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This standard is issued under the fixed designation F 1831; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers standards a manufacturer shall
meet in the designing, manufacturing, testing, labeling, and
documenting of halo and tong external spinal immobilization
devices, but it is not to be construed as production methods,
quality control techniques, manufacturer’s lot criteria, or clini-
cal recommendations.
1.2 This specification represents the best currently available

test procedures at this time and is a minimum safety and
performance standard.
1.3 This specification covers only those halo and tong

devices intended for use on humans for therapeutic purposes.
This specification assumes the user is well-trained in the
procedures and maintenance of halo and tong application and
has the ability to determine if an abnormality is treatable by
these procedures.
1.4 This specification describes those devices commonly

known as halo external fixation devices and what is known as
cranial traction tongs.
1.5 Cranial traction tongs and halo devices are used to

achieve and maintain optimal spinal alignment, in order to
enhance fusion and decrease neurological deficit.
1.6 Monitoring the progress of treatment after application of

these devices is important, this should be done in accordance
with the manufacturer’s recommendation and guidelines per-
taining to the specific device.
1.7 The values stated in both inch-pound and SI units are to

be regarded separately as the standard. The values given in
parentheses are for information only.
1.8 The following precautionary statement pertains only to

the test method portions Sections 10-15 of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 IEC Standard:

IEC 601-1 2

3. Terminology

3.1 Definitions of Terms Specific to This Standard:
3.1.1 cranial traction tong—a device providing weighted

cervical traction to a patient through invasive attachment to the
skull. This traction instrument is indicated for closed reduction
of a cervical spine injury (that is, fracture or dislocation).
3.1.1.1 adjustable tong—a cranial traction tong that adjusts

for size, pin positioning, or pin pressure.
3.1.1.2 one-piece tong—a rigid, single-piece, semicircular

cranial traction tong designed to accommodate a minimum of
two skull pins for mounting the device to the patients head
below the equator.
3.1.2 halo device—an external fixator for cervical stabiliza-

tion that fastens by invasive means to a patient’s skull, and
maintains the position of the skull in relation to the thoracic
area of the patient.
3.1.3 halo ring—the portion of the halo device that fastens

by invasive means to a patient’s skull below the head equator.
3.1.3.1 closed loop halo ring—a halo ring incorporating a

closed loop anywhere in the design for purposes of structural
integrity when the ring is in use. This type of ring has multiple
positioning options for the selection of pin sites and is mounted
to the head with multiple skull pins.
3.1.3.2 head equator—the greatest circumference of the

head in the coronal aspect
3.1.3.3 open loop halo ring—a halo ring with a posterior

opening, such that the part does not incorporate a closed loop
anywhere in the design for structural integrity. This ring has
multiple position options for the selection of pin sites and is
mounted to the head with multiple skull pins.
3.1.4 halo superstructure—a rigid external framework used

to maintain positioning of the skull and cervical spine in
relation to the thoracic and lumbar spine. Connects the halo
ring to halo vest.
3.1.4.1 halo superstructure adjustment mechanisms—

components that allow adjustment of angles and distances
between ring and uprights or vest and uprights.
3.1.4.2 transverse bar—a rigid horizontal component of the

halo superstructure.
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3.1.4.3 upright bar—a rigid vertical component of the halo
superstructure.
3.1.4.4 vest attachment mechanism—attaches inferiorly to

the halo superstructure and connects to vest shell, maintains
positioning of the halo superstructure in relation to the vest
shell.
3.1.4.5 vest plate—part of the superstructure attached to the

vest shell to provide a stable mounting point for the vest
attachment mechanisms.
3.1.5 halo vest—a body-orthosis that serves as a mounting

point for the halo and superstructure.
3.1.5.1C.P.R. access—mechanism in vest or superstructure

to allow quick access to patient’s chest for cardiopulmonary
resuscitation (C.P.R.).
3.1.5.2 vest liner—padding worn inside of halo vest shell

and against the skin which distributes the pressure of the vest
shell against the skin.
3.1.5.3 vest shell—rigid portion of body orthosis.
3.1.6 skull pin—a rigid device used to invasively anchor the

halo ring or cranial traction tongs to the skull at selected
mounting points.
3.1.6.1 adjustable skull pin—(1) a pin that is force con-

trolled by a mechanical mechanism, that is, spring-loaded
pressure pin. (2) a solid threaded pin that maintains pressure
and fixation against the skull through application of a cali-
brated torque.
3.1.6.2 fixed skull pin—a pin that is mounted directly to a

tong structure requiring a drilled skull hole for positioning and
fixation. Pressure is not adjusted directly through the pin.
3.1.7 traction bail (traction hoop)—a device that may be

attached to the halo ring to facilitate the application of
weighted longitudinal traction.

4. Conformance

4.1 Presently, this specification is voluntary and not by law.
A manufacturer may label a product as conforming to this
specification only if the product indeed meets all the require-
ments of this specification.

5. Classification

5.1 Halo External Fixator—Typically a complete system
consisting of the halo ring, skull pins, vest and superstructure.
The uniqueness of this system is its ability to provide self-
contained cervical stabilization.
5.2 Cranial Traction Tongs—Either a rigid single-piece,

semicircular device or an adjustable device. Both designs have
accommodations for at least two skull pins to be mounted to
the skull. Typically designed to be fitted over the top of the
head and used for weighted cervical reduction or bed traction,
or both, in the supine (bed restricted) patient.

