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SCI: Epidemiology
• 17,000 people/year in the US 
•More common than:
•GBM (~12,000)
• operative meningiomas (~15,000)
• ruptured AVMS (~3,000)
• spinal cord tumors (2,700) 

• high prevalence: 243,000 -347,000
• lifetime cost: $1.1 – $4.7 million
• a total societal cost: $267–$1,631 

billion   
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Data Registries

• Not possible to create RCT

• Retrospective studies are limited

• Prospective studies are  considered the 
gold standard at this point
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• Transforming Research and Clinical 
Knowledge in SCI (TRACK-SCI) 

• Funded in 2013 by the Department 
of Defense (DoD) 

• Prospectively collected 
comprehensive data repository for 
all SCI across 3 sites 

TRACK-SCI
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• TRACK-SCI
• Multi-center, prospective data registry
• Highly granular 20,000 variables per patients
• Data collection began June 2016

• Inclusion Criteria
• Injury on or before July 2018 (12 months follow up)
• Injury treated with surgery
• Cervical lesion
• Patient survived injury until discharge
• Patient able to participate in motor exam throughout hospital stay

• Statistical Analysis
• Separate patients by time to OR: Ultra-Early group (< 12 hours), 

Early group (12-24 hours), and late group (>24 hours)
• Combined bilateral lower extremity motor exam improvement

N Percentage (%)
Fracture Type

Central 
Cord

17 48.6%

AO-A 7 20.0%
AO-B 6 17.1%
AO-C 5 14/3%

MRI characteristic
BASIC-1 8 22.3%

BASIC-2 8 22.3%
BASIC-3 8 22.3%
BASIC-4 6 17.1%

Unable to 
Det

5 14.3%

Surgical intervention
Surgery 35 100.00%

Anterior 
Only

3 8.6%

Posterior 
Only

27 77.1%

Ant. and 
Post.

5 14.3%

Early Surgery
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• 3 sites: SFGH, UCSF Fresno, OSU
• Approaching 200 enrollment
• Diversity of patient presentation and injury type

TRACK-SCI
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• Large amount of central cord data
• Bimodal age of presentation (M>F)
• 12-month follow up
• Very accurate time to OR

TRACK-SCI
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• Early surgery after cervical SCI may limit 
secondary injury

• 2017 consensus guidelines (Fehlings et al) 
recommend surgery within 24 hours of 
injury.

Early Surgery
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Controversial topic!

Early Surgery
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• Pilot data: large effect of surgical timing 

ULTRA-EARLY SURGERY CORRELATES WITH SCI OUTCOME

FIGURE !. Effect of time to surgery on improvement in American Spinal
Injury Association Impairment Scale (AIS) grade. The average improvement
in AIS grade from admission to discharge is shown on the y-axis for patients
categorized by the time to surgery on the x-axis. The error bars are the standard
error on the means. The asterisks mark statistically significant (P < .05)
comparisons by t-test. The rightmost bar represents the same data for all patients
categorized in the traditional early group (0-24 h).

group compared to 0.5 for the early group (Figure 1). However,
there was no difference between the late and the early groups
(P = .76). In addition, when the early and the ultra-early groups
were combined to create the “traditional early” group (<24 h),
there was no significant difference between the traditional early
and the late groups (0.83, P= .40). These data are summarized in
Figure 1 and suggest that the entire benefit of early decompression
occurs within the first 12 h after injury.
We next determined whether ultra-early versus not ultra-early

decompression correlated with an increase probability to convert
to a less impaired state. Figure 2 shows, for each patient, how
the AIS differed from admission to discharge. We particularly
wanted to quantify how many AIS grade A patients converted
to higher AIS scores, as this represents a major clinical change
for the patient. We therefore counted all AIS A patients on
admission who increased at least 1 AIS grade in the ultra-early
group compared to all other groups. Of the 9 total AIS A patients
in the ultra-early group, 8/9 (88.9%) converted to a higher grade.
Of the 13 total AIS A patients in the combined early and the late
groups, 4/13 (30.8%) converted to a higher grade. Applying a 2-
tailed Fisher’s exact test revealed that this result trended toward
significance (P = .054).

FIGURE ". Improvement in American Spinal Injury
Association Impairment Scale (AIS) grade by patients.
Each line is a patient, and the AIS grade on admission is
shown on the left, and the AIS grade on discharge is shown
on the right.

