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Biceps vs extensor carpi radialis recovery in Frankel grades A and B in 

spinal cord injury patients 
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Clinical literature suggests that the wrist extensors show a trend of achieving 
functional strength earlier than the biceps after spinal cord injury (SCI). Basic 
research, however, demonstrated that proximal muscles recover earlier than 
distal muscles after partial denervation. The purpose of this study was to 
compare biceps to extensor carpi radialis (ECR) recovery of muscle strength in 
39 motor complete cervical SCI patients. Bice,es (n = 19) and ECR (n = 20) 
with a 72 hour or 1 week motor grade of 1/5 were compared. Testing was 
performed weekly for 1 month, and again at 2, 3, 6 and 12 months post injury. 
The median recovery times to increase one motor grade were: biceps = 2 
months and ECR = 2.5 months (p < 0.3). The median recovery times to 
increase two motor grades were: biceps = 2 months and ECR = 3 months 
(p < 0.4). In conclusion, there was no significant difference between the rates of 
recovery of the biceps and the ECR up to 12 months post SCI. 

Keywords: spinal cord injury; upper limit muscle recovery; wrist extensor 
muscles; biceps muscle. 

Introduction 

Several studies from this center have evalu
ated the time course of recovery of the 
muscles of the upper extremities following 
traumatic spinal cord injury (SCI).1-3 These 
studies have been done to determine the 
time necessary for denervated muscles to 
regain functional strength. As stated by 
Ditunno et ai, they are also important for 
the purpose of determining the effects of 
various interventions on patient outcome in 
both acute and chronic settings. 1 In a 
prospective study of 32 patients with SCI 
who had no initial strength (motor grade of 
0/5) in the zone of partial preservation, 
Wu et al2 were able to support Stauffer's4 
hypothesis that nerve root function im
proves at the zone of injury. Comparing 
motor recovery of patients with an initial 
motor grade of 1/5 and patients with an 
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initial motor grade of 2/5, Mange et al 
showed that initial strength is a significant 
predictor of recovery time.3 Ditunno et al 
combined elements of these two studies to 
compare motor recovery of patients with 
some degree of initial muscle strength 
(motor grade of 1/5 or 2/5) to patients with 
no initial muscle strength (motor grade of 
0/5).1 In this multicenter study, it was 
concluded that muscles with some initial 
strength were able to regain a functional 
level earlier than muscles with no initial 
strength. 

All three of the above mentioned studies 
were designed to evaluate motor recovery 
solely as a function of initial muscle 
strength. Ditunno and associates demons
trated that the motor recovery of the exten
sor caq)i radialis (ECR) recovered to at 
least 3/5 if the initial motor grade of the 
ipsilateral biceps on the initial post-SCI 
manual muscle test was 3/5.5 While Ditunno 
and his associates did not specifically com
pare motor recovery between two different 
muscles, they suggested that the wrist exten
sors with some initial motor power showed a 
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trend of achieving functional strength ear
lier than the biceps with some initial motor 
power. l If true, this finding would not be 
consistent with human6 and animaC studies 
which suggest a direct correlation between 
nerve length and recovery time after partial 
denervation. The present study was de
signed to test the hypothesis that the ECR 
begins to recover muscle strength earlier in 
the post-SCI period than the biceps after 
partial denervation. 

Methods 

This prospective study followed motor com
plete (Frankel A and B) subjects8 with 
cervical spinal cord injury (SCI) and gun 
shot wounds (OSW) to 6 months post 
injury. Hereafter, both SCI and OSW sub
jects will be grouped together as SCI sub
jects because there was no difference in the 
rates of recovery. Comparisons were made 
for the times at which the biceps and 
extensor carpi radialis (ECR) increased by 
one and two manual muscle testing (MMT) 
grades. Recovery of muscle strength was 
determined by manual muscle testing 
(MMT) utilizing a grading scale of the 
Medical Research Council (MRC)9 and 
the American Spinal Injury Association 
(ASIA)1O (0, 1, 2, 3, 4, and 5) and incorpor
ating half grades (0.5) to further identify 
strength between the basic grades. There
fore, in this study, the muscles tested were 
graded 0, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 5 
where: 0 = total paralysis; 1 = some palp
able or visible contraction of muscle but no 
movement of body part; 1.5 = movement 
but not through a full range of motion 
(ROM) with gravity eliminated; 2 = move
ment through a full ROM with gravity 
eliminated; 2.5 = same as 2 but also with
standing minimal resistance; 3 = movement 
through a full ROM and against gravity; 
3.5 = same as 3 and withstanding minimal 
resistance; 4 = same as 3 and withstanding 
moderate resistance; 4.5 = same as 3 and 
withstanding almost normal resistance; 
5 = same as 3 and withstanding maximum 
(normal) resistance. This grading system has 
been utilized in previous studies reported 
from our center. 3,1l-13 At our center, inter
rater reliability of the MMT was determined 

