the
long-term outcome of the muscle func-
tion in patients with sciatica. Overall,
the results are good in terms of the
recovery of muscle strength. How-
ever, it is not clear whether the isomet-
ric strength is sufficiently relevant to
evaluate the more complete muscle
performance of the affected muscles
in patients with sciatica. This study
presents data on the muscle recovery
measured with manual testing and
isokinetic testing of patients with se-
vere sciatica. Consecutive patients ad-
mitted to the Cantonal Hospital for
conservative management of severe
acute sciatica were eligible for inclu-
sion in the study. Patients were evalu-
ated at admission, discharge, and fol-
low-up at 3, 6, and 12 months. All the
visits included a standardized clinical
examination and the completion of
guestionnaires. Imaging and electro-
myography were conducted at the
first visit. Isokinetic muscle tests at
30°/s and 120°/s were performed at
discharge and follow-up visits. Man-

ual and isokinetic tests were per-
formed on foot and ankle flexor and
extensor muscles. Eighty-two consec-
utive patients (66% men), with a mean
age of 43 (£10.3) years, entered the
study. The prevalence of major mus-
cle weakness was low, with 7% of pa-
tients unable to perform toe walking
and 11% unable to walk on the heel
at visit one. Moreover, motor deficit
defined as a score of 4 or less (out

of 5) was found in 15% of subjects

at the first evaluation. Such severe
deficits were not found during the
last three visits. The isokinetic tests
showed a higher prevalence of mus-
cle function impairment. At visit 5,
the isokinetic test showed impaired
muscle function recovery from 23%
to 32%, while the manual test showed
almost full recovery. The issues of
agreement between manual and isoki-
netic muscle testing are discussed. In
this selected and homogeneous cohort
of patients, the prevalence of motor
deficit was rather low and the out-
come excellent according to the re-
sults of the manual testing. Isokinetic
muscle tests showed a higher preva-
lence of deficit and a much slower
recovery. The manual muscle test is
acrude clinical test. For more in-
depth muscle performance evalua-
tion, additional testing may be nec-
essary, especially for those patients
with physically demanding jobs or
activities.

Keywords Sciatica - Outcome
assessment - Isokinetic muscle test -
Clinical tests - Manua muscle testing
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Introduction

The recovery of patients with sciaticais usually good [1, 4,
6, 10, 13, 27, 30]. The recovery of muscle performanceis
not well understood, but it isusually rated good to excellent
if positive improvement is shown by manual muscle test-
ing. Manual muscle testing, part of aclinical standard eval-
uation [2, 11] that is aimed at determining muscle integrity,
can only detect major muscle performance differences be-
tween the involved and uninvolved lower extremity. Fur-
thermore, muscle endurance is functionally important, but
is poorly tested with an isometric manual muscle strength
test lasting a few seconds. A more refined measurement
would involve the use of isokinetic strength and endurance
testing of the dorsal and plantar flexor muscles of the ankle.

Studies of the recovery of long-term muscle perfor-
mance are lacking in the literature for patients with sciat-
ica. The potential role of isokinetic testing in terms of
clinical practice has never been evaluated for patients
with severe sciatica. Better understanding of the recovery
of muscle strength and endurance could lead to improved
recommendations for muscle performance testing and
treatment to regain full capacity for physically demanding
activity and/or work.

We have observed that the usual manual muscle tests
are not sensitive enough to evaluate ankle and foot flexor/
extensor muscle performance in sciatica patients once the
phase of acute pain has subsided. Our hypothesis was that
a more demanding test, such as an isokinetic test, would
show a higher prevalence of muscle function impairment
in acute sciatica patients. Thisis particularly important for
patients with high functional demands at work, leisure or
at home.

Purpose of this study

The purpose of this study was:

1. To describe the recovery of ankle muscle performance
by manual and isokinetic muscle testing in patients
with acute severe sciatica over 1 year, and

2. To discuss the potential clinical relevance of isokinetic
testing for patients with acute severe sciatica

Materials and methods

Thisisaprospective cohort study of patients treated for severe acute
sciatica pain. Patients were enrolled during the acute phase (mean
duration of pain 32 days, range 1-154 days). Materials and methods
have been described elsewhere in detail by Balagué et a. [5].