6. Magnetic Resonance Imaging Compatibility
Requirements

6.1 These halo external fixator and cranial traction tong
magnetic resonance imaging (MRI) compatibility requirements
are intended to protect the patient from harm during MRI
imaging procedures.
6.2 Manufacturers shall be responsible for testing the MRI

safety and efficacy of the device.

6.2.1 Test Methods—See Sections 13-15.

7. Mechanical Integrity

7.1 The purpose of this requirement is to ensure the user and
the patient that the halo external fixator or cranial traction
tongs, or both, are capable of withstanding the externally
imposed conditions normally encountered during the useful life
of the device.
7.2 Cranial Traction Tongs Mechanical integrity:
7.2.1 The cranial traction tongs and any of its components

must be manufactured from a material that provides suitable
rigid support to the skull pins and any other attached compo-
nents including the traction weights.
7.2.2 Cranial traction tong pins shall be sufficiently strong to

resist at least two times the normal maximum static loads that
may be encountered during normal wear.
7.2.3 The cranial traction tongs and its components shall be

resistant to deformation and sufficiently rigid such that pin
position and pressure on the skull can be maintained at
maximum manufacturer’s specified pin pressures.
7.2.4 Adjustable skull pins shall be calibrated with force

indicators.
7.2.5 Test Method—See Section 10.
7.3 Halo Skull Pin Mechanical Integrity:
7.3.1 Halo skull pins shall be sufficiently strong to resist at

least two times the normal maximum static and dynamic loads
that may be encountered during normal use.
7.3.2 Test Method—See Section 11.
7.4 Halo Ring Mechanical Integrity:
7.4.1 The halo ring shall be manufactured from a material

that provides suitable rigid support to the attached skull pins
and superstructure.
7.4.2 The halo ring shall be resistant to deformation and

sufficiently rigid such that pin position and pressure on the
skull can be maintained at maximum manufacturer’s specified
pin pressures.
7.4.3 Test Method—See Section 11.
7.5 Halo Superstructure Assemblies Mechanical Integrity:
7.5.1 A new halo external fixator device must be able to

maintain structural integrity under normal physical loading
when the system is fully assembled.
7.5.2 All mechanical components of the superstructure as-

sembly must maintain rigidity and functional integrity through-
out the useful life of the product.
7.5.3 Test Method—See Section 12.
7.6 Halo Vest Assembly Mechanical Integrity:
7.6.1 The halo vest assembly must provide a stable platform

for rigid attachment of the superstructure.
7.6.2 The halo vest must provide an adjustable means of

rigid fixation to the upper body of the patient.

8. Performance Requirements

8.1 The purpose of these requirements is to ensure that a
halo external fixator or cranial tongs shall meet the minimum
performance requirements as originally designed. The halo and
tongs device requirements should not vary from procedure to
procedure provided they are used and maintained according to
the manufacturer’s recommendation.
8.2 Halo External Fixator Performance Requirements:
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8.2.1 All mechanical fixation components will be manufac-
tured out of corrosion resistant materials.
8.2.2 All components shall be manufactured out of materi-

als capable of providing functional integrity over the useful life
of the device.
8.2.3 The manufacturer will be responsible to maintain

adequate mechanical test data or equivalent clinical data in
regard to the suitability of design, useful life and diagnostic
imaging compatibility of the system.
8.2.4 The manufacturer will be responsible for supplying

materials that are sterilizable by the manufacturer’s recom-
mended sterilization techniques.
8.3 Halo Pin Performance Requirements:
8.3.1 All portions of the skull pin that are in constant

physical contact with the patient’s skin shall be manufactured
from biologically compatible material.
8.3.2 All halo skull pins shall be supplied with a method for

locking the pin in place in the halo ring.
8.4 Halo Ring Performance Requirements—The manufac-

turer will be responsible for providing a ring assembly that
allows for the following:
8.4.1 The halo ring shall be able to easily and rigidly attach

to the superstructure.
8.4.2 The halo ring shall be able to easily accept a minimum

of four halo skull pins.
8.5 Halo Superstructure Assembly Performance Require-

ments:
8.5.1 The halo vest and superstructure assemblies shall be

able to be easily attached and detached from the halo ring with
the appropriate tools.
8.6 Halo Vest Performance Requirements:
8.6.1 The vest material shall be trimmable and moldable

with the appropriate tools to allow the medical personnel to
provide suitable adaptability to the various anatomies encoun-
tered.
8.6.2 The manufacturer will provide suitable vest liner

materials to maintain a substrate between the vest shell and the
skin. These lining materials shall be free of any chemicals or
toxins, or both, that could cause an allergic response in the
average patient.
8.6.3 The halo vest shall have a vest attachment mechanism

whereby the halo superstructure is suitably attached via the
appropriate tools or mechanism.
8.6.4 The halo vest shall allow rapid and complete access to

the chest in the event of a cardiac emergency to allow access to
the chest for C.P.R.
8.7 Halo Tools Performance Requirements—All halo ad-