by having four raters from our trained staff 
test six subjects with SCI on five upper 
extremity muscles. Data were analyzed by a 
generalized Kappa.14 There was substantial 
agreement between the raters for the upper 
extremity muscles (k = 0.64). Manual 
muscle testing, as a measure of strength, for 
grading key muscles has also been found to 
be reliable at other centers. 15,16 Approxi
mately 520 patients were admitted to the 
Regional Spinal Cord Injury Center of 
Delaware Valley (RSCICDV) between 
March 1988 and January 1992. Twenty-five 
percent of the patients in our center had 
complete cervical spinal cord injuries as 
defined by ASIA 10 and Frankel. 8 To be 
included in the study, every subject must 
have been admitted to the RSCICDV within 
1 week of injury, and must also have 
undergone a neurological examination and 
MMT between 3 and 7 days post injury. At 
the time of the 72 hour MMT or 1 week 
MMT, each subject must have presented as 
a motor complete (Frankel classes A and 
B)8 cervical spinal cord injury with the most 
rostral muscle in the zone of partial preser
vation (ZPP) being either the biceps (C4 
injury) or the extensor carpi radialis (C5 
injury). 10 

The muscle to be studied must have had a 
muscle grade of 1/5. We followed the MRC 
system of muscle testing where no attempt 
was made to separate the extensor carpi 
radialis longus (ECRL) from the extensor 
carpi radialis brevis (ECRB); the two 
muscles were tested as one muscle. If a 
subject's biceps were to be studied, then 
that subject must have had normal pin 
sensation to the level of C4 on the same 
side. This criteria eliminated patients who 
had sustained higher levels of injury with 
extended ZPPs. If a subject's ECR was to be 
studied, then that subject must also have 
had a motor grade greater than or equal to 
3/5 in the ipsilateral biceps. It is important 
to note that the neurological levels assigned 
to patients at the time of admission were not 
used as criteria for inclusion into or exclu
sion from the study. This choice was made 
because some SCI patients had changes in 
neurological level between the time of 
admission and 72 hours post injury. Brown 
and associates have shown that the 72 hour 
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MMT is a better predictor of recovery in the 
ZPP than the MMT done on the day of 
injury. 13 Herbison et all? showed that the 72 
hour and 1 week periods are similar and 
represent the best times to evaluate strength 
for research and prognostic purposes. 
Patients were excluded from the study if a 
fracture of the extremity to be studied was 
present. Other physical or psychological 
impairments that would affect evaluation 
also disqualified patients from participating 
in the study, as would an inability to follow 
instructions. Informed consent was obtained 
from all of the patients to conduct MMT 
testing procedures and to utilize the infor
mation from the testing in a publication. 

For the purpose of this study, the sub
jects, on admission, were classifiedlO as 
neurological levels C4 (n = 30) and C5 
(n = 9) with the following motor levels C4 
(n = 17) and C5 (n = 22). When reevalu
ated between 3 and 7 days post injury, the 
patients were reclassified based on the 
above described rigid criteria for inclusion 
into the study. The 39 subjects were re
grouped as neurological levels C4 (n = 34) 
and C5 (n = 5) with the following motor 
levels C4 (n = 20) and C5 (n = 19). The 
group of which 38 were male and one was 
female, ranged in age from 16 to 68 years 
old with an average age of 29 years old. The 
causes of injuries were 7/39 gun shot wound, 
14/39 diving, 9/39 motor vehicle accident, 
4/39 fall, one train accident, one dirt bike, 
one person-to-person contact, one ice 
hockey, and one waterslide. 