Of note, these differences were not driven by baseline differ-
ences in LOS and AIS scores within the early and ultra-early
group. First, there was no significant difference in the LOS in the
ultra-early, early, and late groups using unpaired t-tests (P> .05 in
all comparisons). Similarly, we next tested whether age or injury
severity differed in the ultra, early, and late groups, and found no
statistically significant differences between the groups (P > .05 in
all comparisons).

DISCUSSION

Key Results
We retrospectively analyzed data from 48 patients with cervical

SCI. The mean time from injury to ED for these patients was
17 min, so these times are effectively injury to surgery.We showed
that ultra-early surgery correlates with a higher rate of conversion
from complete to incomplete SCI. Furthermore, the improved
outcome with early surgery was entirely encapsulated in the ultra-
early (<12 h) time window. As a corollary, these data suggest
that if surgical decompression after SCI is not done within the
ultra-early time periods, early surgery (12-24 h after injury) has
no relative benefit compared with late surgery. In this cohort of
patients, the therapeutic value of surgery on neurological recovery
was lost after 12 h elapsed.

Interpretation and Generalizability
Present data highlighting the benefit of ultra-early decom-

pression in acute SCI are consistent with growing body of
clinical literature on this topic. Although the perioperative condi-
tions associated with surgery (positioning, relative hypotension,
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1. Reduce the variability in existing literature
• Early surgery (< 24 hours) is associated with increased motor recovery after SCI.
• Collectively with other prospective data, suggests that surgery < 24 hours should be standard of care

Conclusions
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1. Reduce the variability in existing literature
• Early surgery (< 24 hours) is associated with increased motor recovery after SCI.
• Collectively with other prospective data, suggests that surgery < 24 hours should be standard of care

2. Identify an optimal window for early surgery 
• We found that surgery within the ultra-early time window (<12 hours) is associated with improved 

recovery in the post-op period
• Further prospective data are needed to determine what effect this immediate recovery has on long 

term outcomes

Conclusions
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2. Identify an optimal window for early surgery 
• We found that surgery within the ultra-early time window (<12 hours) is associated with improved 

recovery in the post-op period
• Further prospective data are needed to determine what effect this immediate recovery has on long 

term outcomes

3. What is a “complete” injury in the early time period?
• We found that patients in the early group had a high rate of AIS grade conversion
• In ultra-early time window, the clinical exam is confounded by spinal shock, and other factors
• We argue that a poor AIS grade should not influence surgical decision 

Conclusions
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thorough evaluation of the patient with SCI and high-risk 
presentation (e.g., male sex, age < 45 years, impairment 
on the Glasgow Coma Scale, and chest injury from falls 
> 10 feet or due to motor vehicle accidents > 45 miles per 
hour).18 Computed tomography is the first-line imaging for 
the patient with SCI and polytrauma, because it provides 
rapid imaging with improved visualization of bony frac-
tures. Vertebral column instability secondary to ligamen-
tous injury should be evaluated, and flexor and extensor 
views should be obtained if the cervical spine is involved. 
Magnetic resonance imaging—in particular the sagittal 
T2-weighted sequence—has become the gold standard 
to evaluate active spinal cord compression or vascular 
injury (e.g., spinal cord hemorrhage, contusion, ischemia, 
infarct, and/or edema), as well as evidence of associated 
acute ligamentous injury, including traumatic injuries to 
intervertebral discs and the posterior ligamentous com-
plex (PLC).47 Because MRI is only suitable for those who 
are hemodynamically stable, this can present a challenge 
in the patient with polytrauma. The prognostic ability of 
fat-suppressed T2-weighted MRI to detect acute changes 
seen in ligamentous injury decreases with time following 
trauma. As edema expands with time, the ability of serial 
T2-weighted sagittal MRI to accurately assess lesion se-
verity decreases accordingly.5,49