Population

Consecutive patients hospitalized in the Cantonal Hospital, Fri-
bourg, Switzerland for treatment of severe sciatica were evaluated
for inclusion in the study. Swiss physicians in this Canton refer a
large percentage of patients suffering from sciatica of radicular ori-

gin to the Cantonal Hospital. The main reasons for hospitalization
are: intensive pain management (including bed rest, epidural injec-
tions, medication and other measures), neurological deficit, and
living too far from the hospital for ambulatory treatment, accord-
ing to local standards. Even if a majority of non-surgical hospital-
izations for LBP have been considered inappropriate in the litera-
ture, some indications can be considered “medically” necessary
[8]. The treatment at the hospital in-patient program includes bed
rest (1 week), medication (narcotic analgesics, NSAIDs, seda-
tives), physical medicine modalities, TENS, exercise in a swim-
ming pool, instruction, and gymnastics. Epidural steroid injections
were performed when pain intensity remained high enough to in-
terfere with the rehabilitation program. The average duration of
hospitalization is 3 weeks. Cauda equina syndrome and progres-
sive motor deficit (manual motor test score <3) were indications
for immediate surgery. Surgery was elective for intolerable pain
refractory to aggressive drug therapy, or for lack of improvement
after 2-3 weeks of hospitalization. Similar indications have al-
ready been published by others [17, 31].

Inclusion criteria

All the patients admitted to the Department of Rheumatology,
Physical Medicine and Rehabilitation of the Cantonal Hospital for
conservative management of sciatica were considered potentially
eligible for inclusion in the study. Sciatica was defined according
to the diagnostic categories 4 and 6 from the Quebec Task Force
[29] and had to be unilateral with or without low back pain (LBP).
Spitzer classified pain in severa ways: category 4 is defined as
pain and radiation to the lower limb and neurological signs; and
category 6 is defined as compression of spinal nerve confirmed by
specific imaging techniques, e.g., computed tomography (CT),
myelography or magnetic resonance imaging (MRI), or other diag-
nostic techniques, e.g., electromyography (EMG) or venography.
Patients with acute first episode of sciatic pain and patients with
previous episodes of sciatica but without symptoms for at least
1 year immediately prior to the current episode were eligible. Only
patients with involvement of a single nerve root (L5 or S1) were
included, and they were evaluated by means of a standardized pro-
tocol over the period of 1 year [5, 7, 24].

The level of the involved nerve root was determined by the
topography of pain from a pain drawing, and the neurological ex-
amination including sensitivity, reflex and muscle testing, and
electromyography.

Exclusion criteria

The exclusion criteriawere the inability to understand, read, and re-
spond to questionnaires in the French language; age over 65 years;
previous spine surgery; recent (<1 year) vertebral fracture; major
spinal deformities; spondylolisthesis; diabetes mellitus and/or other
metabolic/endocrine disorders with polyneuritis; known alcoholism
or drug abuse; lower limb fracture within the past year; lower limb
amputation; recent ankle sprain; and other possible causes of sciat-
ica such as obstetric/gynecological disorders.

Informed consent

The ethical committee of the hospital approved the project. In-
formed consent was obtained from all participating patients. The
study was initiated on November 1993 and the follow-up of the
last patient was conducted on November 1998.

Process

Subjects were evaluated five times: at admission and discharge
from the hospital, and then at 3, 6, and 12 months after discharge
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(visits 1-5). Thefirst evaluation (visit 1) was performed within the
first 24 h of admission, and the second evaluation took place dur-
ing the last 2-3 days in the hospital. Clinical evaluation at admis-
sion (visit 1) and at discharge (visit 2) was performed by the treat-
ing physician. Follow-up evaluations (visits 3-5) were performed
by an independent physician. The evaluations were standardized
[5, 7, 24] according to an agreement between the physicians
reached during the pilot study. An inter-observer study between
these physicians was performed with ten sciatica patients not in-
cluded in the study for the straight leg raising test and spinal mo-
bility (R=0.88-0.98, P<0.05).

Data collection

Data collected at admission included demographics, standardized
clinical examination (including orthopedic and neurological exam-
ination), self-administered questionnaires[5, 7, 24] (functional sta-
tus by Oswestry [14], pain visual analog scale, quality of life[32]),
electrodiagnostic (EMG) examination, and imaging (CT scan or
MRI), and blood specimens. These results are reported elsewhere
[5]. At discharge and during the follow-up visits (visits 2-5), the
standardized clinical examination was performed, guestionnaire
data were collected, and an isokinetic ankle muscle performance
test was performed by independent physical therapists.