Two groups were identified based on the 
results of MMT done between 3 and 7 days 
post injury. Group B (n = 19) comprised 
those subjects with an initial biceps motor 
grade of 1/5 or 1 + /5. Group E (n = 20) 
consisted of those subjects with an initial 
ECR motor grade of 1/5 or 1 + /5. Immedi
ately post SCI, six of the subjects in group B 
were on high dose steroids, as well as 14 of 
the subjects in group E. 18 

A number of subjects from both groups 
underwent surgery at some time since their 
accidents. Twelve of the 19 subjects in group 
B had operations: four underwent anterior 
cervical fusion (ACF); four underwent pos
terior cervical fusion (PCF); two underwent 
ACF and PCF; one underwent ACF and 
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vertebral fracture repair (VFR); and one 
underwent PCF and VFR. Fifteen of the 20 
subjects in group E had operations: four 
underwent PCF; two underwent ACF and 
PCF; four underwent ACF, PCF, and exci
sion vertebral disc (EVD); one underwent 
ACF, EVD, and partial osteoectomy (PO); 
one underwent ACF, PCF, and PO; one 
underwent ACF and PO; one underwent 
ACF, PCF, EVD, and PO; and one under
went PO and posterior lumbosacral fusion 
(PLSF). 

Subjects in both groups were retested 
weekly for 1 month and again at 2,3,6 and 
12 months post SCI. Two of the subjects 
from group B and four of the subjects from 
group E were followed to 12 months. 
Recovery of muscle strength as indicated by 
an increase in motor grade was followed to 
two endpoints. For each group, recovery 
was followed to an increase of one motor 
grade and an increase of tWo or more motor 
grades with no more than one subsequent 
decrease in motor grade nor any single 
decrease in motor grade greater than 1/5 at 
any subsequent time. For example, if a 
subject received a motor grade of 3/5 at 2 
months post injury, he/she was said to have 
achieved success at 2 months if he/she had 
no more than one subsequent motor grade 
less than 2/5. Recovery time was defined as 
the time interval at which a given subject 
achieved success. The statistical analysis was 
performed utilizing the median test and the 
Kruskal-Wallis test. 19 The statistical analysis 
was done using the data up to 12 months. 
There were too few patients receiving either 
initial high dose steroids and/or no surgery 
to separately analyze their effects on re
covery. Differences in the time to recovery 
comparing the biceps to the extensor carpi 
radialis were considered significant if 
p � 0.05. 

Results 

Recovery of one motor grade 
The recovery times for the subjects in group 
B (n = 19) ranged from 1 week to 12 
months post injury (Table I, Fig 1). The 
median recovery time for this group was 
calculated to 2 months. Recovery times 
ranged from 1 week to 6 months for the 20 
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Table I Recovery time (biceps) 

Patient 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

Time to recover 
1 motor grade 

2 months 
2 weeks 
3 months 
6 months 
2 months 

12 months 
2 months 
3 weeks 
2 weeks 
2 months 
2 months 
3 weeks 
2 months 
3 months 
2 months 
1 month 
2 months 
1 week 
1 week 

Time to recover 
2 motor grades 

2 months 
1 month 
3 months 
6 months 
2 months 

12 months 
2 months 
3 weeks 
2 weeks 
2 months 
2 months 
6 months 
2 months 
3 months 
6 months 

12 months 
2 months 
2 weeks 
2 weeks 

MMT = manual muscle test; NT = not testable. 

Time in weeks 

Figure 1 ECR and biceps: time to recover one 
motor grade for patients at each time period 
(not cumulative). 

subjects in group E (Table 2, Fig 2). The 
median recovery time calculated for this 
group was 2� months. The significance in 
recovery times to 12 months between the 
biceps and the ECR was p < 0.3. 

