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Objectives: The aim of this study was to determine
the efficacy of a shape-memory alloy, Nitinol, as a com-
ponent of an improved stapes prosthesis. Study Design:
Prospective laboratory and clinical study to develop a
Nitinol stapes prosthesis. Methods: Various diameters of
Nitinol wire and temperature transition variants were
analyzed with regard to ease of deformation, response
to heating, and strength. The size and geometry of the
closed hook was determined by measurement of 50 in-
cus cadaver bones. Several heat sources for activating
the shape memory were evaluated, including electro-
cautery, lasers, and warm water. Trial surgeries were
then performed on human temporal bones in the labo-
ratory. The closure characteristics of the Nitinol loop
were studied. Magnetic resonance imaging (MRI) test-
ing at 1.5 Tesla was performed to determine safety dur-
ing MRI studies. Preliminary human subject trials were
then instituted. Results: In all cases, a low heat condi-
tion was ample to activate the shape memory charac-
teristics of the hook and return it to a closed position
after it had been opened. Laser power was generally set
well below the power needed for removing bone. The
Nitinol loop closed snugly around the incus with appli-
cation to the top of the hook with a low temperature
laser setting. Almost any heat source was effective. MRI
testing at 1.5 Tesla showed no movement of the prosthe-
sis. Preliminary results in human subjects showed ex-
cellent air-bone closure. The Nitinol loop holds uniform
contact around the incus. Conclusions: The Nitinol pis-
ton greatly simplifies the stapedectomy procedure by
taking the need for a hand operated instrument out of
the surgeon’s hands. Because of the nature of the Niti-
nol wire, it can never over-crimp. All these characteris-
tics make the prosthesis advantageous for otosclerosis
surgery. Key Words: Nitinol, otosclerosis, shape-
memory, stapes, stapedectomy.
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INTRODUCTION
Physicians using commonly used stapes implants like

the Scheer Piston have complained of difficulties with
crimping the piston around the incus. The Scheer Piston is
a stapes implant made of a stainless steel hook and a
fluoroplastic piston. Malformed incus bones, the size of the
ear canal, and the angle of the forceps during crimping
make many stapedectomies difficult.

To remove the forceps from the crimping process of
the stapedectomy, shape memory alloys have been consid-
ered for the hook material. Shape memory alloys have the
ability to reform preset shapes with addition of heat. Niti-
nol is a shape memory alloy that is made of nickel and
titanium and was developed at the Naval Ordinance Lab-
oratory in the 1960s.1

The shape memory effect is what allows the self-
crimping piston to close on its own. Phase changes be-
tween an austenite parent phase and a lower temperature
martensite phase cause the shape memory effect.2 The
phase transformation is temperature dependent only,
with the speed of recovery between phases being limited
only by the speed of sound.3 A macroscopic view of the
Ni-Ti hook going through the phase transformation
(Fig. 1) demonstrates the shape memory effect.

The bonding structure between the nickel and tita-
nium atoms allows the shape memory effect to be possi-
ble.4 A strong atomic bond exists in the austenite phase. In
the phase transformation from austenite to martensite, a
change in the shape of the atomic structure occurs. During
the shape change in the martensitic transformation, an
accommodation of the atomic structure change is made
through a slip or twinning process.5 When Ni-Ti cools
down to the martensite phase, a twinning process occurs
between atoms. Because of the accommodation of atoms
by the twinning process, the phase transformation is fully
reversible.6 When slip occurs in the phase transformation
between austenite and martensite, the process is perma-
nent, and the atomic bonds are irreversibly damaged. Slip
accommodations commonly occur in steel when the aus-
tenite phase cools to the martensite phase.7 The shape
memory process occurs because twinning is the dominant
accommodation process in Ni-Ti. Figure 2 shows the ac-
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commodation processes by which atoms shift from the
austenite to the martensite structure.