Manual muscle testing

Manual muscle testing was performed in the supine position ac-
cording to Kendall and Kendall [20]. The great toe extensor and
the dorsi-flexors of the foot as well as the plantar flexors of the
foot were tested [20]. The ankle and foot extensor muscles were
labelled the L5 group, while the plantar flexor muscles were con-
sidered the S1 group. For each test, the score of the weakest mus-
cle was recorded for the L5 and S1 muscle groups according to a
scale from 0 to 5, where O is no activity in the muscle and 5 is
full/normal activity of the tested muscle or muscle group. In our
areq, clinical practice conventionally allows scoring of the muscle
strength between the manual muscle test score of 4 and 5 with sub-
scores of 4+ and 5—. These sub-scores were collapsed into 4 and 5
for analysis, as we did not have any method to validate the clinical
manual testing sub-scores.

Isokinetic muscle testing

All study patients were subjected to an isokinetic evaluation of the
ankle flexor and extensor muscles at visits 2 through 5 (four
times). During the pilot phase, it appeared that at visit 1 the pa-
tients had too much pain to perform the isokinetic test. Therefore,
the first isokinetic measurement was performed at discharge, when
the patient had received treatment and the acute pain of sciatica
had abated. The dynamic plantar and dorsal muscle tests were per-
formed with an isokinetic dynamometer (Biodex 2000, Biodex
Corp., Brookhaven R&D Plaza, Shirley, NY, USA). The subjects
were lying on their side, and the first test always started with the

uninvolved leg to benefit from the learning effect on the sciatica
leg. After warm-up and a few learning trials, the patients were
asked to perform three complete ankle plantar flexion and dorsal
extension cycles at 30°/s and then 15 complete cycles at 120°/s.
Then, the involved leg with sciatica was tested. The isokinetic pa-
tient database comprised the values of torque and total work gen-
erated from the Biodex patient report. The isokinetic data were an-
alyzed as absolute data and as the ratio of the involved to the unin-
volved leg. Ratios for plantar flexor and dorsal extensor muscle
groups were computed for each visit. In isokinetic muscle testing
in normal individuals, a strength difference between the two sides
of up to 15% is considered to be within normal limits [23].

Reproducibility of isokinetic muscle testing

Prior to this study, we performed a reproducibility study for ankle
testing with the Biodex B-200 isokinetic dynamometer in order to
analyze the performance of the equipment during calibration. Ad-
ditionally, we sought to study intra-subject reliability in three dif-
ferent postures of the ankle joint. The calibration test for 30°/s and
120°/s showed a standard error ranging from 0.3 to 0.04 for peak
torque and total work in flexion. In the subject reliability study, we
then tested ten healthy volunteers [six men and four women, age
32 (£7.4) years] threetimes in three positions: side lying, pronely-
ing, and sitting. Each test consisted of three maximal flexion-
extension cycles at 30°/s and fifteen complete maximal cycles at
120°/s. Both ankles were tested in each position. A total of 90 sub-
ject tests were performed. The side lying position was found to be
the most acceptable position for the subjects, and the position with
the best reproducibility. Intra-class correlation showed good
(=0.90) to acceptable (=0.70 to <0.90) correlation for peak torque,
total work, and average power (0.94, 0.92 and 0.73, respectively)
in flexion. In extension, the correlation coefficients were similar
for peak torque, total work, and average power (0.83, 0.84, 0.89,
respectively). The remaining measures were poorly correlated, and
thus not used in this study. Based on the results of the repro-
ducibility study, we chose to use the parameters of peak torque,
average power, and total work and to test the patients in the side
lying position. The reproducibility study also demonstrated ran-
dom strength differences of up to 18% between the left and the
right side. We therefore conservatively set the recovery index in-
volved/uninvolved ratio to =0.85.

Statistical analyses

For baseline and follow-up data, descriptive statistics were com-
puted, as appropriate for categorical and continuous variables.

This study was initiated prior to the recognition of the need to
block the range of motion in isokinetic testing according to the
performance of the injured leg. Therefore, we explored ranges of
motion by testing for significant differences with a paired t-test be-
tween the involved and uninvolved leg for each visit (visits 2-5).
There was no significant difference (P>0.05).