Recovery of two motor grades 
Seventeen of the 19 subjects in group B 
achieved success by 6 months with the 
earliest recovery time being 2 weeks. The 
other two subjects did not achieve success 

MMT MMT MMT 
1 month 3 months 6 months 

1+ 3+ 3+ 
3 3+ 2+ 
1+ 4 4+ 
1+ 1+ 4 
1+ 3 3+ 
1 0 1+ 
1+ 4+ 5 
4 4+ 4+ 
NT 2+ 4 
1+ 3+ 3+ 
NT 4 2+ 
2+ NT 4+ 
NT 4 4+ 
0 3+ 4 
1+ 1+ 4 
2 2 1+ 
1 NT 4+ 
4 NT NT 
4+ 5 5 

until 12 months (Table 1, Fig 1). The 
median recovery time for these subjects was 
2 months. For group E ( n = 20), four 
subjects did not achieve success by 6 months 
post injury but they achieved success by 12 
months. The recovery times for this group 
ranged from 2 weeks to 12 months with the 
median calculated as 3 months (Table 2, 
Fig 2). There was no significant difference in 
median recovery times between the biceps 
and the ECR (p < 0.4). 

Discussion 

Based on the results of this prospective 
study, we reject the hypothesis that the 
ECR begins to recover muscle strength 
earlier in the post-SCI period than the 
biceps after partial denervation. There was 
no significant difference in recovery be
tween the biceps and ECR up to 12 months 
post SCI. Ditunno and associates have 
described possible mechanisms of motor 
recovery occurring in three different 
windows of time post SCI. 5 The different 
windows of recovery were not distinct. The 
mechanisms that explained the recovery of 
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Table II Recovery time (extensor carpi radialis) 

Patient Time to recover Time to recover 
1 motor grade 2 motor grades 

1 6 months 6 months 
2 6 months 6 months 
3 6 months 12 months 
4 1 week 2 weeks 
5 2 weeks 3 months 
6 1 month 1 month 
7 3 weeks 3 weeks 
8 3 months 6 months 
9 6 months 6 months 

10 1 month 1 month 
11 3 months 3 months 
12 6 months 12 months 
13 3 months 3 months 
14 2 months 2 months 
15 6 months 12 months 
16 2 weeks 2 weeks 
17 2 months 2 months 
18 6 months 12 months 
19 1 month 1 month 
20 2 weeks 2 months 

MMT = manual muscle test; NT = not testable. 

8 
7 

(/) 6 

� 5 
.� 4 Cl. 
'+- 3 o 
% 2 

Time in weeks 

Figure 2 ECR and biceps: time to recover two 
motor grades for patients at each time period 
(not cumulative). 

strength overlapped the different time 
windows which Ditunno and associates 
characterized as early, middle, and late 
recovery phases.s Mechanisms for improve
ment during these phases included reversal 
of peripheral2o-27 and central nervous sys
tem (CNS) conduction block,28 CNS plasti
city,29-32 peripheral33-39 and CNS sfrout
ing,40.41 muscle fiber hypertrophy, 4 and 
axonal regeneration. 43-46. 

A reversal of peripheral conduction block 
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MMT MMT MMT 
1 month 3 months 6 months 

1 1 3+ 
0 1 3+ 
1+ 1+ 2+ 
3 4+ 4 
1+ 3 3 
3 3+ 4 
3+ NT 4 
1 2+ 3 
0 1+ 3+ 
3 3+ 5 
1+ 3+ NT 
1 1 2+ 
1+ 3+ 3+ 
1 NT 3 
0 1+ 2+ 
2 3+ 3+ 
NT 3+ 3+ 
1 NT 2 
3+ NT 3+ 
2+ 4+ NT 

in the first few weeks post SCI could have 
occurred at-the root level just outside the 
spinal cord. Microvasculature compression 
could have caused ischemia as a patho
physiological mechanism of conduction 
block.2o.21 It has been suggested that the 
conduction failure from ischemia has a 
metabolic basis,22,23 and that its reversal 
results from restoration of blood flow, 
Reversal of ischemia and correction of 
normal neuronal metabolism may have been 
the explanation for the early recovery phase 
in two patients from group B (patients 18 
and 19) and one patient from group E 
(patient 4) in this study who recovered 
one motor grade within 7 days post SCI 
(Tables I, II). 