justment tools supplied by the manufacturer shall consistently
perform in the manner to which they were designed throughout
the useful life of the product or as indicated by the manufac-
turer’s recommendations.
8.8 Cranial Traction Tongs Performance Requirements:
8.8.1 All mechanical fixation components will be manufac-

tured out of corrosion resistant materials.
8.8.2 All components shall be manufactured out of materi-

als capable of providing functional integrity over the useful life
of the device.
8.8.3 The manufacturer will be responsible to maintain

adequate mechanical test data or equivalent clinical data in
regard to the suitability of design, useful life and diagnostic
imaging compatibility of the system.
8.8.4 The manufacturer will be responsible for supplying

materials that are sterilizable by the manufacturer’s recom-
mended sterilization techniques.
8.8.5 The cranial traction tongs must permit attachment of

cables and other necessary hardware.
8.9 Cranial Traction Tongs Pin Performance Requirements:
8.9.1 All tong pins must be supplied by the manufacturer

with a method of locking.
8.9.2 Any portion of the tong pin that is in direct contact

with the patient’s skin shall be manufactured from biologically
compatible materials.

9. Disclosures, Labeling, and Documentation

9.1 These requirements are intended to ensure a manufac-
turer’s written dissemination of all necessary information that
allow a user to determine properly a halo external fixator or
cranial traction tongs (and all of their related accessories)
function, application and limitation. These disclosures, label-
ing and documentation requirements also ensure clear identi-
fication of the product and make available all pertinent data a
user may require. A manufacturer may label his product as
conforming to this standard only if the product fulfills all of the
requirements listed in this specification.
9.2 Disclosures—Amanufacturer shall disclose each speci-

fication listed where applicable.
9.2.1 Single Patient Use Statement—A manufacturer of

halo external fixation systems or cranial traction tongs shall
provide a warning statement to inform the user that the device
is guaranteed for single patient use only.
9.2.2 Sterilization—A disclosure statement that states ex-

actly which items of the halo external fixator and the cranial
traction tongs and their accessories can be sterilized and the
recommended sterilization procedures shall be included with
each device.
9.2.3 Presterilized Components—A disclosure statement

shall be included with each presterilized component of either
the halo or the tongs. This statement shall include the following
information: the device is sterile, the expiration date, notes of
caution concerning means of shipping, storage and use of the
instrument, and lot and batch information.
9.2.4 Imaging Compatibility—Manufactures shall be re-

sponsible for labeling the product according to imaging com-
patibility to avoid confusion by the end user.
9.3 Labeling:
9.3.1 All required labeling shall be legible in terms of size

and color as dictated by FDA guidelines (21 CFR 820). The
labeling must also be durable to last the life of the product and
permanently attached so as not to be lost.
9.3.2 All halo external fixators and cranial traction tongs

shall be labeled so as to contain the following information:
9.3.2.1 Model number and size,
9.3.2.2 Manufacturer or distributor name, or both,
9.3.2.3 Serial number or lot and batch number,
9.3.2.4 Diagnostic imaging compatibility indicators, and
9.3.2.5 C.P.R. access indicators.
9.3.3 If labeling is not conducive to direct attachment to the
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device then all information shall be provided in the manufac-
turer’s instruction manual or on the final packaging.
9.4 Documentation:
9.4.1 All halos and tongs shall include instruction manuals.
9.4.2 All instruction manuals shall contain the following

information when applicable:
9.4.2.1 Recommended sizing and application instructions
9.4.2.2 Recommended safe maximum traction loading in-

formation for the ring and traction bail or cranial traction tong
as the composite system (ring and pins) excluding physiologi-
cal parameters associated with the patient’s skull.
9.4.2.3 CPR access instructions,
9.4.2.4 Recommended pin torque settings,
9.4.2.5 Cleaning instructions,
9.4.2.6 Patient care guidelines,
9.4.2.7 Diagnostic imaging compatibility guidelines, and
9.4.2.8 Manufacturer or distributor’s name and address, or

both.

10. Test Method for Mechanical Integrity of Cranial
Traction Tongs

10.1 Scope—This test method covers the mechanical integ-
rity of tongs with skull pins and their ability to withstand a
loading without significant loss of function.
10.1.1 Summary of Test Method—The tongs are set up such

that the loading is applied at the point on the tongs as it would
be under normal use as recommended by the manufacturer. The
tongs are supported as described in 10.1.3 and 10.1.3.1. The
amount of deflection and ability of the device to withstand the
loading is recorded.
10.1.2 Significance and Use—For safety reasons, the device

shall be designed to withstand a minimum of twice the
maximum load typically used during normal short-term clinical
applications or as outlined by the manufacturer in the product’s
instruction manuals without adverse deflection of any compo-
nents of the device.
10.1.3 Apparatus—Tongs shall be suspended, utilizing any

attachment devices supplied with the product by the manufac-
turer as shown in Fig. 1. Skull pins shall be inserted into the
unit and inserted into an aluminum mounting block such that
any load applied to the tong will be carried equally by all skull
pins and attachment points and so that the resultant load will be
applied axially so as not to apply any angular force to the arms
of the tongs and in such a way that any load applied to the
tongs will be carried equally by all attachment points.
10.1.3.1Aluminum Skull Pin Mount—An aluminum block

shall be predrilled to a maximum depth of 2 mm to accommo-
date the tips of the skull pins.

