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Abstract

The most common method used for the assessment of spinal cord injury patients is International Standards for Neurological Classification of Spinal
Cord Injury developed by the American Spinal Cord Association and International Spinal Cord Society. One of the important parts of this evaluation-

motor evaluation of the lower extremities-is reviewed in this article.
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Introduction

The International Standards for Neurological Classification of
Spinal Cord Injury (ISNCSCI) developed by the American Spi-
nal Cord Association (ASIA) and the International Spinal Cord
Society (ISCoS) are the most commonly used method assess-
ment of patients with spinal cord injury (1). In the present ar-
ticle, motor evaluation of the lower extremities, which is one of
the most important parts of this evaluation, is reviewed. In the
motor evaluation of the lower extremities, key muscle functions
corresponding to five myotomes (L2-S1) are evaluated, as in
the upper extremities. It is recommended that each key muscle
function should be evaluated in the rostral-caudal sequence and
supine position and by stabilizing the muscle to be evaluated as
improper positioning in stabilization can cause other muscles to
be assessed by mistake (2).

A 6-point scale is used for evaluating muscle strength (Table 1).
When International Standards are used for research and com-
parisons among clinics are made, the use of plus and minus
values is not recommended in the grading of muscle strength.

If more than half of the joint’s range of motion (ROM) can be
performed in patients with contracture, the muscle strength is
evaluated; otherwise, it is evaluated as “not testable” (NE) (3).

The following muscles are bilaterally assessed. The reasons for
choosing these muscles are that they are innervated with the
specified segment and from at least two spinal segments, they
have functional significance, and they can be easily reached and
isolated in the supine position (4).

The key muscles used for motor evaluation and related roots and
segments of the spinal cord are as follows:

L2: Hip flexors (iliopsoas)

L3: Knee extensors (quadriceps)

L4: Ankle dorsiflexors (tibialis anterior)

L5: Long toe extensors (extensor hallucis longus)
S1: Ankle plantar flexors (gastrocnemius and soleus)

In 2011 revision of ISNCSCI, it was recommended to pay atten-
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Table 1. Grading muscle functions (4)

0= Total paralysis
1= Palpable or visible contraction

2= Active movement, full range of motion (ROM) when gravity is
eliminated

3= Active movement, full ROM against gravity

4= Active movement, full ROM against gravity, and moderate resis-
tance in a muscle-specific position

5= (Normal) Active movement, full ROM against gravity, and full
resistance in a muscle-specific position expected from a healthy
person

5*= (Normal) Active movement, full ROM against gravity, and suffi-
cient resistance to be considered normal if identified inhibiting
factors (i.e., pain, disuse) were not present

NT= Not testable (i.e., due to immobilization, severe pain that can
prevent the grading of the patient, amputation of limb, or con-
tracture of >50% of the range of motion)

tion to the following positions when evaluating muscle strength
grades 4 and 5 (3-6):

L2: Hip at 90° of flexion

L3: Knee at 15° of flexion
L4: Ankle in full dorsiflexion
L5: Toe in full extension

S1: Hip in neutral rotation, neutral flexion/extension, and neu-
tral abduction /adduction; knee in full extension; and ankle in
full plantar flexion.

The positioning of these key muscles during evaluation and the
points that must be considered are comprehensively explained
in the motor evaluation training module of the InSTeP program,
which can be accessed on the ASIA and ISCoS websites. The
motor evaluation of the lower extremities starts with muscle
strength grade 3. If the patient can achieve grade 3, the evalua-
tion continues with grade 4 or 5; however, if the patient cannot
achieve grade 3, the evaluation proceeds with grades 2, 1, or 0
@).

L2 myotome: Hip flexors-iliopsoas muscle

e Grade 3: The patient is in the supine position, the hip is
in neutral adduction/abduction, and the hip and knee are
in 15° of flexion. The leg is supported to prevent heel fric-
tion to the bed (Figure 1a). The patient is asked to lift the
knee toward the face. If the patient completes ROM, muscle
strength is evaluated to be grade 3 (Figure 1b). While as-
sessing hip flexion in patients with suspected acute trau-
matic injury below the T8 level, active or passive hip flexion
above 90° should be avoided to prevent kyphotic stress in-
crease on the lumbar spine (5).

e Grades 4 and 5: The patient is in the supine position, the
hip is in neutral rotation and abduction/adduction, and the
hip and knee are in 90° of flexion. While the contralateral
hip is stabilized by one hand, pressure is applied in the op-
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Figure 1. a, b. Evaluation of the patient’s hip flexors for muscle
strength grade 3; initial position (a), if the patient completes
the range of motion, the grade is evaluated to be 3 (b)