Fowler et al suggested that conduction 
block could be caused by disruption of the 
nodes of Ranvier due to the pressure gradi
ent created in a compression injury. 24 There 
is a pressure gradient in the nerve between 
its compressed and uncompressed parts. 
The compression caused a longitudinal 
movement of the axon and its myelin from 
the compression site as well as a disruption 
of the nodes due to the dislocation of the 
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paranodal myelin with the lesions being 
concentrated at the edges of the compress
ion zone.25 Ochao et at also demonstrated 
that compression caused displacement of 
the node of Ranvier with paranodal myelin 
and invagination paranodal demyelination 
followed by degeneration of myelin.25 
Regardless of whether ischemia or myelin 
disruption or both accounted for the con
duction block, the compression was re
sponsible for the loss of conduction.26 Re
covery from conduction block may occur 
within hours, days, several weeks or a few 
months and it does not follow a proximal to 
distal course or any specific pattern of 
recoveryY Since reversal of conduction 
block does not follow a specific pattern of 
recovery, this mechanism could explain the 
similar rates of recovery of the biceps and 
the ECR found in the present study. 

Not only can reversal of conduction block 
be found in the peripheral nervous system, 
but this mechanism of recovery can also be 
seen at the level of the CNS. Recent studies 
have shown that remyelination should lead 
to clinical improvement on the basis of 
reversal of conduction block in the central 
nervous system.28 Therefore, recovery 
within the spinal cord of the upper motor 
neurons and/or recovery of conduction of 
the intraspinal cord lower motor neurons 
could contribute to the recovery of strength 
post SCI. 

Another mechanism in SCI recovery is 
the plasticity of the central nervous system. 
Plasticity can occur by reinstitution of con
duction in demyelinated axons in the ab
sence of remyelination and/or new transmis
sion at previously inactive synaptic sites.29,30 
The �tructure of the axolemma is not static 
but highly dynamic, and plasticity can en
dow the axon with its capability to reorgan
ize and restore conduction in demyelinated 
axons so that action potentials can trans
verse the zone without myelin.29,30 At a 
cellular level, conduction through demyelin
ated axon regions can be facilitated by 
several mechanisms, including development 
of excitability in demyelinated regions, and 
impedance matching.30 The Na+K+ chan
nels that were inactive become active. 
Secondly, Dimitrijevic suggested that spinal 
cord plasticity as the result of the modifica-

tion of synaptic transmission after injury 
might play a part in the recovery process.31 
After a spinal cord injury, there may be a 
transfer of function from undamaged path
ways responsible for discrete muscle activity 
to neurons that lost suprasegmental control 
due to the SCI. This transfer of control may 
result in recovery of function of upper 
motor neuron denervated lower motor 
neuronsY The time period in which plasti
city may play a part is not known. In the 
present study, if the mechanism of plasticity 
contributed to recovery, then it operated on 
a similar basis for proximally and distally 
innervated muscles. 

There are two other mechanisms of re
covery that may account for improvement in 
strength post SCI: sprouting in the peri
pheral and central nervous systems and 
muscle fiber hypertrophy of intact motor 
units. Partial denervation is followed by 
sprouting of intact axons which could lead to 
peripheral reinnervation of the adjacent 
denervated muscle fibers.33-36 The stimulus 
for sprouting reportedly is a transient signal 
which can be effective soon after denerva
tion, but might decrease subsequently.37 
Recently, Massey & Sanders34 described the 
time course and dynamics of de nervation 
and reinnervation following nerve trauma. 
According to their study, fibrillations were 
seen as early as 15 days post injury, peaked 
at 29 days, and had decreased again by 37 
days post injury. In the same study, fiber 
density, evidence of peripheral sprouting, 
increased at 21 days and jitter increased at 
15 days post injury, and both reached 
maximal values at 37 days. These results 
were interpreted to indicate that the func
tional contact had been made between 
collateral sprouts and muscle by 21 days. 
This type of recovery occurred later than 
reversal of conduction block and could 
explain the recovery of strength in the 
biceps and the ECR as early as 1 month post 
SCI. Patients who did not have complete 
recovery probably had such a marked loss of 
motor units that the remaining intact motor 
units could not compensate for the loss of 
motor neuron pool. 3 Hansen & Ballantyne 
reported that reinnervation in motor neuron 
disease was sufficient to compensate com
pletely for the loss of up to 50% of the 
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motor neuron pool supplying the muscle. 38 
Gordon and her coworkers found that single 
motor units enlarged up to five times their 
original size in the hand muscles of quadri
plegic subjects, resulting in the ability to 
compensate for up to 80% of motor neuron 
loss.36 Most of the subjects in the present 
study did not recover completely. There
fore, these subjects presumably had greater 
than 50-80% denervation at the time of 
SCI. 