The following isokinetic data were considered as missing data
in our data analysis:

Tablel Number of individu-

als with limp (score yes/no) Clinical variables Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
y admission) (discharge)

unable to toe walk (score yes/ (

no), unable to heel S/valk (gcore (n=82) (n=80) (n=72) (n=72) (n=74)

yes/no), and manual muscle ; 0, 0, 0, 0, 0,

festing (score <4) for the in- Limp (present) 31 (38 o/o) 6 (8 0/o) 4 (6%) 2 (3%) 4 (5%)

volved leg in patients with sci- Heel walk (unable) 9 (11%) 5 (6%) 0 0 0

atica (L5 and S1) over fiveviss  Toewalk (unable) 6 (7%) 1 (1%) 0 0 0

its. Numbersin parenthesesin-  Motor deficit <4; 12 (15%) 4 (5%) 0 0 1 (1%)

dicate percentage of population L5 and S1 (yes)




245

Table 2 Isokinetic means (SD) for peak torque (PKT), total work
(TW) and average power (AP) for the involved (IN) and unin-
volved (UN) leg in patients with sciatica: values for dorsal and
plantar flexion?. Isokinetic testing was performed at discharge, and

at 3, 6, and 12 months (visits 2-5) at 30°/s and at 120°/s. Mean
(SD) ratios (Ratio) are expressed as a percentage (involved/unin-
volvedx100)

Visit 2 Visit 3 Visit 4 Visit 5
N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)
Dorsal flexion 30°/s
PKT UN (Nm) 80 29 (8) 70 29 (7) 70 28 (8) 72 30 (9)
PKT IN (Nm) 80 23 (9) 70 27 (8 71 27 (9 71 26 (8
Ratio (%) 80 81 (25) 69 92 (21) 69 96 (24) 71 0 (22
TW UN (Nm) 75 58 (20) 70 55 (16) 67 51 (16) 70 55 (16)
TW IN (Nm) 78 42 (19) 68 51 (19) 70 51 (20) 69 50 (18)
Ratio (%) 73 75 (28) 67 96 (31) 65 101 (33) 67 91 (23)
AP UN (Nm) 80 10 (3 70 10 (2 70 9 3 72 10 3
AP IN (Nm) 80 8 (3 70 9 3 71 9 3 71 9 (3
Ratio (%) 80 81 (28) 69 95 (27) 69 99 (30) 71 92 (25
Dorsal flexion 120°/s
PKT UN (Nm) 81 16 (5 71 15 4 73 15 (5 72 16 (6)
PKT IN (Nm) 81 13 (5) 71 14 (5) 74 15 (5) 71 14 (4)
Ratio (%) 81 81 (26) 71 96 (25) 73 101 (33) 71 95 (24)
TW UN (Nm) 78 136 (50) 67 123 (42) 69 117 (72) 66 117 (50)
TW IN (Nm) 73 111 (56) 68 119 (59) 71 112 (55) 70 111 (50)
Ratio (%) 70 81 (34) 64 99 (35) 65 112 (60) 65 100 (38)
AP UN (Nm) 81 15 (5) 71 14 (4 73 13 (6) 72 13 (5)
APIN (Nm) 81 12 (6) 71 13 (5) 74 13 (6) 71 12 (5)
Ratio (%) 81 83 (34) 71 98 (33) 73 106 (52) 71 97 (33
Plantar flexion 30°/s
PKT UN (Nm) 80 53 (21) 70 60 (22) 69 64 (25) 71 65 (26)
PKT IN (Nm) 80 40 (20) 69 52 (20) 71 58 (23) 71 58 (25)
Ratio (%) 80 77 (34) 68 90 (28) 68 93 (24) 70 90 (26)
TW UN (Nm) 75 99 (43) 70 108 (44) 67 110 (44) 70 116 (51)
TW IN (Nm) 78 67 (39) 68 90 (41) 70 102 (41) 69 97 (43)
Ratio (%) 72 71 (34) 67 87 (31) 65 92 (30) 67 88 (31)
AP UN (Nm) 80 17 (7)) 70 20 (8) 69 22 (9) 71 22 (9)
AP IN (Nm) 80 13 (7)) 70 17 (7 71 20 (9 71 19 (9)
Ratio (%) 79 78 (38) 68 91 (39) 68 90 (25) 70 91 (32
Plantar flexion 120°/s
PKT UN (Nm) 81 36 (14) 71 36 (12) 73 36 (14) 70 36 (13)
PKT IN (Nm) 81 23 (12) 71 31 (13) 74 32 (14) 71 31 (13)
Ratio (%) 81 67 (31) 71 87 (29) 73 90 (27) 69 91 (29
TW UN (Nm) 78 309 (143) 67 300 (128) 69 284 (134) 67 291 (127)
TW IN (Nm) 73 186 (112) 68 251 (121) 71 257 (132) 70 250 (136)
Ratio (%) 70 66 (37) 64 88 (38) 66 95 (41) 66 91 (41)
AP UN (Nm) 81 34 (17) 71 34 (14) 73 33 (15) 70 34 (14)
AP IN (Nm) 81 21 (13) 71 28 (14) 74 29 (16) 71 30 (16)
Ratio (%) 81 64 (39) 71 87 (36) 73 92 (37) 69 93 (40)

