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Summary
CITECH compared the immobilization effectiveness
of three brands of cervical collars on 20 healthy adult
vo l u n t e e rs. The Miami J® ( Je rome Medical,
Moorestown, New Jersey), Aspen® (Aspen Medical
Products, Long Beach, California), and Philadelphia
O ri gi n a l® (Philadelphia Cervical Collar Company,
Westville, New Jersey) cervical collars were compared
with respect to flexion, extension, lateral tilt and rota-
tion of the cervical spine.

Cervical spine motion was measured with a CROM
Goniometer (Pe r fo rmance Attainment A s s o c i at e s ,
Roseville, Minnesota), which registers the angular
motion in each of three planes. Baseline range of
motion was recorded for each subject with no collar.
Then, the appropriate size of each collar was selected
and applied, in turn, by a consultant skilled in their use.
Therefore, each subject served as his/her own control.
E a ch motion was rep e ated three times, and the
goniometer readings were recorded and averaged. The
resultant percentage of unrestricted motion was deter-
mined. The readings for all 20 subjects were compiled
and the mean and standard deviations were calculated.

Results
The results show that the Miami J collar was signifi-
c a n t ly more effe c t ive than the Aspen and/or
Philadelphia collar in restricting cervical spine motion
in every direction. Results are summarized in Table 1
below.

Purpose

The purpose of this study was to goniometrically eval-
uate the effectiveness of three cervical orthoses in
restricting cervical flexion, extension, lateral tilt and
rotatory motion.

Test Methods

Twenty volunteers (7 male, 13 female, ages 19 to 64)
with clinically normal cervical spines were studied.
The volunteers were unaware of the identity of the
sponsor (Jerome Medical). The normal and unrestrict-
ed ranges of active motion in flexion, extension,
lateral tilt and rotation were measured goniometrically
using a CROM Goniometer (Performance Attainment
Associates, Roseville, Minnesota) in each subject and
compared to the motion permitted in each of three cer-
vical ort h o s e s : Miami J® ( Je rome Medical,
Moorestown, New Jersey), Aspen® (Aspen Medical
Products, Long Beach, California), and Philadelphia
Original® (Philadelphia Collar Company, Westfield,
New Jersey), Each subject served as his/her own con-
trol for the measurements. The subject was seated
upright in a chair, without leaning against the seat
back, arms at the sides, feet flat on floor and asked to
move his/her head as far as he/she comfortably could
(without moving the shoulders, thoracic and/or lumbar
spine) in each direction. The average of three consecu-
tive measurements of each individual motion was
recorded for flexion, extension, lateral tilt and rotation
and compared to normal values to establish efficacy of
e a ch device in re s t ricting ove rall cervical spine
motion. All collars were sized and applied according to
manufacturer’s written and videotaped instructions by
a consultant skilled in their use. The largest collar that
maintained neutral alignment was used. The same con-
sultant, as observed by a CITECH investigator, took all
measurements.
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Table 1: Mean Percentages of Unrestricted Motion

Miami J A s p e n P h i l a d e l p h i a
Flexion 16 33 26

Extension 27 40 40
Combined Flexion-Extension 22 37 33

Lateral Tilt 38 54 53
Rotation 19 29 32

P* <0.001 <0.001 <0.001
*Probability that the values differ by chance (Hotellings T2)

CITECH draws no conclusions regarding the clinical application of
these results.



Table 2: Results (N=20)

No Collar Miami J Aspen Philadelphia
Mean ROM (°) % Normal Motion Mean ROM (°) %Normal Motion Mean ROM (°) % Normal Motion Mean ROM (°) % Normal Motion

Flexion 58.5 100.0 9.5 16.4 18.9 32.7 15.4 26.0

Extension 62.3 100.0 16.7 27.1 25.1 40.3 25.0 40.3

Comb. Flex.-Ext. 120.7 100.0 26.2 21.7 44.0 36.7 40.4 33.4

Lateral Tilt 94.2 100.0 34.9 38.0 49.7 53.7 49.7 53.3

Rotation 138.8 100.0 25.7 18.6 39.9 28.8 43.5 31.8

Study results are presented as the percentage of nor-
mal/unrestricted motion allowed by each collar in
F l ex i o n , E x t e n s i o n , combined Flex i o n / E x t e n s i o n ,
Lateral Tilt and Rotation. Descriptive statistics and
multivariate analyses were performed on the data to
determine if the differences in the means among the
Miami J, Aspen and Philadelphia Collar were statisti-
cally significant. A Hotelling’s T2value (the probabili-
ty that the values differ by chance) was derived to
demonstrate that mean values differed significantly at
a value of P<0.001. Paired t-tests were computed to
determine if there is a statistically significant differ-
ence between the means of the Aspen and Philadelphia
collars. The data included all five different measures of
motion.