In a study of peripheral sprouting utilizing 
botulinum toxin, Pestronk & Drachman 
reported a 20- to 30-fold higher incidence of 
sprouting in the rhomboid than in the soleus 
and lumbrical muscles of rats, within the 
same time period after the administration of 
the botulinum. 7 They suggested that the 
variations were related to differences in 
the intrinsic capacities of axons, and that 
sprouting and repair mechanisms may be 
less efficient in longer nerves resulting in a 
reduced ability to recover. Electrophysio
logic studies in humans tend to support the 
proximal to distal relationship of peripheral 
sprouting as determined by the disappear
ance of fibrillation potentials, first in prox
imal and then in distal muscles after partial 
denervation.6 In the present study, there 
was no significant difference in the recovery 
of biceps vs ECR. This may be due to the 
comparable length of the axons supplying 
both muscles. A study of muscles innervated 
by axons of markedly different lengths may 
support Pestronk & Drachman's finding in 
animals of early recovery of proximal vs 
distal muscles. 7 

There is also the possibility of axonal 
sprouting in the CNS axons. Sprouting is the 
response of the uninjured axons to the 
partially denervated area of the central 
nervous systemY Kalil & Reh suggested 
that recovery of function in the mammalian 
CNS involved sprouting of intact axons into 
a foreign territory that had been denervated 
by damage to its normal inputs.39 More 
recent studies have shown that sprouting 
occurred locally into denervated regions of 
the spinal cord and that sprouting appeared 
to arise in response to local signals within 
the cord and not to long distance cues.40 

Muscle fiber hypertrophy is another 
mechanism of recovery that may occur 
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concomitantly with peripheral sprouting.5 
Muscle fiber hypertrophy has been des
cribed in patients who had poliomyelitis 
after an estimated 41-87% loss of lower 
motor neurons.41 Although Ditunno et al5 
suggested that muscle fiber hypertrophy 
contributed to the recovery of strength 
between 2 and 6 months post SCI, it would 
be of interest to identify the exact time 
course and degree of muscle fiber hyper
trophy after SCI. 

Axonal regeneration, a mechanism re
sponsible for late recovery, can be modified 
by local conditionsY Axonal regeneration 
could occur if there was damage to the root, 
but not if there was damage to the anterior 
horn cell. Regeneration of an axon begins 
with growth of neuronal branches origina
tion from intact Schwann cell columns.26 In 
their study, Bowden & Sholl showed that 
the rate of regeneration declined with dist
ance.42 Several studies of motor fiber re
generation have proposed different numer
ical values for the actual mean rate. Rates 
calculated by clinical observation of the 
return of voluntary motor activity range 
from 1.7 mm/day29.43 to 4.4 mm/day,29.44 
while electromyographic studies have shown 
regeneration rates that range in value from 
1 mm/day29.45 to 3.4 mm/day.29.46 Clinicians, 
in general, use the rate of 1 mm/day 
(approximately 1 in/month) in practice.27 
Considering that the distance between the 
spinal cord and both the biceps and the 
ECR is at least 12 inches in an average-sized 
adult, this mechanism could explain poten
tial recovery after 12 months post SCI. This 
mechanism may explain recovery, but not in 
the time frame of the patients followed in 
the present study. 

In conclusion, there was no significant 
difference in recovery between biceps and 
ECR although there was a trend of earlier 
recovery of the biceps compared to the 
ECR. Since there was a similar pattern of 
recovery in the biceps and ECR, it appears 
justifiable to group biceps and ECR with a 
1/5 MMT grade for the purposes of evaluat
ing recovery post SCI. Based on Pestronk & 
Drachman's7 study, it would be of interest 
to further evaluate recovery of strength of 
biceps vs more distal muscles to determine if 
proximal muscles recover at a faster rate 
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than distal muscles due to peripheral sprout
ing. 
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