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The degree of disability varies widely among C6 tetraplegic patients in comparison with that
at other neurological levels. Shoulder muscle strength is thought to be one factor that a�ects
functional outcome. The aim of this study was to examine the relationship between shoulder
muscle strength and the Functional Independence Measure (FIM) motor score among 14
complete C6 tetraplegic patients. The FIM motor score and American Spinal Injury
Association (ASIA) motor score of these patients were assessed upon discharge. We evaluated
muscle strength of bilateral scapular abduction and upward rotation, shoulder vertical
adduction and shoulder extension by manual muscle testing (MMT). The total shoulder
strength score was calculated from the summation of those six MMT scores. The relationships
among ASIA motor score, total shoulder strength score and FIM motor score were analyzed.
The total shoulder strength score was signi®cantly correlated with the FIM motor score and
the score of the transfer item in the FIM. In the transfer item of the FIM, the total shoulder
strength score showed a statistically signi®cant di�erence between the Independent and
Dependent Group. Shoulder muscle strength appears to be an important factor in the
functional abilities of those with C6 complete tetraplegia. Functional variation depends on the
strength of shoulder muscles, especially among C6 tetraplegics.
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Introduction

The neurological level of lesion is a primary factor for
predicting functional outcome in spinal cord injuries.
The degree of disability varies widely among C6
complete tetraplegic patients in comparison with
injuries at other neurological levels.1 ± 7 As for
activities of daily living (ADL) in tetraplegic patients,
shoulder muscles play a key role in pushing-up motion,
reaching action and trunk support. Some studies
reported that serratus anterior muscle, upper part of
pectoralis major muscle and latissimus dorsi muscle
might play important roles in ADL, especially in
transfer motion.7 ± 10 There are many measurements of
upper extremity function among tetraplegics, but few
evaluate shoulder function. Zancolli's classi®cation
mainly evaluates forearm function for recostructive
surgery.11 The American Spinal Injury Association
(ASIA) classi®cation includes evaluation of the
strength of deltoid muscle but not of other muscles of
the shoulder girdle.12

We propose that the strength of the serratus anterior
muscle, upper part of pectoralis major muscle and

latissimus dorsi muscle may greatly in¯uence the ADL
among C6 complete tetraplegic patients. The aim of
this study was to examine the relationship between the
strength of those three shoulder muscles and the
Functional Independence Measure (FIM)13 motor
score among patients with C6 complete tetraplegia.

Subjects

Subjects were 14 C6 complete tetraplegic patients (two
females and 12 males) discharged from the National
Murayama Hospital during a 3-year period from 1995
to 1997, with a mean age of 30.7 years (range 13 ± 62
years). Neurological level and impairment scale were
determined according to the standard of ASIA12 Mean
length of time from injury was 462.0 days (169 ± 1080).

Method

FIM motor score and ASIA motor score of all
subjects were assessed on discharge by two physia-
trists. The information of activities of daily living was
gathered from observation and interview with patients,
therapists and nurses. Same physiatrists evaluatedCorrespondence: Dr T Fujiwara
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muscle strength for bilateral scapular abduction and
upward rotation, shoulder vertical adduction and
shoulder extension by manual muscle testing
(MMT).14 The total shoulder strength score was
de®ned as the sum of those six MMT scores: (1) We
examined relationships among the ASIA motor score,
total shoulder strength score and FIM motor score;
(2) Among FIM items we focused on the bed-wheel
chair transfer item and examined the relationships of
this item to the ASIA motor score and total shoulder
strength score; (3) According to the FIM score for
bed-wheelchair transfer, we classi®ed the subjects into
two groups: Independent and Dependent. The subjects
in the Independent Group had scored 6 or more
points in bed-wheelchair transfer, while the Dependent
Group scored below 6 points. A score of 6 or higher
indicates the ability for the patient to make the
transfer without assistance. A score below 6 points
indicates the need for such assistance. Age, ASIA
motor score and total shoulder strength score of each
group were analyzed. Statistical analysis was per-
formed using the Spearman's rank correlation test and
Mann-Whitney test.

Results

Mean FIM motor score was 53.2 (25 ± 72), mean ASIA
motor score was 20.1, (15 ± 24), and mean total
shoulder strength score was 24.6 (20 ± 28).

ASIA motor score ± FIM motor score
The ASIA motor score moderately correlated with the
FIM motor score. Spearman's rank correlation
coe�cient was 0.73 (P50.01) (Figure 1). Although
®ve subjects had the same ASIA motor score (22
points), the FIM motor scores ranged widely among
these patients (47 to 72).

Total shoulder strength score ± FIM motor score
Figure 2 shows the relationship between the total
shoulder strength score and the FIM motor score. The
total shoulder strength score correlated signi®cantly
with the FIM motor score. Spearman's rank correla-
tion coe�cient was 0.95 (P50.001). Five subjects had
a total shoulder strength score of 28 points, whereas
their FIM motor scores were all over 60 points (64 ±
72).

We performed statistical comparison of correlation
coe�cients of the total shoulder strength score with
the FIM motor score and of the ASIA motor score
with the FIM motor score. There was a statistically
signi®cant di�erence in those two correlation coeffi-
cients (P50.05).

ASIA motor score ± transfer item score
Figure 3 shows the relationship between the ASIA
motor score and FIM transfer score. The ASIA

motor score correlated with the FIM transfer score,
and the Spearman's correlation coe�cient was 0.64
(P50.01).

