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has long been recognized that limb injury
relative atrophy and weakness,
which can cause an increased susceptibility
to reinjury. In 1964, Bender et all concluded
from a study of the lower body strength of
806 West Point Cadets that &dquo; ... individuals who have strength differences greater
than 10% between the limbs, and also those
in the lower quartile strengthwise, are more
likely to be injured than are those who
possess normal strength levels.&dquo; These studies were limited to isometrics, with the
subjects tested according to the multiple
angle testing method and then exercised with
an isometric program. There are few data
concerning which muscles are weakened in
response to particular injuries, other than
the prime movers of joints, for example, the
quadriceps when there is a knee injury.
There have been many devices used to
measure strength and power -but investigators have for the most part studied isometric and isotonic contractions. Martin2 published as far back as 1921 the ergographic,
dynamometric, and resistive strength tests
and compared the efficiency of these
methods. Despite the invention by Mosso of
the ergograph in 1884,~ there is still a great
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the
advent of an isokinetic apparatus such as the
Cybex II, we have attempted to extend
3ender’s findings isometrically to isokinetic
findings. Whereas Bender studied muscle
imbalances in and around the site of injury,
and described what occurs in muscles which
control the leg injury, our study was aimed
at defining the existing relationships
between an injured part of the extremity and
muscle groups far removed anatomically
from the site of injury. This is in accordance
with what we feel are valid postulates,
described by Schmier in 1945.
METHODS
Patient groups

Patients who were examined at the Lenox
Hill Hospital, Institute of Sports Medicine
and Athletic Trauma, were classified into a
number of categories according to the nature of their musculoskeletal disease or
injury. These were defined by orthopedic
surgeons after a comprehensive musculoskeletal examination. Most of the patients in
these categories continued to have a disability long after their original acute injury was
assumed to have healed, and continued to
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experience symptoms for which they sought
orthopedic care. We have divided this
patient population into seven groups as
follows:
Ankle and Foot Group ( 11 patients, mean
age 30 years): These were patients with
chronic ankle and foot problems, including
chronic ankle sprain and ankle and foot
strains, as well as anatomic abnormalities of
the foot. They were not symptomatic at the
time of these tests, but had been treated for
their symptoms until they were able to
return to normal daily life. They were then
called in and tested for residual weakness in
the extremities.
Back Group (15 patients, mean age 37
years): These patients had histories of
chronic low back pain, mostly without a
clear etiology but primarily diagnosed as
strain and sprain. We did not include any
patients with demonstrable root pathology.
Knee Ligamentous Instability Group (17
patients, mean age 23 years): These patients
had documented injury to the ligaments of
the knee with residual complex clinical
instability of the knee even after previous
surgery. Prior treatment elsewhere included
a program of straight leg raises, designed to
strengthen the quadriceps; in most cases the
patients had used weights.
Intraarticular Defect Group (14 patients,
mean age 30 years): These individuals had a
torn knee cartilage demonstrated by
arthroscopy with or without prior simple
menisectomy, or had osteochondritis dissecans. Any patient with patellar disease or
ligamentous problems or clinical instability
of the knee was excluded from this group.
Patella Group (24 patients, mean age 25.3
years): This group encompassed sympto-

matic, previously treated, patellofemoral
problems including chondromalacia, subluxing patella, and tendinitis.
Arthritis Group (4 patients, mean age 54
years): These patients showed moderate to
severe degenerative arthritic changes in the
knee of at least one compartment, documented with x-rays, clinical signs, and physical findings of limited motion with pain. No
patients suspected of collagen disease were
included in this group.
Control Group: All patients’ legs in any
patient group which were uninvolved by the
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above diseases processes were matched
against the affected or symptomatic leg and
thus utilized as controls.
Number of

patients

There

were

study.

When

patients included in
questioned, none of the

134

this
pa-

tients were aware of the presence of weakness in their legs unless it was pointed out
previously by our manual tests. All had tried
various strenuous methods to strengthen
their quadriceps in the past, yet continued
to have some degree of residual signs or
symptoms affecting the injury site, such as a
small deficit of motion and/or stability. In
most cases these residuals were not visible to
the examiner unless special performance
tests were