The traditional classification system for SCI on T2-
weighted MRI consists of Patterns 1–4 (1, normal cord 
signal; 2, hyperintense intramedullary edema with longitu-
dinal extent at a single vertebral level; 3, multilevel edema; 
and 4, mixed hemorrhage and edema) to correlate with in-
jury severity and outcome.3,34 However, in the setting of 
nonhemorrhagic traumatic SCI (Pattern 3 edema), there is 
insufficient correlation between longitudinal edema and 
functional recovery.6 Accordingly, the Brain and Spinal 
Injury Center (BASIC) score was developed in 2015, and 
it is an ordinal scale ranging from 0 to 4, classifying the 
extent of transverse injury following blunt cervical SCI (0, 
no appreciable intramedullary cord signal abnormality; 1, 
intramedullary T2 hyperintensity confined to central gray 
matter; 2, intramedullary T2 hyperintensity extending to 
involve spinal white matter, but not involving the entire 
transverse extent of the spinal cord; 3, intramedullary T2 
hyperintensity involving the entire transverse extent of the 
spinal cord; and 4, Grade 3 injury plus discrete T2 hypoin-
tense foci, consistent with macrohemorrhage). This scale 
showed strong correlations with AIS grade both at admis-
sion and at discharge, with high interrater reliability (kappa 
0.81–0.83).69 The stratification of SCI by using the extent 
of transverse T2 pathology shows promise in enhancing 
injury classification as well as outcome prediction.

Among advanced neuroimaging modalities, fractional 
anisotropy on diffusion tensor imaging showed the stron-
gest evidence as a possible emerging biomarker of func-
tional disability across degenerative cord etiologies and 
SCI,53 but it remains below diagnostic sensitivity and 
specificity thresholds for qualification.

More recently, nonlinear principal component (PC) 
analysis was used to assess the relationship between early 
MRI biomarkers (< 24 hours) and their predictive validity 
on neurological impairment following cervical SCI.37 The 
2 PCs are PC1, which is represented by all imaging vari-

ables, with measures of intrinsic cord compression (BA-
SIC score, linear length of injury, sagittal grade) show-
ing highest loadings; and PC2, which is represented by 
markers of extrinsic cord compression. The PC1 predicted 
AIS at discharge, and among its components, the BASIC 
score consistently demonstrated the strongest distinction 
between severe, moderate, and mild AIS grading. In a 
smaller study by the same authors on thoracolumbar in-
jury, markers of extrinsic cord compression highly corre-
lated with surgical decompression.51 Together, these stud-
ies support the role of T2-weighted MRI and emerging 
statistical tools to delineate clusters of multidimensional 
risk factors impacting critical care decisions and outcome 
following multisystem injury.

Surgical Candidacy and Approach
A number of factors influence the timing and choice of 

surgical management in the patient with polytrauma who 
has SCI. The 2005 Thoracolumbar Injury Classification 
and Severity Score (TLICS) and the 2007 Subaxial Cervi-
cal Spine Injury Classification and Severity Score (SLIC) 
have been widely adopted to guide surgical decision mak-
ing.23,71 Both TLICS and SLIC incorporate the same 3 
categories of injury characteristics: injury morphology, 
integrity of the PLC or discoligamentous complex (DLC), 
and neurological status (Table 1).44,63 The TLICS and 
SLIC sum the patient score in each category, and the final 
score determines the next treatment step. A score < 4 sug-
gests nonoperative management, 4 is borderline, and > 4 
is an indication for operative management. Evidence for 
the safety of TLICS and SLIC has been widely studied in 
both adult and pediatric populations.43

TABLE 1. Comparison of TLICS and SLIC systems
TLICS SLIC

Characteristic Score Characteristic Score

Injury morphology Injury morphology
 No abnormality 0  No abnormality 0
 Compression 1  Compression 1
 Burst component 2  Burst component 2
 Translation/rotation 3  Translation/rotation 3
 Distraction 4  Distraction 4
PLC integrity DLC integrity
 Intact 0  Intact 0
 Indeterminate 2  Indeterminate 1
 Disrupted 3  Disrupted 2
Neurological status Neurological status
 Intact 0  Intact 0
 Nerve root injury 2  Nerve root injury 1
 Complete cord injury 2  Complete cord injury 2
 Incomplete cord injury 3  Incomplete cord injury 3
 Cauda equina injury 3

The TLICS and SLIC are used by summing the patient score in each category 
and using the final score to determine the next treatment step. For each scor-
ing system, a score < 4 suggests nonoperative management, 4 is borderline, 
and > 4 is an indication for operative management.

SCI SCI
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• The timing of the exam (not the 
surgery) had an influence of on 
AIS conversion
• However, the timing of the exam 

did not influence motor score 
improvement

Spinal Cord Injury: Challenges of Early Surgery
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• We have to make surgical decisions 
independent of physical exams

• KEY: standardize timing of neurological 
exams!