Once the Ni-Ti has cooled into the twinned marten-
site structure, deformations in the atomic structure can be
performed with shear stress. The weaker atomic bond in
the martensite structure allows applied shear stresses to
deform the atomic structure without breaking the atomic
bonds. On heating the Ni-Ti to the austenite phase, the
thermal energy acquired by the atoms allows them to
return to their former austenite position by regaining the
stronger bond of the austenite structure.8 Figure 3 repre-
sents the atomic cycle of the shape memory effect.

When applying stresses to the shape memory alloy, a
detwinning, change to the martensite twinned structure oc-
curs without damage to the atomic bonds. Above certain
stresses, slip begins to occur in the atomic structure. When
detwinned martensite begins to slip, the atomic bonds are
broken, and the process of changing from martensite back to
austenite is now irreversible.9 The breaking of the atomic
bonds and the onset of slip in the detwinned martensite is
known as memory loss because the shape memory metal can
no longer fully recover into the preset shape.10

Having the austenite finishing temperature (Af), the
temperature at which the alloy is entirely in the austenite
phase, well above body temperature is a pioneering use of
Nitinol. Typically, Af temperatures are below the human
body temperature, with the Ni-Ti in or constantly retrying
to reform to the austenite structure. Medical devices with
Ni-Ti include braces for teeth,11 bone plates,12 heart
stents,13 and gallbladder surgery tools,14 all of which have
Af temperatures below 98.6°F. The austenite finishing
temperature is set by the percentage of nickel to titanium
in the alloy material.15 The Ni-Ti alloy that was chosen to
manufacture the hook for the self-crimping piston was
named alloy M by the manufacturer. Alloy M material is
55.3 � 0.2 (weight percent) nickel and 44.7 � 0.2 (weight
percent) titanium. The austenite finishing temperature
for alloy M is 113°F.

A new medical application for Nitinol is in otology.
Shea introduced the stapedectomy procedure for otoscle-
rosis in 1957.16 Many techniques and prostheses are now
available. The primary indication for surgery for otoscle-
rosis is a significant conductive hearing loss (HL).

A typical prosthesis has a Teflon piston attached to a
platinum wire. A wire crimper is used to tighten the
platinum wire around the incus. This is a critical part of
the procedure and is technically difficult. Many complica-
tions of the procedure are related to misadventures during
crimping. If the wire is not tightened properly, a fluctuat-
ing HL, dizziness, or extrusion of the prosthesis may oc-
cur. If the wire is too tight, necrosis of the incus may occur,
resulting in HL. The crimping procedure may cause
trauma to the middle ear structures, including fracture or
subluxation (displacement) of the incus.17

When the stapedectomy procedure was first intro-
duced in the 1950s, many surgeons became skilled in the
technique. In the 2000s, many more surgeons are perform-
ing the procedure. However, each surgeon is performing
fewer procedures. Therefore, proficiency is harder to
maintain. Obviously, anything that makes the crimping
procedure easier for the occasional stapes surgeon would
result in fewer complications and better hearing results.
This is where the Nitinol application is important. Instead

Fig. 1. Ni-Ti hook undergoing phase transformation.

Fig. 2. Crystal structure changes during phase transition.

Fig. 3. Atomic cycle of shape-memory effect.
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of using a crimper and platinum wire, Nitinol wire is
attached to the Teflon piston. The prosthesis is heated
with the laser or other heat source, crimping the wire.
This is much less traumatic as well as much less difficult.

Biocompatibility is an issue with any product that is
used in the health care industry or as an implant material
in the human body. Nitinol alloys contain large percent-
age of nickel (most over 50 weight percent), which raise
biocompatibility concerns. Nickel is considered toxic to the
human body and is very corrosive on its own.18 Titanium
on the other hand has excellent corrosive resistance and is
not considered toxic to the body.19 Nitinol’s corrosion re-
sistance more closely resembles that of titanium than of
nickel.20 Corrosion testing in Hanks’ solution has given a
mass corrosion rate of 0 mm/year and a corrosion resis-
tance grade A when compared with 316L stainless steel.21