performed, i.e., hop, skip, jump,

which time mild lurches
cated weakness.
at

or

cramps indi-

study*
Patients were tested on the Cybex II at three
different speed settings: slow speed (5 rpm),
medium speed (15 rpm), and fast speed (30
rpm). &dquo;Cybex measures muscular output at
pre-selected controlled velocities from isometric contractions (0 rpm) to fast functional speeds (35 rpm).&dquo; Torque force measurements
(foot-pounds) are achieved
through a range of motion. The speed for
which the specific torque was achieved is a
key element for evaluation. No patients
were permitted to perform any of the tests to
a degree which produced pain. The data were
obtained directly on graph paper and measured according to a scale of foot-pounds.
The tracing was scored by measuring the top
of each peak that was recorded on the appropriate scale (0 to 360 pounds). The average for four repetitions of each muscle group
was calculated for each peak torque measurement, with the bar weights added or subtracted. For each patient, a special testing
chart was assembled in which age, sex, diagnosis, somatotype, activity, previous treatment, and other data were compiled.
Five muscle groups were tested: the quadriceps, hamstrings, hip abductors, hip
Method and technique of
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Many of the techniques used in this study were
outgrowth of work conducted by Mr. Jeff
Snedeker, Research Associate, ISMAT, and
an

Athletic Trainer for the New York Jets.

adductors, and hip flexors. There were three
individual testing procedures that covered
the five muscle groups.

Quadricep-Hamstring

Test:

To

test

the

quadricep-hamstring muscles, the patient
was seated with his back against the chair at
a carefully determined angle of 105°, with
his

legs dangling in flexion and his knees

over the edge of the seat. The
machine was positioned so that the axis of
the rotary arm was directed through the
joint line of the tested knee. The joint line
was visualized just proximal to the fibular
head and posterior to the patella. The bar
arm extension was then brought down the
leg until the pad could be strapped onto the
ankle anteriorly, just above the malleoli.
The thigh was strapped securely to the seat
to prevent motion above the knee joint,
whereas the back, again, was supported at
the 105° angle. The patient was instructed to
kick out the leg to full extension, at maximum speed and strength, and then pull the
leg back down in the same manner. The
patient was given one warmup at 10 rpm
before proceeding to the four repetitions at
each of the three speeds. Both legs were
tested in a similar manner.
Hip Flexor Test: In the hip flexor test the
patients were seated with their spines erect
at 90° to the seat and their backs unsupported. The axis of bar rotation was positioned at the greater trochanter of the femur
and the length of the arm extension was
determined by having the bar rest approximately three-quarters down the thigh at 0°.
The patient was secured as well as possible
to keep his knee locked and back straight
without leaning backward. He was instructed to hold on to the forward edge of
the chair with his hands. The patient was
then asked to use his thigh to raise the bar
straight up with maximum strength and
speed until full available flexion of the hip
had been achieved. The same warmup and
repetition procedure was used as in the first

directly

test.

Test: When the hip
abductor-adductor muscle groups were
tested, the patient was positioned so as to lie
on the side contralateral to the leg to be
tested, on a flat examining room table. The
patient’s body was parallel to the table’s

Hip Abductor-Adductor

his legs and back were straight. The
of rotation was directed midway
through the inguinal crease of the hip to be
tested. The arm extension was slid out to
allow the pad to be strapped onto the lateral
side of the ankle, just above the malleoli.
The patient was then instructed to raise the
strapped leg in a scissor fashion until he
could feel the knee beginning to bend,
whereupon (in one continuous motion) he
was to reverse the process and pull the leg
down to the rest position on the table. The
patient was told, again, to try for maximum
strength with speed, and the same warmup
and repetition procedure was followed as
with the other test methods.

edge;
axis

RESULTS

The present study depicts the data obtained
at the 5 rpm setting, which gives the highest
measure of gross strength among the three
speeds tested. Our studies of each patient
group, with the exception of the arthritis
group, revealed characteristic patterns of
muscle weakness which could be correlated
with the specific pathological syndromes.
Thus, it was possible to show how specific
injuries were associated with specific muscle
group weaknesses. Several other significant
relationships were evident in the following
groups of patients (Table I).
Ankle and Foot Problems: There was a
strong correlation between ankle and foot
problems and ipsilateral weakness of the hip
abductors and adductors. For the hip abductors, P < 0.05, and for the hip adductors, P
<
0.005. There were; in addition, nonsignificant ipsilateral trends for quadriceps and
hamstring weaknesses in these individuals
with previous foot disorders.
Ligamentous Instability: There was a significant relationship between ligamentous instability of the knee and ipsilateral quadriceps
weakness: P < 0.025. There was also a
nonsignificant trend for hamstring weakness.