• ISNCSCI 
• if no ISNCSCI, then NSGY motor score 

should be done
• both have identical information (TRACK-

SCI result p<0.01, C>0.98)

• Example: Follow up data from 2-3 days 
post injury to 6 months

Spinal Cord Injury: Challenges of Early Surgery
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• Intra-operative neuromonitoring 
was used to predict outcome after 
SCI

Spinal Cord Injury: Beyond the Clinical Exam

22

• Intra-operative neuromonitoring 
was used to predict outcome after 
SCI
• The presence of MEPs predicted 

recovery from admission to 
discharge
• One way to get around the 

unreliable clinical exam

Spinal Cord Injury: Beyond the Clinical Exam

23

• The axial MRI was used to predict 
recovery from admission to 
discharge

Spinal Cord Injury: Beyond the Clinical Exam
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• The axial MRI was used to predict 
recovery from admission to 
discharge
• The BASIC score: developed at 

SFGH
• Predicts recovery independent of 

time to OR and IONM

Spinal Cord Injury: Beyond the Clinical Exam

Jason Talbott, MD
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Spinal Cord Injury: Beyond the Clinical Exam
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Potential Model
SEVERITY(time)  =  MRI Findings(time) + E-phys(time) + Clin. Exam(time)

• Big Data: understand these relationships, know when to intervene

Spinal Cord Injury: Beyond the Clinical Exam

Adam Ferguson, PhD Abel Torres-Espin, PhD
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could not be included in statistical analyses when AIS grade A
patients were excluded.

Patient demographics

Characteristics of studied patients are recorded in Table 1. Pa-
tients with penetrating SCI were significantly less likely to improve
neurologically ( p = 0.006, binomial logistic regression). Patients
with lumbar injuries were significantly less likely to have outcome
data collected for analysis ( p = 0.024, binomial logistic regression).
Although not significant, patients achieving >1 AIS grade im-
provement had substantially longer periods of observation in the
ICU and a longer period of hospitalization potentially provid-
ing greater opportunity for neurological improvement than in
other groups. Although the degree of neurological improvement is

positively correlated with length of stay, the R2 value is only
0.0484, indicating that the strength of this confound is quite weak
(Supplementary Fig. 1; see online supplementary material at
ftp.liebertpub.com).

Of note, 100% of patients with outcome data available needed
pressor administration to achieve MAP goals. An approximately
equal number of patients in each group needed a second vaso-
pressor for blood pressure augmentation. Significantly fewer pa-
tients with missing outcome data were documented as having
undergone surgery. Of those patients initially AIS grade A, a
significantly greater proportion of patients exhibited no neuro-
logical improvement than some improvement. Of those patients
initially AIS grade D, a significantly greater proportion of patients
exhibited a single grade of neurological improvement than no
improvement.

FIG. 2. Average mean arterial pressure (MAP) and proportion of values <85 mm Hg are associated with outcome early after spinal
cord injury in a noncumulative analysis. In (A), average MAP values are plotted in relation to time subsequent to intensive care unit
admission. Values were measured with an arterial line. In (B), the proportion of MAP values below the lower limit of the recommended
blood pressure range (85 mm Hg) are plotted. In (I), all patients with outcome data are plotted, while in (II), patients known to be
American Spinal Injury Association Impairment Scale (AIS) grade A at final neurological examination are excluded. The latter case is
denoted with dashed lines. For (A), the ‘‘n’’ used in statistical testing was the number of blood pressure measures, while in (B), it was
the number of patients.
SCI, spinal cord injury.
*Denotes significance on analysis of variance performed at each time point. Error bars represent standard error.
I: For the group with 0 AIS grade improvement, n = 35 patients; the group with 1 AIS grade improvement, n = 23 patients, and the group
with >1 AIS grade improvement, n = 13 patients.
II: For the group with 0 AIS grade improvement, n = 13 patients; the group with 1 AIS grade improvement, n = 21 patients. and the group
with >1 AIS grade improvement, n = 10 patients. Color image is available online at www.liebertpub.com/neu
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Original Articles

Mean Arterial Blood Pressure Correlates
with Neurological Recovery after Human Spinal Cord Injury:

Analysis of High Frequency Physiologic Data

Gregory Hawryluk,1,3,4 William Whetstone,2 Rajiv Saigal,3,4 Adam Ferguson,3,4

Jason Talbott,5 Jacqueline Bresnahan,3,4 Sanjay Dhall,3,4 Jonathan Pan,6

Michael Beattie,3,4 and Geoffrey Manley3,4

Abstract

Current guidelines for the care of patients with acute spinal cord injuries (SCIs) recommend maintaining mean arterial
pressure (MAP) values of 85–90 mm Hg for 7 days after an acute SCI however, little evidence supports this recommendation.
We sought to better inform the relationship between MAP values and neurological recovery. A computer system auto-
matically collected and stored q1 min physiological data from intensive care unit monitors on patients with SCI over a 6-year
period. Data for 100 patients with acute SCI were collected. 74 of these patients had American Spinal Injury Association
Impairment Scale (AIS) grades determined by physical examination on admission and at time of hospital discharge. Average
MAP values as well as the proportion of MAP values below thresholds were explored for values from 120 mm Hg to
40 mm Hg in 1 mm Hg increments; the relationship between these measures and outcome was explored at various time points
up to 30 days from the time of injury. A total of 994,875 q1 min arterial line blood pressure measurements were recorded for
the included patients amid 1,688,194 min of recorded intensive care observations. A large proportion of measures were below
85 mm Hg despite generally acceptable average MAP values. Higher average MAP values correlated with improved recovery
in the first 2–3 days after SCI while the proportion of MAP values below the accepted threshold of 85 mm Hg seemed a
stronger correlate, decreasing in strength over the first 5–7 days after injury. This study provides strong evidence supporting a
correlation between MAP values and neurological recovery. It does not, however, provide evidence of a causal relationship.
Duration of hypotension may be more important than average MAP. It provides support for the notion of MAP thresholds in
SCI recovery, and the highest MAP values correlated with the greatest degree of neurological recovery. The results are
concordant with current guidelines in suggesting that MAP thresholds >85 mm Hg may be appropriate after acute SCI.

Key words: blood pressure; mean arterial pressure; neurocritical care; neuroprotection; outcome; recovery; secondary
injury; spinal cord injury

Introduction

Spinal cord injury (SCI) leaves patients with often profound
deficits of motor, sensory, sexual, and sphincter function. In

recent decades, we have learned much about molecular secondary
injury processes that cause progressive, delayed damage to the
injured spinal cord1–3; however, we remain without a safe and
efficacious therapeutic agent that targets them.4,5 We have also
learned much of secondary insults such as hypoxia and hypotension
that occur at the level of the organism and serve to exacerbate the
injury to the spinal cord.6–9 Attention to preventing or aggressively
treating secondary insults is currently the mainstay of care that
follows SCI.10–13

In 2002, the first guidelines for the management of acute SCI
were published.12 These guidelines recommended at the option
level that hypotension—defined as a systolic blood pressure
<90 mm Hg—should be avoided and that a mean arterial blood
pressure (MAP) of 85–90 mm Hg should be targeted in the first 7
days after SCI. These recommendations were essentially un-
changed in the 2013 update of the guidelines.13 A small, heterog-
enous group of uncontrolled, underpowered studies supports this
recommendation14; to date, no study provides better than class III
evidence supporting blood pressure augmentation for acute SCI. In
all relevant publications to date, blood pressure augmentation was
merely part of an aggressive management protocol confounding
the relationship between MAP and outcome.15–19 Moreover,

1Department of Neurosurgery, University of Utah, Salt Lake City, Utah.
Departments of 2Emergency Medicine, 3Brain and Spinal Cord Injury Center (BASIC), 4Neurosurgery, 5Radiology, and 6Anaesthesia, University

of California, San Francisco, San Francisco, California.

JOURNAL OF NEUROTRAUMA 32:1958–1967 (December 15, 2015)
ª Mary Ann Liebert, Inc.
DOI: 10.1089/neu.2014.3778
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Spinal Cord Injury: Vasopressor Support

• Low MAP is correlated with a decrease 
in outcome after SCI
• Blood pressure drops: temporary 

drops is just as bad
• CAMPER Trial

• All patients A-C get a lumbar drain
• Spinal cord perfusion pressure (SCPP) = 

MAP- ITP
• Intrathecal pressure (ITP)
• SCPP >50 mm Hg correlates directly with 

degree of neuro recovery after SCI
• MAP does not correlate with recovery

28



Spinal Cord Injury: Vasopressor Support

• Early vasopressor support in the 
ED will improve outcome

• Coordination of care between ER 
physicians and neurosurgery

• Huge ER “buy-in” at SFGH!