Results

The mean range of motion for the 20 volunteers is pre-
sented in terms of degrees and percentage of normal
motion in Table 2. The mean normal range of motion

for the 20 subjects is 58.5 degrees Flexion, 62.3
d egrees Extension, 120.7 degrees combined
Flexion/Extension, 94.2 degrees Lateral Tilt and 138.8
degrees Rotation. If these are considered 100% of nor-
mal motion, cervical collar efficacy is presented in
Figure 1 in terms of percentage of normal motion
allowed.

The multivariate repeated measures test revealed that
the observed differences in the means of the three col-
lars are indeed statistically significant (p<0.001) on all
five measures of motion (Flex i o n , E x t e n s i o n ,
Combined Flex i o n / E x t e n s i o n , L at e ral Tilt and
Rotation). The Miami J was superior in controlling all
parameters of motion when compared with the Aspen
and Philadelphia orthoses. The results of the Paired
Samples t-test indicate that the means for the Aspen
and Philadelphia collars only differ significantly on the
measure of Flexion, t=2.289. Thus, any differences in
the means between these two collars is not statistically
significant on the four other measures (alpha = .05).

Conclusion

The results show that Miami J collar provided signifi-
cantly greater restriction than the other two collars in
every plane of motion. They also show that the Aspen
and Philadelphia collars were very similar to each
other with respect to degree of restriction in every
plane. Mean Extension was 27% of normal for the
Miami J collar and 40% of normal for both the Aspen
and Philadelphia collar. Flexion was 16% for the
Miami J collar, 33% for the Aspen collar and 26% for
the Philadelphia collar. Lateral Tilt was 38% of normal
for the Miami J collar, compared with 54% for the
Aspen and 53% for the Philadelphia collars. Mean
Rotation was 19% of normal for the Miami J, 29% for
the Aspen and 32% for the Philadelphia collar.

Notice

This report and any recommendations it contains rep-
resent the result of CITECH’s testing and assessment
on behalf of Jerome Medical, Moorestown, NJ. Testing
has been conducted according to accepted engineering
standards and practices. CITECH draws no conclu-
sions regarding the clinical application of these results.
This report reflects testing and assessment of product
samples provided to or acquired by CITECH and may
not reflect the characteristics of other samples, espe-
cially those produced at different times. Therefore, this
report and its findings and recommendations, if imple-
mented, should not be construed as an assurance or
implied warranty for the continuing safety or perform-
ance of any product. CITECH shall not be liable for
incidental or consequential damages, even if advised
of the possibility thereof.

CITECH will not disseminate this report to other
parties without the express permission of Jerome
Medical. Jerome Medical may reproduce this report
in its entirety, including this notice and the entireties
of any supplemental test reports on the same product
(e.g. reports on additional testing following modifi-
cation). However, Jerome may not reproduce por-
tions of the report or quote from it for any purpose
without specific prior written permission fro m
CITECH.

R ep o rt ap p roved by Robert Mosenkis, P. E . ,
President, April 4, 2001

About CITECH

CITECH (Center for Information on Technology for
Health Care) is an independent testing organization
that serves the medical device industry. CITECH
provides testing of safety and performance based on
extensive knowledge of a broad range of medical
devices. CITECH is accredited by FDA as a third-
party reviewer of eligible 510(k) submissions. It is
endorsed by ECRI, the world’s largest independent
evaluator of healthcare technology, and by hospitals
and other agencies worldwide. CITECH shares with
ECRI a 120,000-square-foot suburban Philadelphia
facility that includes extensively instrumented labo-
ratories for electronic, environmental, mechanical
and physical testing.