Patellar Lesions: Those patients with patella
difficulties showed the greatest number of
muscle weaknesses of all the groups tested.
There was a significant relationship to ipsilateral weakness in three of the five muscle
groups studied: the quadriceps, the hamstrings, and the hip flexors (P < 0.005, 0.01,
243

TABLE Ia

I

A

b

Significance

=

affected leg; C
control leg.
level less than or equal
=

to

5%.

and 0.005, respectively). Although there was
a small trend for weakness in the hip
abductors and adductors, it was not considered significant.
Intraarticular Defects: Those patients with
intraarticular defects showed consistent
weaknesses of the ipsilateral quadriceps: P
< 0.01. There was also an associated trend
toward hamstring weakness.
244

Arthritis Group: The arthritis group alone
showed no significant muscle group weakness. That is, in all of the muscle groups
tested, none showed a consistently significant deficit from the unaffected or control

leg.
Back Group: These data are somewhat difficult to interpret, because in most patients a
clear distinction between &dquo;affected&dquo; and

&dquo;unaffected&dquo; or control leg was not possible.
However, a unilateral quadriceps weakness
0.05 level of confiwas demonstrated (P <

dence).
Of all muscle groups tested, quadriceps
weakness was the most common in the
various groups. In patients with ligamentous
instability, intraarticular defects, patella
lesions, and back complaints, there were
significant readings: P < 0.025, 0.01, 0.005,
and 0.05, respectively. Thus, a specific
weakness is associated with specific types of
clinical problems. In degrees of strength, the
patients with ligamentous instability evidenced the highest mean scores in their
affected legs. They also exhibited the largest
gradient of mean scores between the affected
and control legs of all of the patient groups
tested. Most were athletes who had used
standard weight training equipment in the
past. The mean strengths of patients with
foot and ankle problems, however, were
generally the lowest among the groups, with
the least difference from the control. They
were older patients by comparison.

mands for muscle power in certain sports
are often excessive for those with quadriceps-hamstring injury. In this series, many
of these patients had not, when first seen,
been rehabilitated to the point where the
previous injury site showed no significant
defects.
Thus, one should check quadriceps imbalances in every physical examination, particularly in the athlete before competition.
Testing for quadriceps-hip flexor weakness
can be done by using the &dquo;resistive hip flexor
test.&dquo; We have used this method and we are
very pleased to note how easily it shows
these weaknesses. (Fig. 1).
MANUAL TESTS AND
TOTAL LEG STRENGTH

The

phenomenon of individual muscle weak-

is well documented with the relative
of a Cybex machine. What is
crucial, clinically and pragmatically, is a
quick, simple, and widely available method
for determining gross weakness and deficits
of extremities. In an effort to obtain this, we
ness

precision

DISCUSSION

From these data, it appears that the more
distal the injury site, the greater the total
weakness in the affected limb. Thus, distal
injuries produce more weakness to the entire
limb than do proximal ones, although the
injury at the ankle, such as a sprain, may be
more trivial than that at the knee. Also, of
further interest, were the results obtained
from the patients with ankle and foot problems (Table I). Patients with these injuries
revealed consistent weaknesses in their hip
abductor and adductor muscle groups, far
from the actual site of injury. This relationship, which we have clinically noted on
manual testing of thigh muscles, has never
before to our knowledge been quantitated by
isokinetic testing. Also worthy of closer
scrutiny is the frequency with which unilateral quadriceps weakness occurred in these
injury groups. This corroborates the finding
of many orthopaedists, physicians, and
physical educators that this muscle group is
the most sensitive to injury to the leg.
Patients with quadriceps weakness have an
increased predilection for lower body injuries and, not surprisingly, the massive de-

Figure
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for quadriceps-hip flexor
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Figure 2-Manual

test for

summated the specific muscle groups that
were tested on the Cybex II to determine a
gross measure of approximate &dquo;totaled leg
strength.&dquo; This was used to again compare
&dquo;affected&dquo; and &dquo;control&dquo; legs for each,
patient group. Put more simply, totaled leg
strength, for these purposes, equals the sum
of the quadriceps, hamstring, hip abductors,
hip adductors, and hip flexors as measured
at 5 rpm on the Cybex (Table II).
The data thus treated, with a patient
population that was slightly expanded from
the initial study, were analyzed with the
Wilcoxon signed rank test and are summarized in Table II. In the ankle and foot,
ligamentous instability, intraarticular defects, and patella groups there is an irrefutable deficit in totaled leg strength, as
defined above, to P < 0.01 level of confidence.
Two points must be made. Although a
similar result was observed for patients with
back pathology, it is probably unwise to
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hip abductor strength.
label it significant, because in many of the
back patients there was no clear affected or
control leg. This group should probably be
discarded in this type of analysis.
Secondly, the patient sample in the arthritis group was so small as to almost preclude
any chance of significant results. Again, it
would be best not to place much emphasis
on these findings.
The~e qualifications aside, there are
important results in this analysis. In all four
pathology groups with a large enough sample and clearly defined affected and control
legs, there was a highly significant deficit in
totaled leg strength on the affected side.
Thus, what has been experimentally used as
totaled leg strength, as measured on the
Cybex II, is a useful indicator of pathology
of the ipsilateral leg, whether the pathology
is injury or disease.
It is desirable to develop a quick, simple,
and widely available method for roughly
approximating totaled leg strength in the