Bill Whetstone, MD
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Spinal Cord Injury: Convincing surgeons

• Last step is convincing surgeons

• No one wants to operate in the middle 
of the night

• It will take a lot of data to convince 
spine surgeons that SCI is something 
that needs their attention with no 
delay!

30
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Future of SCI

• Data science to use AI to predict 
who needs early surgery: need 
open data commons

32



Future of SCI

• Data science to use AI to predict 
who needs early surgery: need 
open data commons
• Blood biomarkers
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Future of SCI

• Data science to use AI to predict 
who needs early surgery: need 
open data commons
• Blood biomarkers
• Chronic SCI: 

• 2 major centers
• converts A to a C
• epidural stimulation as a 

therapeutic target
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CASE 1

37

34 yo M physician brought in by ambulance after witnessed fall while surfing

38

HPI: 
The patient crashed head-first into beach from 
rogue wave while body surfing. Pulseless arrest 
in field, ROSC after chest compressions x 2, 
BIBA, GCS 14 in ED.

ROS: n/a

PMH: none

LABS: all WNL

PSHx: none

MEDS: none

PE: 
AOx2
Following commands briskly

Motor:
DELT BIC TRIC WE WF IO

R 0 0 0 0 0 0
L 0 0 0 0 0 0

IP Q H TA EHL G
R 2 3 1 1 1 1
L 2 4 2 2 2 2

T1 sensory level
rectal tone diminished
Sacral sparing of sensation

39

Non-contrast CT – prevertebral edema ad C4, C5 spinous process fx

LEFT RIGHT

40



MRI C-spine – anterior and posterior ligamentous damage
Cord signal abnormality (BASIC-2) at C3-C5

41

Summary: 34M s/p fall with traumatic central cord 
syndrome, AIS-C

Options
Surgery now (MRI to OR)?
Surgery soon (ICU to OR)?
Surgery tomorrow?

Management options
1. Blood pressure goals
2. Anything beyond blood pressure?

42

Taken to surgery within 3 hours of injury; C2-6 lami fusion

43

POST-OP Management: Spinal pressure monitoring

44



Decreases in SCPP predicted 
failure to convert to to les 
severe AIS grade more than 
decreases in MAP

Titrating pressors to SCPP 
should prevent secondary 
injury to a greater degree than 
titrating to MAP

45

CASE 2

46

39 yo F brought in by ambulance after MVC

47

HPI: 
The patient crashed and air bag deployed in 
between her right shoulder and head, causing a 
lateral flexion and compression-extension injury.  
Complaining of weakness in her hands.

ROS: n/a

PMH: none

LABS: all WNL

PSHx: none

MEDS: none

PE: 
AOx3
Following commands briskly

Motor:
DELT BIC TRIC WE WF IO

R 1 1 2 0 0 0
L 0 0 0 0 0 0

IP Q H TA EHL G
R 2 3 3 4 4 4
L 2 3 3 4 4 4

numbness and tingling in bilateral hands
weak in hangs and R>L arm
rectal tone intact
sensation intact in BLE

48



49

LEFT RIGHT

50

51

C5-6

52



Summary: 39F s/p left lateral flexion, compression-
extension injury, with left C6 facet fracture and left C5-6 
facet dislocation

Options
traction?
Front
Back?
Combined

Any other injuries that could play a role here?

53

Edema in scalenes

Blood in C6 DRG

54

C7 pedicle screws

55

Outcome: 
- C4-7 PSF with C5-6 lami
- good reduction of fracture
- resolution of hand weakness in 6 days
- on-going weakness in R delt, bicep

- likely upper trunk injury
- EMG and neurogram in 3 weeks 
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CASE 3

57

19F status post motor vehicle collision with head trauma and loss of consciousness presenting 
with neck pain and imaging concerning for unstable C2 Hangman's Fracture

58

HPI: 
The patient crashed and air bag deployed in 
between her right shoulder and head, causing a 
lateral flexion and compression-extension injury.  
Complaining of weakness in her hands.

ROS: n/a

PMH: none

LABS: all WNL

PSHx: none

MEDS: none

PE: 
AOx3
Following commands briskly

Motor:
DELT BIC TRIC WE WF IO

R 5 5 5 5 5 5
L 5 5 5 5 5 5

IP Q H TA EHL G
R 5 5 5 5 5 5
L 5 5 5 5 5 5

SILT
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