10.1.3.2 The test specimen shall consist of the manufactur-
er’s new, finished, untested product.
10.1.4 Procedure:
10.1.4.1 If the tongs are adjustable, they shall be set in an

average or typical position of use for a head with a lateral width
of 17 cm, or to the median position within the range the device
is designed to accommodate.
10.1.4.2 Insert the skull pins into the predrilled holes in the

aluminum block and tighten them according to manufacturer’s
recommendations for optimum force.
10.1.4.3 Apply a load to the device where skeletal traction is

applied in a clinical setting per the manufacturer’s instructions.
The load may be applied incrementally (maximum 10 lb ( g)
increments) or continuously at a maximum rate of 0.127
cm/min.
10.1.4.4 Load the device to either 100 kg or twice the

maximum safe load recommended by the manufacturer.
10.1.4.5 After the necessary loading is achieved, leave the

apparatus in place for a period of 20 min.
10.1.4.6 Document load versus displacement curves

throughout the test.
10.1.4.7 After 20 min, unload the device and document the

final displacement of the device in the unloaded state.
10.1.5 Interpretation of Results:
10.1.5.1 Any tong able to maintain the maximum load

without signs of plastic deformation in any components of the
device shall have passed the test.
10.1.5.2 Any tong demonstrating plastic deformation in any

components of the device after unloading the maximum load
shall have failed the test.
10.2 Additional Test Method for Cranial Traction Tongs:
10.2.1 Scope—This test method covers the mechanical

integrity of tongs with skull pins and their ability to withstand
loading without significant loss of function.
10.2.2 Summary of Test Method—The tongs are set up such

that the loading is applied at the point on the tongs as it would
be under normal use as recommended by the manufacturer. The
tongs are supported as described in 10.2.3 and 10.2.3.1. The
amount of deflection and ability of the device to withstand the
loading is recorded.
10.2.3 Significance and Use—For safety reasons, the device

shall be designed to withstand a minimum of twice the
maximum load typically used during normal long-term clinical
applications or as outlined by the manufacturer in the product’s
instruction manuals without plastic deformation of any com-
ponent of the device. The rotational and dynamic loading
component that occurs in a clinical setting as a result of turning
the patient in bed must also be considered.
10.2.4 Apparatus—Tongs shall be suspended, utilizing any

attachment devices supplied with the product by the manufac-
turer as shown in Fig. 1. Skull pins shall be inserted into the
unit and inserted into an aluminum mounting block such that
any load applied to the tong will be carried equally by all skull
pins and attachment points and so that the resultant load will be
applied axially so as not to apply any angular force to the arms
of the tong and in such a way that any load applied to the tongs
will be carried equally by all attachment points.
10.2.4.1Aluminum Skull Pin Mount—An aluminum blockFIG. 1 Suspended Tongs
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shall be predrilled to a maximum depth of 2 mm to accommo-
date the insertion of the tips of the skull pins.
10.2.4.2 The test specimen shall consist of the manufactur-

er’s new, finished, untested product.
10.2.5 Procedure:
10.2.5.1 If the tongs are adjustable, they shall be set in an

average or typical position of use for a head with a lateral width
of 17 cm, or to the median position within the range the device
is designed to accommodate.
10.2.5.2 Insert the skull pins into the predrilled holes in the

aluminum block and tighten them according to manufacturer’s
recommendations for optimum force.
10.2.5.3 Apply a load to the device where skeletal traction is

applied in a clinical setting in accordance with the manufac-
turer’s instructions. The load may be applied incrementally
(maximum 10 lb ( g) increments) or continuously at a rate not
to exceed 0.127 cm/min.
10.2.5.4 Load the device to 60 kgs.
10.2.5.5 After the necessary loading is achieved, leave the

apparatus in place for a period of one week. During this time,
alternate loading in increments of approximately 10° from
center (+10°, 0°,– 10°) once every 24 h to simulate angular
traction forces.
10.2.5.6 After one week, measure and document the change

in displacement between the arms of the device from the
unloaded state to the fully loaded state and back to the
unloaded state.
10.2.6 Interpretation of Results:
10.2.6.1 Any tong able to maintain the 60 kg load for one

week without signs of plastic deformation in any component of
the device shall have passed the test.
10.2.6.2 Any tong demonstrating plastic deformation in any

component of the device after unloading the 60 kg load shall
have failed the test.

11. Test Method for Mechanical Integrity of Halo Rings
and Attachment Bails

11.1 Scope—This protocol has been developed to test the
mechanical integrity of halo rings and their corresponding
bails, as well as their ability to withstand loading without
significant loss of function. The equipment used for this test
has been designed to accommodate all known sizes and shapes
of halo rings.
11.1.1 Summary of Test Method—The halo rings and trac-

tion bails are configured to simulate normal use. Loads are

applied at the points recommended by the manufacturer for
normal traction application. The halo rings and traction bails
are supported as described in 11.1.3.
11.1.2 Significance and Use—For safety reasons, the device

shall be designed to withstand a minimum of twice the
maximum load typically used during normal clinical applica-
tions or as outlined by the manufacturer in the product’s
instruction manuals without significant elastic deformation and
without any plastic deformation. The traction bail must remain
intact throughout testing.
11.1.3 Apparatus—The ring shall be suspended, utilizing