Figure 2. Evaluation of hip flexion for muscle strength grades
4or5

posite direction of the hip flexion above the knee (Figure 2).
If the patient receives partial pressure, the muscle strength
is evaluated to be grade 4, whereas if the patient receives
full pressure, the muscle strength is evaluated to be grade 5.

e Grade 2: The hip is positioned in external rotation and in
45° of flexion. The knee is in 90° of flexion (Figure 3). The
patient is requested to bring the knee toward the head.
If the patient can achieve full ROM, the grade of muscle
strength is evaluated to be 2.

e Grades 1 and 0: The hip is in neutral rotation and abduc-
tion/adduction. If superficial hip flexors (sartorius or rectus
femoris) are palpated distal to the anterior superior iliac
spine when the patient tries to bring the leg toward the
abdomen, the muscle strength is evaluated to be grade
1. Considering that it is very difficult to palpate iliopsoas,
which is a deep muscle, while examining muscle strength
grade 1, more superficial flexor muscles are recommended
to be palpated. In the absence of any contraction that can
be palpated or observed, the muscle strength is graded as 0.

L3 myotome: Knee extensors-quadriceps muscle

e Grade 3: The patient is in the supine position. The hip is
positioned in neutral rotation and abduction/adduction and
in 15° of flexion. The knee is in 30° of flexion. The hand is
passed under the tested knee and placed on the other knee
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(Figure 4). The patient is asked to bring the knee to the
extension position. If the patient can achieve full ROM, the
muscle strength is graded as 3.

Grades 4 and 5: The patient is in the supine position. The
hip is positioned in neutral rotation and abduction/adduc-
tion and the hip and knee are in 15° of flexion. The hand
is passed under the tested knee and placed on the other
knee. The patient is asked to do a knee extension, and pres-
sure is applied from the proximal side of the ankle toward
the bed with the other hand (Figure 5). If the patient can
feel partial pressure, the muscle strength is graded as 4,
whereas in the case of full resistance, the muscle strength
is graded as 5.

Grade 2: The leg is supported when the hip is in external
rotation and in 45° of flexion and the knee is in 90° of flex-
ion (Figure 6). The patient is requested to perform a knee
extension. If the patient can achieve full ROM, the muscle
strength is graded as 2.

e Grades 1 and 0: The hip is in neutral rotation and abduc-
tion/adduction. The hip and knee are in 15° of flexion. The
patient is asked to push the back of the leg downward to-
ward the bed, and the patellar tendon or quadriceps is pal-
pated, or contraction is observed. In the presence of con-
traction, the muscle strength is graded as 1, whereas in the
absence of any contraction that is palpated or observed, the
muscle strength is graded as 0.

L4 myotome: Ankle dorsiflexors-tibialis anterior muscle

* Grade 3: The patient is in the supine position. The hip is
positioned in neutral rotation and abduction/adduction.
The hip and knee are positioned in slight flexion (Figure 7).
The patient is asked to pull the toes toward the face. If the
patient can achieve full ROM, the muscle strength is graded
as 3.

e Grades 4 and 5: Pressure is applied on the dorsum of the
foot when the hip is in neutral rotation and abduction/ad-
duction, the hip and knee are positioned in slight flexion,

Figure 3. Positioning for the evaluation of muscle strength
grade 2 in hip flexion

Figure 5. Evaluation of muscle strength grade 4 or 5 in knee
extension

Figure 4. Positioning for the evaluation of muscle strength
grade 3 in knee extension

Figure 6. Positioning for the evaluation of muscle strength grade
2 in knee extension
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and the ankle is in full dorsiflexion (Figure 8). If the patient
feels partial pressure, the muscle strength is graded as 3,
whereas if the patient feels full pressure, the muscle strength
is graded as 5.

Grade 2: When the hip is in external rotation and in 45° of
flexion, the knee is in 90° of flexion the patient is then asked
to lift the toes upward toward the face (Figure 9). If the
patient can achieve full ROM, the muscle strength is graded
as 2.

Grades 1 and 0: The hip is in neutral rotation and abduc-
tion/adduction, and the hip and knee are in slight flexion.
When the patient is asked to pull the foot toward the face,
the tibialis anterior tendon or muscle is palpated (Figure
10). In the presence of contraction, the muscle strength is
graded is 1, but if the contraction cannot be palpated or
observed, the muscle strength is graded as 0. While evaluat-
ing for muscle strength grade 1, it should be kept in mind

that the extensor hallucis longus muscle can mimic ankle
dorsiflexion; therefore, it should be assured that the move-
ment is performed from the ankle.