aThe different values for N reflect the fact that only cases with all
the scheduled repetitions recorded were included in the analysis.
Moreover, some patients missed totally or partially one or more

evaluations. Overall, only nine patients decided to interrupt the
study, and were considered drop outs
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1. Data of patients who did not perform the isokinetic test or did
not show up at the follow-up

2. Data of patients for whom the Biodex patient report did not
generate a value for selected measured variables

We aso explored the start and end range of the motion between
the involved and uninvolved leg. The ratios (peak torque, total
work, and average power) of the involved (IN) to the uninvolved
(UN) leg were expressed as a percentage (IN/UNx100). For hy-
pothesis testing, apha was set at 0.05.

Results

During the study period, 315 potentially eligible patients
with sciatica symptoms and signs were admitted to the
Rheumatology Department. Eighty-two cases (25%) met
theinclusion criteria of the study. Two hundred and thirty-
three patients were excluded from the study for the fol-
lowing reasons: previous lumbar surgery (28%), co-mor-
bidity (27%), duration of pain (26%), age (16%0), diagno-
sis for radicular symptoms not confirmed at first evalua-
tion (12%), language (11%), and refusal to participate
(2%). Patients could have more than one reason for exclu-
sion, and therefore the total adds to more than 100%.

Nine patients (11%) discontinued the study. One pa-
tient moved away from the area and eight individuals did
not wish to continue. This figure compares favorably with
the 16.3% rate at 3 months reported by Patrick et al. [26].
A total of 73 patients completed the study.

Patient characteristics

Two-thirds (n=54/82) of the patients were men, the mean
age of the total population was 43 (+10.3) years, and the
mean body mass index (BMI) was 26.4 (+4.1) kg/m2.
Smokers accounted for 55%, and 77% of the subjects
were married. The mean duration of sciatica pain was 32
days. There were 43 patients categorized with an L5 root
syndrome and 39 patients with an S1 root syndrome.
Sixty-one patients were rated by the radiologist as having
a disc herniation based on CT scan or MRI, and 51 pa-
tients had a positive EMG at the first visit [5].

Clinical evaluation

For the purpose of this paper, only limp, toe walk, heel
walk, and manual muscle testing are reported from the
standardized clinical testing over five visits (Table 1). A
detailed description of clinical recovery over 1 year was
published elsewhere by Balagué et al. [5].

Manual muscle testing

Muscle weakness (<4 on a scale of 0-5) tested by manual
muscle testing and consistent with L5 or S1 root lesions

Peak Torque Dorsal Flexion

35

30 PU—
25 A ——

20 —e—UN

15 —a—IN
10

Nm

Visit

Fig.1 Isokinetic testing [peak torque (Nm)] for the involved (IN)
and uninvolved (UN) leg in patients (n=43) with sciatica (L5 syn-
drome) at discharge, 3, 6, and 12 months (visits 2-5)

Table 3 Percentage of patients with an involved leg:uninvolved
leg ratio of isokinetic muscle performance (peak torque and total
work) of 0.85 or less. Isokinetic testing was performed at 30°/s and
120°/s, at discharge, and at 3, 6, and 12 months (visits 2-5). For
visit 5, the mean (SD) involved over uninvolved leg ratio is also
displayed (PKT 30D peak torque at 30°/s for dorsiflexion, TW 30D
total work at 30°/sfor dorsiflexion, PKT 30P peak torque at 30°/sfor
plantar flexion, TW 30P total work at 30°/s for plantar flexion —
same labelling for testing at 120°/s)