any traction attachment components supplied with the product
by the manufacturer as shown in Fig. 2. Skull pins shall be
inserted into the ring and against an aluminum mounting block
such that any load applied to the ring will be carried equally by
all skull pins and attachment points and so that the resultant
load will be applied axially so as not to apply any uneven
distribution of load on the pins and in such a way that any load
applied to the ring will be carried equally by all attachment
points.
11.1.3.1Aluminum Skull Pin Mount—An elliptical alumi-

num block shall be predrilled to a maximum depth of 1 mm to
accommodate the tips of the skull pins. The locations of the
predrilled holes should be chosen according to manufacturer’s
recommended pin placement and such that the applied load
will be distributed equally by the skull pins.
11.1.3.2 The elliptical aluminum block shall be machined

such that the minimum distance between the halo ring and the
block is 1 cm. An assortment of aluminum blocks may be
necessary to fit all halo ring sizes. If the ring is adjustable, it
shall be set in an average or typical position of use for a head
with a circumference of 51 cm, or to the median circumference
within the range the device is designed to accommodate.
11.1.3.3 The thickness of the elliptical aluminum block may

vary depending on whether or not all skull pins lie in the same
plane. An example is detailed in Fig. 2.
11.1.3.4 The test specimen shall consist of the manufactur-

er’s new, finished, untested product.
11.1.4 Procedure:
11.1.4.1 Make template of the halo ring prior to testing.
11.1.4.2 Insert the skull pins through the halo ring into the

predrilled holes in the mounting block and tighten according to
the manufacturer’s recommendations for optimum torque.
11.1.4.3 Attach the traction bail to the halo ring such that the

FIG. 2 Suspended Ring
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applied load will be perpendicular to the halo ring (or as
otherwise specified by the manufacturer) and carried equally
by the skull pins.
11.1.4.4 Using calipers, make the following measurements

before loading:
11.1.4.5 At the locations where the bail is attached to the

halo ring, measure the distance from the halo ring to the
mounting base.
11.1.4.6 At the locations where the bail is attached to the

halo ring, measure the distance from the bottom of the
mounting block to the bottom of the halo ring.
11.1.4.7 Measure the distance between the front of the halo

ring and the front of the mounting block.
11.1.4.8 At the front of the halo ring, measure the distance

from the bottom of the mounting block to the bottom of the
halo ring.
11.1.4.9 Apply a 70 kg load to the bail in the position where

skeletal traction would be applied for normal use in accordance
with the manufacturer’s instructions. Apply the load gradually
so as not to impart shock loading.
11.1.4.10 Leave the apparatus in place for a period of 20

min. At the end of this period, make the following measure-
ments.
11.1.4.11 At the locations where the bail is attached to the

halo ring, measure the distance from the halo ring to the
mounting base.
11.1.4.12 At the locations where the bail is attached to the

halo ring, measure the distance from the bottom of the
mounting block to the bottom of the halo ring.
11.1.4.13 Measure the distance between the front of the halo

ring and the front of the aluminum mounting block.
11.1.4.14 At the front of the halo ring, measure the distance

from the bottom of the mounting block to the bottom of the
halo ring.
11.1.4.15 Remove the skull pins and check the free, un-

loaded halo ring with the template made in 11.1.4.1.
11.1.5 Interpretation of Results:
11.1.5.1 Compare the measurements from the unloaded halo

ring (see 11.1.4.3) to those taken from the loaded halo ring (see
11.1.4.5). If the difference between any of the corresponding
measurements exceeds the following, the halo ring has failed
the test:
Difference in the distances from the halo ring to the

mounting base where the bail attaches to the halo ring: 2 mm.
Difference in the distance from the bottom of the mounting

block to the bottom of the halo ring where the bail attaches to
the halo ring: 2 mm.
Difference in the distance between the front of the halo and

the front of the mounting block: 2 mm.
Difference in the distance from the bottom of the mounting

block to the bottom of the halo ring at the front of the halo: 2
mm.
11.1.5.2 If the halo ring demonstrates any plastic deforma-

tion in 11.1.4.15, it has failed the test.
11.1.5.3 If the bail does not remain intact, it has failed the

test.
11.2 Additional Test Method for Halo Rings:
11.2.1 Summary of Test Method—Throughout this test, the

halo rings and bails are configured to simulate normal use. The
load is applied at the point which is recommended by the
manufacturer for normal traction. The halo rings and traction
bails are supported as described in 11.1.3.
11.2.2 Significance and Use—To test for creep of the halo

ring, the ring must withstand 50 % of the load described in the
previous test for a period of 24 h without significant elastic
deformation and without any plastic deformation. The corre-
sponding bail must remain intact throughout the testing.
11.2.3 Apparatus—The ring shall be suspended, utilizing

any traction attachment components supplied with the product
by the manufacturer as shown in Fig. 2. Skull pins shall be
inserted into the ring and against an aluminum mounting block
such that any load applied to the ring will be carried equally by
all skull pins and attachment points and so that the resultant
load will be applied axially so as not to apply any uneven
distribution of load on the pins and in such a way that any load
applied to the ring will be carried equally by all attachment
points.
11.2.3.1 The test specimen shall consist of the manufactur-