During the oxidation of Nitinol, a Ti-O2 layer forms with
or without pockets of nickel.22 Nitinol has proven to have
good biocompatibility, making it an ideal biological engi-
neering material.23

MATERIALS AND METHODS

Initial Design
The first step was to determine what the ideal geometry and

hook shape for the prosthesis would be. Temporal bones were
obtained in accordance with the procedures outlined in the Uni-
versal Human Anatomical Gift Act.24 Fifty cadaver incus bones
were measured to gain an average size. The hook was fashioned
to represent this average. The overall geometry of the hook shape
was also based off of existing Gyrus piston products.

Alloy Selection
The next variable to establish was the temperature at which

the shape memory of the wire would activate. To answer this
question, all the parameters for instrumentation or source of heat
had to be evaluated. Initially, the shape memory piston was
thought an ideal device for laser use; however, not every otologist
uses a laser in his or her practice. The alternative to a laser was
a warm water rinse with saline. It was also possible that a
separate heating element device could be designed to activate the
shape memory of the piston wire.

Several wires were evaluated (Table I). Five different lots
were analyzed that had a mix of different wire diameters and
activation temperatures.

Development of Assembly Process
Next, the method of potting the wire into a fluoroplastic

shaft was investigated. Because of the hardness of Nitinol wire,
standard assembly procedures could not be used. Standard as-
sembly procedures center around forming a small hook at the end
of the wire inserted into the fluoroplastic shaft. This could not be
accomplished with the Nitinol material, so additional means were
evaluated. Two lots, one with a small section of wire soldered to
the end of the wire and one with a laser melted ball formed on the
end of the wire, were analyzed. The diameter of these lots was
downsized to 0.11 mm to accommodate the doubling of the size of
the section that was to be inserted into the fluoroplastic shaft.
The shaft is a mere 0.6 mm in diameter. Several prototypes were
made of the soldered piece. In addition, special tooling was de-
veloped to mold the fluoroplastic around the Nitinol wire. Exist-
ing tooling could not be used because the Nitinol design already
has a hook formed before the assembly process. These prototypes
were evaluated in temporal bones, and a laser was used at max-
imum low-power settings.

The next round of prototypes had the same 45°C activation
temperatures but a different hook size as geometry. The hook was
smaller and actually over-closed the loop shape.

Magnetic Resonance Imaging Testing
Two Nitinol stapes prostheses from different lot numbers

but same material were placed in a Petri dish within an magnetic
resonance imaging (MRI) unit (General Electric Signa LX 1.5
Tesla). They were placed on a millimeter gradient scale and
positioned within an area which measured 1 mm � 8 mm. This
small area on the gradient scale was shaded for better observa-
tion of the prostheses within the MRI unit. Each stapes prosthe-
sis was positioned parallel to the boundaries of the observation
area. The Petri dish was placed on the moving platform of the
MRI and located where the patient’s head would rest. The first
Nitinol stapes prosthesis was set to the open position to gauge
whether radio frequencies would create any thermal activity and
cause the prosthesis to reach activation temperature and close
the hook. The second Nitinol stapes prosthesis was placed in an
orientation 90 degrees to the first. In addition, an observer en-
tered the core of the MRI unit to examine the Nitinol stapes
prosthesis for any movement. While actively scanning, the ob-
server rotated the Petri dish 360 degrees to check for any direc-
tional variations of magnetic fields. Each prosthesis was made
from 0.01 mm Ni-Ti wire and a fluoroplastic shaft.

A normal sequence for MRI scan of the brain, with and
without contrast, was performed. The scan performed would be
typical for a patient that was undergoing diagnostic procedures
for a suspected vestibular schwannoma. Five scans were run on
the first Nitinol stapes prostheses: SAG T1, AXIAL FSE T2,
AXIAL FLAIR, 4 AXIAL T1, and AXIAL T1 POST. The second
Nitinol stapes prosthesis used only the first three of the previous
tests. Scan gradients were in 3 to 4 mm slices.