Total shoulder strength score ± transfer item score
Figure 4 shows the correlation of the total shoulder
strength score with the FIM transfer score. The total

Figure 1 Relationship between ASIA motor score and FIM
motor score: The ASIA motor score moderately correlated
with the FIM motor score. Spearman's rank correlation
coe�cient was 0.73 (P50.01). Small closed circle indicated
one subject and larger closed circle two subjects

Figure 2 Relationship between total shoulder strength score
and FIM motor score: The total shoulder strength score
signi®cantly correlated with the FIM motor score. Spear-
man's rank correlation coe�cient was 0.95 (P50.001). Small
closed circle indicated one subject and larger closed circle two
subjects

Shoulder muscle strength and FIM
T Fujiwara et al

59



shoulder strength score signi®cantly correlated with the
FIM transfer score. The Spearman's correlation
coe�cient was 0.93 (P50.001). There was a statisti-
cally signi®cant di�erence between correlation coeffi-
cient of the total shoulder strength score and that of
the ASIA motor score with the FIM transfer score.
P50.05).

Transfer independent and dependent groups
The Independent Group included eight subjects and
the Dependent Group 6 subjects. The two females were
included in the Dependent Group. The mean age of the
Independent Group was 26.8 (13 ± 47) and that of the
Dependent Group was 35.8 (16 ± 62), a di�erence which
was not signi®cant.

The mean ASIA motor score for the Independent
Group was 21.5 (18 ± 24) and that for the Dependent
Group was 18.3 (15 ± 22), which was not statistically
signi®cant. (Figure 5).

The mean total shoulder strength score for the
Independent Group was 27.2 and that for the
Dependent Group was 21.1 (Figure 6). These values
indicated a statistically signi®cant di�erence (P50.05).

Figure 3 Relationship between ASIA motor score and Bed-
Wheelchair transfer item score of FIM: The ASIA motor
score moderately correlated with the FIM transfer score.
Spearman's rank correlation coe�cient was 0.64 (P50.01).
Small closed circle indicated one subject, medium circle did
two subjects and large one did three subjects

Figure 4 Relationship between total shoulder strength score
and Bed-Wheelchair transfer score of FIM: The total
shoulder strength score signi®cantly correlated with the
FIM transfer score. Spearman's rank correlation coe�cient
was 0.93 (P50.001). Small closed circle indicated one subject,
medium circle did two subjects and large one did seven
subjects

Figure 5 Mean ASIA motor score of transfer independent
group and dependent group: The mean ASIA motor score for
the independent group was 21.5 and that for the dependent
group was 18.3. No statistically signi®cant di�erence was
found. (Mann-Whitney test)

Figure 6 Mean total shoulder strength score of transfer
independent group and dependent group: The mean total
shoulder strength score for the independent group was 27.2
and for the dependent group was 21.1. *These values
indicated a statistically signi®cant di�erence (P50.05).
(Mann-Whitney test)
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Discussion

Predicting functional outcome is an important issue in
rehabilitation of spinal cord injuries. Neurological
level, completeness of paralysis, spasticity, age and
sex have some a�ect on functional outcome. Many
authors agree that the neurological level is the most
important factor for predicting functional outcome.1,3,7

C5 tetraplegic patients are independent only in eating
and with indoor wheelchair locomotion,3,7 while C7
tetraplegics are almost independent with self-care
items, transfer and wheelchair locomotion.2,7 Subjects
with C5 and C7 neurological level injuries generally
tend to have consistent functional abilities which are
determined by their neurological level. However, some
patients with spinal cord lesions at C6 can achieve total
independence in self-care and transfer tasks while
others cannot. The degree of disability varies widely
among C6 complete tetraplegic patients in comparison
with that in other levels of injuries.1 ± 4

In general, there are wide di�erences in the FIM
motor score despite the same neurological level (C6)
and similar ASIA motor scores. Compared with the
total shoulder strength score, the ASIA motor score
roughly re¯ected the FIM motor score and FIM
transfer item score. The correlation coe�cient between
total shoulder strength score and FIM motor score
was higher than that between the ASIA motor score
and FIM motor score.

In the transfer item of the FIM, there was a
statistically signi®cant di�erence in the total shoulder
strength score between the Independent and the
Dependent Groups. The total shoulder strength score
re¯ects the strengths of serratus anterior muscle,
upper part of pectoralis major muscle and latissimus
dorsi muscle. The ASIA motor score includes only the
strength of the deltoid muscle among the shoulder
girdle muscles. In transfer and push-up motions,
tetraplegic patients need to lift and move their
bodies by the upper extremities. It is supposed that
the muscles in the shoulder girdle, especially the
serratus anterior muscle, upper part of pectoralis
major muscle and latissimus dorsi muscle, play a key
role in those motions.7 ± 10 The serratus anterior
muscle is innervated from C5 to C7, the upper part
of pectoralis major from C5 to C7, and the latissimus
dorsi muscle from C6 to C8.15 Therefore, these
muscles are partially innervated among C6 tetraple-
gics according to neurological anatomy. Shoulder
muscle strength could re¯ect the degree of disability
among C6 complete tetraplegics, and functional
variation depend on the degree of strength in these
muscles.

Our ®ndings are based on new spinal cord injury
subjects just post-rehabilitation. We must wonder
whether over time, say 4 ± 10 years post injury, the
in¯uence of shoulder muscle strength on function
changes or is superseded by other less physical factors
(eg depression, social support, lifestyle, employment,
etc).

We concluded that these three shoulder muscles
play an important role in functional independence,
especially in relation to transfer tasks among C6
complete tetraplegics. Total shoulder strength score is
correlated with the functional level which C6 complete
tetraplegic patients have already achieved. The
predictive aspect of total shoulder strength score is
still to be done.
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