er’s new, finished, untested product.
11.2.4 Procedure:
11.2.4.1 Make a template of the halo ring prior to testing.
11.2.4.2 Insert the skull pins through the halo ring into the

predrilled holes in the mounting block and tighten according to
the manufacturer’s recommendations for optimum torque.
11.2.4.3 Attach the bail to the halo ring such that the applied

load will be perpendicular to the halo ring and carried equally
by the skull pins.
11.2.4.4 Using calipers, make the following measurements

prior to loading:
11.2.4.5 At the locations where the bail is attached to the

halo ring, measure the distance from the halo ring to the
mounting base.
11.2.4.6 At the locations where the bail is attached to the

halo ring, measure the distance from the bottom of the
mounting block to the bottom of the halo ring.
11.2.4.7 Measure the distance between the front of the halo

ring at the front of the mounting block.
11.2.4.8 At the front of the halo ring, measure the distance

from the bottom of the mounting block to the bottom of the
halo ring.
11.2.4.9 A 35 kg load is applied to the bail in the position

where skeletal traction would be applied for normal use per the
manufacturer’s instructions. The load is applied gradually so as
not to impart shock loading.
11.2.4.10 The apparatus is left in place for a period of 24 h.

At the end of this period, the following measurements are
made:
11.2.4.11 At the locations where the bail is attached to the

halo ring, measure the distance from the halo ring to the
mounting base.
11.2.4.12 At the locations where the bail is attached to the

halo ring, measure the distance from the bottom of the
mounting block to the bottom of the halo ring.
11.2.4.13 Measure the distance between the front of the halo

ring and the front of the mounting block.
11.2.4.14 At the front of the halo ring, measure the distance

F 1831

6



from the bottom of the mounting block to the bottom of the
halo ring.
11.2.4.15 Remove the skull pins and check the free, un-

loaded halo ring with the template made in 11.1.4.1.
11.2.5 Interpretation of Results:
11.2.5.1 Compare the measurements from the unloaded halo

ring (see 11.2.4.3) to those taken from the loaded halo ring (see
11.2.4.5). If the difference between any of the corresponding
measurements exceeds the following, the halo ring has failed
the test:
11.2.5.2 Difference in the distances from the halo ring to the

mounting base where the bail attaches to the halo ring: 2 mm.
11.2.5.3 Differences in the distances from the bottom of the

mounting block to the bottom of the halo ring where the bail
attaches to the halo ring: 2 mm.
11.2.5.4 Difference in the distance between the front of the

halo and the front of the mounting block: 2 mm.
11.2.5.5 Difference in the distance from the bottom of the

mounting block to the bottom of the halo ring at the front of the
halo: 2 mm.
11.2.5.6 If the halo ring demonstrates any plastic deforma-

tion in 11.2.4.15, it has failed the test.
11.2.5.7 If the bail does not remain intact, it has failed the

test.

12. Test Method for Mechanical Integrity of Halo
Superstructures

12.1 Scope—This test method covers the mechanical integ-
rity of halo superstructures and their ability to withstand
loading without significant loss of function.
12.1.1 Summary of Test Method—The halo superstructures

and rings are anchored to a rigid support and loads are applied
to the device that connects the halo superstructure to the skull.
The halo superstructures are supported as described in 12.1.3.
The amount of displacement and ability of the device to
withstand the loading is recorded.
12.1.2 Significance and Use—or safety reasons, the device

shall be designed to withstand a minimum of twice the average
load typically used during normal clinical applications or as
outlined by the manufacturer in the product’s instruction
manuals without significant deflection.
12.1.3 Apparatus—An individual rigid fixture shall be con-

structed for each model of halo superstructure. The fixture shall
hold the superstructure in the same position as the superstruc-
ture would be held on an average patient. The fixture shall have
a rigid rod originating from it’s base and extend through the
approximate center of the device that attaches the superstruc-
ture to the skull (see Fig. 3). All measurements of displace-
ments of the superstructure shall be made in relation to this rod.
12.1.3.1 The test specimen shall consist of the manufactur-

er’s new, finished, untested product.
12.1.4 Procedure:
12.1.4.1 Measure the pretest distance between the rigid rod

and the device that connects the superstructure to the skull.

NOTE 1—Pretest measurements shall be taken prior to each separate
loading condition.

12.1.4.2Loading Conditions:
12.1.4.3 Apply the load to the device that connects the halo

superstructure to the skull.
12.1.4.4 In all cases, apply the load incrementally or all at

once but not suddenly so as to impart shock loading.
12.1.4.5 If gravity is the loading mechanism then the weight

of the cable, chain or other device should be considered into
the total loading.
12.1.4.6 Apply loading separately and non-coincidentally.
12.1.4.7 Loads referenced below are in accordance clini-

cally relevant maximum loads.3,4

12.1.4.8Anterior/Posterior Direction Loading—Apply a 23
kg load to the device.
12.1.4.9Flexion/Extension Loading—Apply an 18 kg load

to the device.
12.1.4.10Lateral Direction Loading—Apply an 18 kg load

to the device.
12.1.4.11 Measure the deflection of the superstructure in

relation to the rigid rod after each loading condition.
12.1.5 Interpretation of Results:
12.1.5.1 Any superstructure with a measured deflection

from the reference rod to the point of load application of
greater than 20 mm in the anterior, posterior or flexion/
extension directions shall have failed the test. Any superstruc-
ture with a measured deflection of greater than 40 mm in the
lateral direction shall have failed the test.
12.1.5.2 Any superstructure with a measured deflection

from the reference rod to the point of load application less than
or equal to 20 mm in the anterior-posterior or flexion/extension
direction shall have passed the test. Any superstructure with a
measured deflection of less than or equal to 40 mm in the
lateral direction shall have passed the test.