Visit2 Visit3 Visit4 Visit5 Visith
(n=80) (n=69) (n=69) (n=71) meanratio
(SD)

PKT 30D 48% 35% 26% 34% 0.67 (0.15)
TW 30D 63% 35% 29% 37% 0.68 (0.16)
PKT 30P 65% 45% 39% 38% 0.66 (0.18)
TW 30P 60% 48% 41% 39% 0.62 (0.19)
PKT 120D  49% 32% 32% 32% 0.68 (0.15)
TW 120D 45% 32% 33% 32% 0.64 (0.18)
PKT 120P  79% 45% 51% 39% 0.66 (0.16)
TW 120P 69% 48% 45% 45% 0.62 (0.20)

was found in 15% of patients (n=12) at baseline, and in
5% of patients (n=4) at discharge. Only 1/73 patients had
residual muscle weakness, evaluated by manual muscle
testing, at the 1-year follow-up (Table 1).

I sokinetic muscle testing

At discharge from the hospital, more than 50% of the pa-
tients had measurabl e i sokinetic muscle performance def-
icit, defined by a ratio (<0.85) of involved over unin-
volved ankle muscles for either plantar or dorsiflexion at
the two measured velocities. Table 2 describes recovery
expressed as aratio in percent of the involved over the un-
involved leg from discharge (visit 2), 3 months (visit 3),
6 months (visit 4), and 1 year follow-up (visit 5). Figure 1,
which shows the recovery of patients with L5 syndrome,
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Fig.2 Side difference (uninvolved vs involved leg) of isokinetic
peak torque in Newton meters (x-axis) plotted against side differ-
ence of manual muscle test (y-axis) for L5 symptomatology

reveals that a majority of patients who recover do so
within the first 3 months. Approximately one-third of the
patients did not fully recover their isokinetic muscle per-
formance within 1 year as per our definition, expressed as
aratio of involved over uninvolved ankle muscles <0.85.

As reported in Table 3, the prevalence of isokinetic
muscle weakness ranged from 45% to 78% (according to
the variable considered) at visit 2. At visit 5, the same val-
ues ranged from 32% to 45%.

Figure 2 demonstrates a comparison between manual
muscle testing and isokinetic testing for patients with L5
syndrome as an example. The y-axis represents the side dif-
ference in the manual muscle testing, ranging from 0O to 1.
The x-axis shows the isokinetic side difference for each pa-
tient with L5 syndrome, displayed in Newton meters, rang-
ing from O to 30 Nm. Figure 2 demonstrates that for each
value of manual muscle test, alarge range of isokinetic val-
ues can be assumed. Therefore, a given value of manual
muscle test difference can not be associated with a given
isokinetic value, and these values can not be correlated.

Discussion

Characteristics of patients with acute severe sciatica

The characteristics of the patients participating in this
study were similar to those reported in other studies, with
respect to age, gender, and recollection of a precipitating
event of sciatica[4, 5, 9, 17, 18, 19, 27, 31].

Muscle performance

We characterized muscle performance through two tech-
niques, manual muscle testing and isokinetic muscle per-
formance measurements. In isokinetic muscle testing in
normal individuals, a difference between two sides of up
to 15% is considered to be within normal limits[23]. Con-

sequently, we defined a ratio of the involved to unin-
volved limb of less than 0.85 as indicating a muscle per-
formance deficit in the involved limb. Ninety-five percent
of patients had recovered on manual isometric muscle
testing by 3 months. Isokinetic testing indicated that
30-50% of the patients (depending on the parameter un-
der investigation) did not fully recover endurance and
strength of the ankle flexor and extensor muscles of the
involved leg (Table 3). For those who did not recover, the
ratio (involved over uninvolved ankle performance) was
approximately 0.65 for peak torque and total work at
30°/s and 120°/s.