TABLE II

Totaled

Leg Strength

clinical setting. Manual tests, which can be
included in any physical examination, seem
to be an ideal choice. They require only
experience to be performed accurately, and
do not call for elaborate equipment or
devices.
At the Institute of Sports Medicine and
Athletic Trauma (ISMAT), leg strength
imbalances have often been found by manual testing with the previously shown sitting
hip flexor resistance test. This has now been
confirmed with the Cybex II measurements.
The
flexor resistance test has been
performed by one of the authors (J. N.) for
15 years and has been a most useful tool in
detecting quadriceps-hip flexor weaknesses.
It is a gross measure of a summation of
muscle power involving the arms passed
through to the trunk and hip. The ability to
withstand the examiner’s hand pushing
downward is a gross test of efficiency.
The patient is seated on the table with his
back straight and his legs dangling over the
edge. He should hold on to the edge of the
table. He is then instructed to flex one hip,
i.e., to bring the knee up toward his chest
approximately 120° and hold it against
resistance, as the examiner pushes down on
the thigh with the palm of his hand using
increasing increments of strength. This procedure is then repeated for the other leg; the
attempt is made to keep the force and the
angle of the examiner’s hand constant. This
method, if performed correctly, is a quick
and surprisingly accurate way of determining a unilateral weakness of the trunk, thigh
flexors, and quadriceps group. When the leg
cannot maintain the maximum isometric
summated contraction, the patient yields.
Included in these resisting hip flexors, when
the load is pushed through the front of the
knee, are the quadriceps and iliopsoas mus-

hip

as well as contributions from the hip
adductors and abductors, the glutei, and the
abdominal and spinal muscles. The stress is
transferred by this test from their pelvic
attachments to the chest. If such unilateral
weakness is brought to light by this test, it
should alert the examiner that a predilection
for injury exists, in that there may be
pathology of the affected limb, and an
appropriate exercise program should be instituted with periodic follow-up. There is
also a manual test for hip abductor strength
(Fig. 2) that is both quick and simple to
perform. The patient is asked to lie down on
his side on the examining table. He then
abducts the leg to be tested to approximately
60° and holds it against resistance as the
examiner pushes down on the ankle at the
level of the lateral malleolus with the palm
of his hand. This procedure is repeated for
the other leg, as was done for the thigh; a
comparison is made and any relative weaknesses are noted. This test has been used by
the authors for 15 years as a screening test of
lower extremity deficits. It has been used on
various athletes as well as elderly persons,
and it is easily reproducible. Whether the
resistance is passed at the ankle or at the
fifth metatarsal is important in separating
whether the lateral calf weakness is below or
above the ankle. A similar test for the upper
extremities is also routine at ISMAT, using
extension of the entire extremity to determine proximal and distal weaknesses and
the relationships to upper pathology, as well
as extension weakness at the wrist and at the

cles,

proximal interphalangeal joints.
CONCLUSIONS
1. It has been found with manual and

CYBEX

testing that there are specific weak247

nesses associated with specific types of clinical problems.
2. In order of statistical significance, the
following specific weaknesses were found:
quadriceps-patella, intraarticular defects,
ligamentous instability, and back problems;
ankle and foot-weaknesses in hip abduction and adduction as compared to the
unaffected side; patella-affects the most
muscle groups, with significant weakness of
the affected side against the control side.
3. In all pathology groups, the affected
leg was weaker than the control leg for the
mean levels of strength at 5 rpm.
4. All medical personnel concerned with
injuries to the lower extremities must realize
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strength of the lower body is an
integrated unit, which can be affected in
many different areas, some quite remote
from the site of pathology, by a single
pathological disorder. What is measured
manually cannot be measured by the Cybex
alone. Other testing devices are being made
by us to find an ideal method to relate
manual tests to quantitative measurements
by machines.
that the
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