
The goal of this project was to study the effect of c-collar and subject positioning on cerebral
blood flow

The process of protecting the spine during EMS transport after a traumatic event has become a
focus of debate. Historically, patients at risk for spine fracture or spinal cord injury have been
placed in a rigid cervical collar (c-collar) and positioned supine on a rigid long spine board with
the head secured with foam headblocks. During transport, ambulance acceleration, turning
and braking have a potential to impart force on the cervical spine. The c- collar is intended to
reduce this burden during transport. To maximize effectiveness, the c-collar must be properly
fitted, so as to provide the needed support without impinging upon blood flow, or airflow.
Currently there are no guidelines as to how tight a c-collar should fit to be functionally
protective of the c-spine.

Rigid	cervical	collar	does	not	affect	cerebral	blood	flow	index,	
but	positioning	does
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Elevation of the head of the bed has greater influence on CBFI than does the c-collar.
While this difference may not be clinically significant in healthy volunteers, this
change in cerebral blood flow may have clinical significance in a TBI population.
Continued research is needed to identify best practice for patient positioning during
prehospital transport to protect the cervical spine and optimize cerebral blood flow.
The current cervical spine motion restriction practice of supine and secured on a long
spine board may be suboptimal

Five heathy volunteers were recruited to participate. Subject was tested in 6 positions
each with and without c-collar. Mean age of volunteers was 49 (±15 95%CI 30.4 to
67.7) years and 60% male. Mean BMI was 29.4 (±4.0 95%CI 24.4 to 34.3), and mean
neck circumference was 40.1 (±3.6 95%CI 35.7 to 44.5) cm. The CBFI mean of means
for the 5 subjects was 71.0 with the c-collar and 69.4 without the c-collar. Only one
subject demonstrated a statistically significant difference in CBFI with and without C-
collar. The CBFI mean of means for position was 72.6 for head of bed greater than 30
degrees and 68.1 for head of bed less than 30 degrees. All subjects demonstrated
>99% confidence for a statistically significant difference in CBFI when dichotomized
using head of be at 30 degrees.

This was conducted as a serial n-of-one study, where each subject was subjected to multiple
conditions, and each subject served as his/her own comparator. Healthy volunteers provided full
informed consent in accordance with IRB approvals. Subjects were fitted with a frontotemporal
noninvasive cerebral blood flow monitor (Ornim™, Israel), to establish cerebral blood flow index
(CBFI). The CBFI data were then collected for 5 minutes in each of the randomly ordered
positions: standing, sitting upright, sitting 45 degrees, sitting 30 degrees, sitting 10 degrees, and
fully supine; each with and without c-collar. Patient positioning was dichotomized to head of bed
greater than 30 degrees or less than thirty degrees. Descriptive statistics were used for the
overall cerebral blood flow during each condition, and t-test was utilized to identify significant
change in cerebral blood flow.

Discussion	Points

• CBFI is a relative, unitless number, thus comparison can
be made to a baseline number but not between different
patients.

• Autoregulation makes sure that the brain capillaries do
not receive too little nor too much flow. During effective
autoregulation CBFI predicts changes in blood flow, but
may not be either directly nor indirectly correlated.

Conclusion

ResultsBackground	and	Significance

Objective	

Method

Subject	# Age	(years) BMI
1 61 35.4
2 65 29.0
3 27 24.3
4 46 29.3
5 46 29.0
Mean
(±SD/95%CI)

49
(±15/30	to	68)

29.4
(±4/24	to	34)

Head	of	bed
Subject	# Mean	CBFI SD 95%	CI p	value

1 less	than	30◦ 84.9 ±5.5 82.8	to	86.9
0.001

Greater	than	30◦ 71.4 ±3.7 70.0	to	72.8

2
less	than	30◦ 81.4 ±8 78.4	to	83.5

0.007
Greater	than	30◦ 76.6 ±4 75.1	to	78.1

3
less	than	30◦ 61.7 ±5 59.1	to	64.4

0.003
Greater	than	30◦ 55.1 ±8 52.5	to	57.7

4
less	than	30◦ 75.5 ± 6 71.7	to	79.3

0.0001
Greater	than	30◦ 68.9 ± 5.1 66.1	to	65.5

5
less	than	30◦ 59.7 ± 6 57.1	to	62.2

0.0001
Greater	than	30◦ 69.4 ± 4.5 67.8	to	71.2

With	or	Without	C-Collar
Subject	# Mean	CBFI SD 95%	CI p	value

1
+ 78.2 ±8 75.5	to	80.1 0.89
- 77.9 ±9 74.3	to	81.6

2
+ 79.5 ±7 76.8	to	82.3

0.52
- 80.6 ±6 78.4	to	82.8

3
+ 58.2 ±3 57.3	to	59.2

0.31
- 56 ±11 51.8	to	60.1

4
+ 72.8 ±6.7 70.0	to	75.6

0.0002
- 67 ± 4.0 65.47	to	68.5

5
+ 66.1 ± 7 63.5	to	68.7

0.58
- 65.3 ± 7 62.6	to	68.0

Table	1.	Subject	demographics

Table	2.	Cerebral	blood	flow	index	as	a	function	of	head	of	bed	
position,	dichotomized		to	less	than	or	greater	than	30	degrees.

Table	3.	Comparing	cerebral	blood	flow	index	with	and	without	c-
collar