Manual muscle testing may identify important muscle
deficits, but it does not appear to be as sensitive to the
smaller deficits, as measured in the isokinetic test. How-
ever, the two tests are not comparable [21]. The limited
value and validity of manua muscle testing on muscle
performance issues for patients with scores of 4 and
higher has already been highlighted in the literature [12,
16, 25]. Dvir [12] states that “elbow and knee muscles as-
sessed as having a score of 4 may generate as low as 10%
of their maximal isokinetic strength”. Among “neuro-
pathic patients,” Andersen and Jakobsen [3] reported that
“manual muscle testing resulted in a significant underesti-
mation of the frequency and severity of muscle weakness
in both the ankle and the knee.” In their study, ankle plan-
tar flexors were the muscles most frequently misclassified
by manual testing [3]. Merlini et al. [22] reported that, for
the same manual muscle testing grade, the corresponding
values of isokinetic force were “very different”. Our study
supports these findings.

In an effort to better understand the resolution of man-
ual muscle testing, particularly for scores 4 to 5, we plotted
the side difference of the scoring of manual muscle testing
against isokinetic testing of peak torque at 30°/s (Fig. 2).
The figure shows that a difference in manual muscle test-
ing score of 4 or 5 is represented by a torque value rang-
ing from O Nm up to 30 Nm. The manua muscletest isan
excellent screening test for gross differences between un-
involved and involved limbs, but the limitation of the
manual test scores 4 and 5 should be recognized.

Muscle performance recovery time

Most patients who recovered muscle performance did so
within 3 months after hospital discharge. Knowledge that
motor function recovery takes place within the first 3—-4
months is valuable to both patients and physicians.

Isokinetic testing at different velocities

We chose to test at two velocities: 30°/s and 120°/s. The
slow velocity is quasi-dynamic, and could be compared to
static muscle testing. Fugl-Meyer et al. [15] showed a
Pearson’s correlation of 0.92 between static and isokinetic
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plantar flexion peak torques at 30°/s. The faster velocity
was chosen, as it represents push-off velocity in moderate
walking.

Patients were able complete both the slow and the fast
isokinetic testing at the time of their evaluation. Pain was
not a predominant factor for patientsin the study, whichis
perhaps due to the position chosen, i.e., side lying, as well
as the fact that the acute phase was over and the patients
had received treatment for the sciatica pain. The patients
were not prescribed pain-killers prior to or after the isoki-
netic muscle testing.

Future considerations

Overall, the muscle recovery results should be confirmed
by other studies with a careful monitoring of range of mo-
tion. Mean total range of motion differences between the
involved and uninvolved ankle motion ranged from 4.5°
to 0.1°. Range of motion was plotted against peak torque
and total work to inspect for any pattern or relationships.
There were none to be found. The start and end range of
motion in the motion cycle were aso explored, and
showed even fewer differences between the two sides.
These differences are minor from a clinical and physio-
logical standpoint for the outcome measures chosen in
this study. We are confident that these minor differences
will not change the overall results. However, from a
methodological standpoint, standardization is needed to
better understand the effect of the length tension curve of
amuscle impairment due to sciatica. The newer isokinetic
protocols should be used in future studies where the range
of motion is locked and predetermined according to the
involved leg [28].

Based on our results, we suggest that patients who en-
gage in physically demanding work or active sports
should be tested more carefully for strength and en-
durance to identify muscle performance deficits. Studies

of larger numbers of patients are needed to elaborate our
understanding of the relationship between isokinetic mea-
surements and functional testing; furthermore, it will be
important to study the efficacy of different treatment proto-
cols to improve muscle performance after severe sciatica.

Conclusions

To our knowledge, this is the first prospective study of
muscle performance recovery in patients with conserva-
tively treated severe sciatica. The primary purposes of this
study were to describe the presentation and recovery of
muscle deficit associated with severe sciatica and to ex-
amine the value of commonly used muscle tests. Most pa-
tients with a muscle deficit recover within approximately
3 months; however, about one-third of the patients have a
muscle performance deficiency. This deficiency may not
be detectable with a manual muscle test, but will show on
more elaborate tests, including, for example, isokinetic
testing at different velocities.

The recovery of muscle performance by manual and
isokinetic muscle tests exhibits different chronologies.
Therefore, further studies are needed to evaluate other
functional tests in patients with sciatica. We are suggest-
ing that isokinetic testing is a valuable functional tool in
patients with demanding work or leisure tasks or in those
who simply complain about their level of function. Mus-
cle performance should be evaluated more thoroughly in
these patients, who may recover fully if put on afocused
rehabilitation program.
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