13. Test Method for Calculation of Induced Current
Flow of Halo External Fixators or Cranial Traction
Tongs, or Both

13.1 Scope—This test method covers the calculation of
electric current induced in halo external fixators and cranial
traction tongs when exposed to the time-varying magnetic field
in a magnetic resonance imaging machine and the ability of the
product to prevent such a current from occurring during use.

3 Lind, B. Sihlbom, H. and Nordwall, A., “Forces and Motions Across the Neck
in Patients Treated With Halo-Vest,”Spine 13, 1988, pp. 162–167.

4 Walker, P.S., Lamser, D., Hussey, R.W., Rossier, A.B., Farberor, A., Dietz, J.,
“Forces in Halo-Vest Apparatus,”Spine 9, 1984, pp. 773–777.

FIG. 3 Attachment of Halo Superstructure
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13.1.1 Summary of Test Method—Using Faraday’s equation
and Ohm’s Law provide calculational data demonstrating that
excessive values of electrical current are not induced in the
device.
13.1.2 Significance and Use—For safety reasons the device

shall be able to withstand the maximum voltage typically used
during normal clinical applications or as outlined by the
manufacturer in the product instruction manual without exces-
sive current generation.
13.2 If available in more than one size, the test device shall

consist of the size best able to accommodate a lateral head
width of 17 cm or a head circumference of 51 cm.
13.3 Procedure:
13.3.1 Define the conductive loop between the two most

distant pin sites along the perimeter of the device.
13.3.2 Calculate area (A) and perimeter (L) of conductive

loop. (See Fig. 4.)
13.3.3 Using Faraday’s law:

* E dl5 –db/dT (1)

where:
E 5 the induced voltage,
B 5 the time-varying magnetic field strength, and
T 5 the time in seconds.
and Ohm’s Law:

Current5 E/Resistance (2)

calculateE for the normal maximum clinically relevant
voltage or as otherwise stated in the manufacturer’s product
literature.
13.4 Interpretation of Results:
13.4.1 Any device demonstrating anE value of less than or

equal to 4 v between any two adjacent skull pin sites shall have
passed the test.
13.4.2 Any device demonstrating an E value of greater than

4 v between any two adjacent skull pin sites shall have failed
the test.

14. Test Method for Experimental Documentation of
Current Induced Heating in Halo External Fixators
or Cranial Traction Tongs, or Both, During Magnetic
Resonance Imaging

14.1 Scope—This test method covers the experimental ob-
servation of electric current induced in halo external fixators
and cranial traction tongs when exposed to the magnetic field
in a magnetic resonance imaging machine and the ability of the

product to prevent such a current from generating sufficient
density within the tissue surrounding the pin to cause a health
hazard (that is, burn) (see IEC 601–1).
14.1.1 Summary of Test Method—Through a system of

sensitive measuring devices and imaging techniques demon-
strate that excessive values of current density will not be
produced in the tissue surrounding the pins.
14.1.2 Significance and Use—For safety reasons the device

shall be able to withstand the maximum voltage typically used
during normal clinical applications or as outlined by the
manufacturer in the product instruction manual without exces-
sive current/heat generation.
14.2 If available in more than one size, the test device shall

consist of the size best able to accommodate a lateral head
width of 17 cm or a head circumference of 51 cm.
14.3 Procedural Set-Up:
14.3.1 The difficulties associated with calculating current

density in the device-patient-MR system can be avoided by a
direct, experimental measurement of the current-generated
time-temperature history of a simple biological model (that
will ensure maximum current density) in the MR. A model
system for tongs and conductive tissue is illustrated in Fig. 5.
14.3.2 The model in Fig. 5 is comprised of a flexible,3⁄4 in.

( mm) OD polymer (vinyl) tube of1⁄2 in. ( mm) nominal ID
filled with Ringer’s lactate. The Ringer’s solution serves as the
analog of physiological electrolytes. The tube is packed with
glass wool to minimize the formation of convective cells in the
electrolyte around the pins. Convective cells would conduct
heat away from the material immediately surrounding the tip.
The ends of the tube are sealed with RTV sealant.
14.3.3 Insert skull pins through small punctures in the tube.