L5 myotome: Toe dorsiflexors-extensor hallucis longus
muscle

Grade 3: The patient is in the supine position. The hip is in
neutral rotation and abduction/adduction, and the knee is
in extension. The patient is asked to pull the first toe toward
the knee. If the patient can achieve full ROM, the muscle
strength is graded as 3.

Grades 4 and 5: Pressure is applied when the hip is in neu-
tral rotation and abduction/adduction, the knee is in ex-
tension, and the great toe in full extension (Figure 11). If
the patient receives partial pressure, the muscle strength is
graded as 4, whereas if the patient receives full pressure, the
muscle strength is graded as 5.

Figure 9. Evaluation of ankle dorsiflexion for muscle strength

Figure 7. Evaluation of ankle dorsiflexion for muscle strength
grade 2

grade 3

Figure 8. Evaluation of ankle dorsiflexion for muscle strength
grade 4 and 5

Figure 10. Evaluation of contraction in the tibialis muscle for
muscle strength grade 1 in ankle dorsiflexion
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Figure 11. Evaluation of the toes for muscle strength grades 4
and 5

Figure 12. Evaluation of the toes for muscle strength grade 2

Grade 2: The grade of muscle strength is 2 if the toe can
achieve full extension when the hip is in external rotation,
the hip and knee are in flexion, and the ankle and toes are
in a relaxed position (Figure 12).

Grades 1 and 0: The hip is in neutral rotation and abduc-
tion/adduction, and the hip and knee are in extension. The
patient is asked to pull the toe toward the face, and the
extensor hallucis longus tendon or muscle is palpated. In
the presence of contraction, the muscle strength is graded
as 1, whereas in the absence of any contraction that can be
palpated or observed, the muscle strength is graded as 0.

S1 myotome: Ankle plantarflexors-gastrocnemius and soleus
muscles

Grade 3: The patient is examined in the supine position.
The hip is in neutral rotation and abduction/adduction and
in 45° of flexion, and the knee is in full flexion. One hand of
the examiner is placed under the knee, and the other hand
is under the sole of the foot. The heel remains resting on
the bed (Figure 13a). The patient is asked to push the foot
down and to lift the heel off the bed. If the patient achieves

AN A

Figure 13. a, b. Positioning the ankle plantar flexors for muscle
strength grade 3 (a), lifting the heel up and completing the
joint’s range of motion (b)

Figure 14. Evaluation of the ankle plantar flexors for muscle
strength grades 4 and 5

full ROM, the grade of muscle strength is evaluated to be 3
(Figure 13b). During this assessment, the hip flexors should
be monitored to assure that they are not being used to fa-
cilitate the movement.

e Grades 4 and 5: The hip is in neutral rotation and abduc-
tion/ adduction, the knee is in extension, and the ankle is in
full plantar flexion the leg is stabilized with one hand, and
pressure is applied to the sole of the foot with the other
hand when (Figure 14). If the patient feels partial pressure,
the muscle strength is graded as 4, whereas if the patient
feels full pressure, the muscle strength is graded as 5.

e Grade 2: When the hip is in external rotation and the hip
and knee are in flexion, the patient is asked to move the
foot downward. If the patient can achieve full ROM, the
muscle strength is graded as 2. During this effort, if there is
a contraction in the Achilles tendon or gastrocnemius mus-
cle, the muscle strength is graded as 1. If not, the muscle
strength grade is evaluated to be 0 (7).

The results of the evaluated key muscles are noted in the separate
section for motor evaluation on the ASIA assessment page (8).
To avoid making mistakes during the motor evaluation, simple
instructions should be given to the patient to explain what we
want. Moreover, it is possible to make an inaccurate evaluation
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to be performed due to various reasons, including coexisting
head trauma, sedation, pain, fatigue, anxiety, previous cognitive
deficit, insufficient experience of the examiner, and improper
positioning and stabilizing. Moreover an inaccurate evaluation
of muscle strength grade 1 due to incorrect palpation, passive
ROM not previously evaluated, and the false evaluation of spas-
ticity or reflex movement as a voluntary muscle contraction are
frequently occurring problems. The use of plus (+) and minus
(=) values in the evaluation of muscle strength may decrease the
retest reliability of the assessment (7).
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