The hole should close around the pins and provide a good seal.
The pins should protrude approximately halfway into the tube.
14.3.4 Position a welded “K” type (nickel-chromium,

nickel-aluminum) thermocouple near the tip (within 1 to 2 mm)
of one pin. Solder thermocouple leads (11 in. ( mm) long) to a
BNC connector at approximately the same position to mini-
mize temperature differences among the leads at the joints.
This type thermocouple is minimally ferromagnetic and can,
therefore, be used in the high magnetic field of the MRI.
14.3.5 Immerse the reference thermocouple in an ice bath

that is insensitive to bulk heating (ice shavings must be present
and well-distributed).
14.3.6 Measure the voltage produced by the thermocouple

arrangement by a Fluke multimeter. Temperature may then be

FIG. 4 Area and Perimeter of Conductive Loop
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determined from the measured voltage (using Omega Engi-
neering conversion tables). Place the thermocouple immedi-
ately above the pin to detect convective heating if it occurs.
14.3.7 A typical temperature readout device would be over-

whelmed by induced voltage transients created by an MRI unit,
and therefore cannot be used to detect temperature increases in
the model apparatus. A single pole low pass filter is used for
this purpose in the following manner. The electrical signal
from the thermocouple has two components: an intermittent 64
MHz component arising from the interaction of the MRI’s
radio frequency field with the thermocouple leads, and a much
slower voltage rise produced by the thermocouple pair in
response to a possible temperature rise of the sensor thermo-
couple. The high frequency signal is expected because the
thermocouple leads are separated to assure that the temperature
response is limited to the proximity of the pin. The separation
introduces a small loop which will generate voltage.
14.3.8 The high frequency induced voltage from the rapid

radio-frequency field of the MRI is many orders of magnitude
faster than the time scale of temperature effects. This disparity
in time rates is utilized by the low-pass filter temperature
readout circuit used in this test method. The circuit employed
is illustrated in Fig. 6. A low-pass filter circuit will block the
high frequency component of a signal and respond to the
near-DC component representing the temperature-driven volt-
age increase.
14.3.9 The filter circuit is housed in a grounded metal box

and joints are sealed with conductive tape. A 75 Ohm coaxial
cable of carries the thermocouple signal from the MRI to the
electronic box in an adjacent room.
14.4 Calibration Procedure:
14.4.1 Calibration of the temperature readout circuit is

conducted by placing the sensor thermocouple in an insulated

container of warm water and immersing the reference thermo-
couple in an insulated container filled with an ice-water
mixture. Water temperatures are measured independently using
a reliable device such as a “T” (copper-constant) thermocouple,
an Omega Engineering model 661 temperature readout with
electronic cold reference, or a glass immersion thermometer.
An accuracy of6 1°C with a resolution of approximately
0.5°C to temperature difference is required.
14.4.2 Repeat the calibration sequence with the apparatus

placed in the MRI along with a phantom. The device is oriented
horizontally. Allow the system to come to equilibrium.
14.4.3 Operate the MRI under prescan conditions to insure

that the equilibrium temperature remains unchanged for a
period of at least 90 s. When output readings coincide with the
power-on period of the MRI, a high transient reading occurs,
however, the baseline readings should remain otherwise un-
changed throughout the test.
14.4.4 The calibration indicates that temperatures at the

threshold of physiological damage from prolonged exposure
can be readily sensed by the apparatus under separating
conditions of the MRI.
14.5 Test Procedure—Image the device using MRI param-

eters that produce a duty cycle (long term average) of approxi-
mately 40 % peak power for a period of 20 min in a minimum
1.5 Tesla imaging system. One possible sequence is a fast spin
echo or spin echo with Tr5100, Te520, 4 echoes and 94 NEX.
Power levels should exceed maximum levels commonly used
in clinically relevant practice.
14.6 Interpretation of Results:
14.6.1 Equilibrium temperature should remain unchanged

for the duration of the test. Any device for which the tempera-
ture do not increase by more than 2° Celsius shall have passed
the test.
14.6.2 Any test during which the temperature readings vary

more than 2° C shall have failed the test.

15. Optional Test Method for Clinical Evaluation of MR
Compatibility of Halo External Fixators or Cranial
Traction Tongs

15.1 Scope—This test method covers the clinical observa-
tion of the cervical spine anatomy after MR testing in halo
external fixators and cranial traction tongs. This test demon-
strates the diagnostic quality of images from a magnetic
resonance imaging machine.
15.1.1 Summary of Test Method—Through a clinically rel-

evant imaging technique used on a patient simulating wearing
a test device, coronal and sagittal cervical images are taken to
evaluate the diagnostic quality of the resulting images.
15.1.2 Significance and Use—For safety reasons the device

shall be able to withstand the maximum voltage typically used
during normal clinical applications or as outlined by the
manufacturer in the product instruction manual without exces-
sive current generation or imaging artifact.
15.2 The test shall be conducted on an adult subject and the

device shall consist of the size best suited to the test subject.
15.3 Procedure:
15.3.1 Place the subject wearing the test device in the MR

machine.
15.3.2 Image the subject using any standard diagnostic

FIG. 5 Model Tong/Tissue System

FIG. 6 Circuit
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technique utilizing power levels similar to maximum levels
commonly used in clinically relevant practice.
15.4 Interpretation of Results:
15.4.1 Any device demonstrating coronal and sagittal im-

ages free from significant artifact shall have passed the test.
15.4.2 Any device demonstrating coronal and sagittal im-

ages indicating significant artifact shall have failed the test.

16. Keywords

16.1 cranial traction tongs; halo external fixation device;
magnetic resonance imaging (MRI) compatibility
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