Human Studies
A preliminary multicenter trial of the prosthesis on human

subjects was instituted. Eleven human subjects, five male and six
female, with air-bone gaps in one or both ears of at least 25 dB,
volunteered for the prospective study. Approval for the study and
informed consent forms was obtained from Gyrus’ human subject
review committee. In cases performed in the private practice
setting, the Gyrus Corporation provided peer review and ap-
proval of the use of human subjects as well as approval of the
informed consent forms. The subjects ranged in age from 30 to 63.
The surgery procedure in most cases was derived from a descrip-
tion by Schuknecht25 as adapted by Silverstein et al.26 Under
local or general anesthesia, a flap consisting of canal skin and
tympanic membrane is elevated. The posterior superior bony
external auditory canal is drilled away to fully expose the stapes,
the incus, and the facial nerve. The ossicles are palpated to
confirm fixation of the stapes and mobility of the malleus and the
incus. Care is taken to preserve the chorda tympani nerve. The
joint between the malleus and the incus is separated with a joint

TABLE I.
Wire Evaluation.

Batch Alloy Type Wire Diameter

A B (body temp) .1 mm

B M (mid-range) .14 mm

C B .11 mm

D B .11 mm

E M .14 mm
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knife. A KTP laser (Laserscope) is used to cut the stapes tendon
and one crus of the stapes. Typically, the laser is set at 1.8 W at
0.1 seconds. With use of a knife, the other crus of the stapes is
fractured off. The superstructure of the stapes is then removed,
leaving the footplate in the oval window. The laser is then used to
make a 0.6 mm hole in the footplate. A measuring probe is then
used to measure the distance between the footplate and the
undersurface of the incus. The prosthesis is then introduced into
the middle ear. The piston is placed in the stapedotomy opening,
and the wire is placed over the incus. Instead of crimping, the
prosthesis is hit with the laser at 0.5 W at 0.1 seconds. This wraps
the prosthesis around the incus. After ascertaining that the os-
sicles are mobile in a satisfactory fashion, the tympanomeatal
flap is replaced and a dressing applied in the usual fashion.

RESULTS

Initial Design and Alloy Selection
Initially, five different lots were analyzed that had a

mix of different wire diameters and activation tempera-
tures (Table I). The heat shaping process of Ni-Ti has the
ability to alter the transition temperature of the material,
so different alloy types were tested. The heat treatment
process was adjusted so that all of the prototypes de-
formed well at room temperature and returned to their
memory shape in hot water. Because of differences in
ingot Af temperatures, thermomechanical condition, and
wire diameter, some batches may have differing perfor-
mance characteristics within each batch.

Batch C (0.11 mm diameter). The wire appeared
quite springy and difficult to open easily. The wire desired
to spring back to its original shape even without heat.
After forcing the wire open, the applied heat did not ap-
pear to have much effect on returning the wire to its closed
position. The force needed to open the wire was excessive.
This batch was rejected.

Batch D (0.11 mm diameter). This batch had iden-
tical results to that of batch C. This batch was rejected.

Batch A (0.1 mm diameter). This batch had iden-
tical results to that of C and D. This batch was rejected.

Batch B (0.14 mm diameter). The wire tested here
opened quite easily and returned quickly to its original
closed shape. This batch was accepted for further testing.

Batch E (0.14 mm diameter). This batch had iden-
tical results to that of batch B. This batch was accepted for
further testing.

Test Around Incus
Batch E performed extremely well. The wire easily

opened to accommodate the incus and easily closed to a firm
but not tight grip. The wire will not go past the incus diam-
eter. It closes to a point and stops when it meets resistance.

Batch B performed extremely well, much similar to
batch E. The tight loop (slightly angled) is good for small
diameter incus or near the incudostapedial joint. The
larger loop sample in batch B performed physically well,
but it appears that the loop is too big for the incus speci-
mens tested.

Hook Size and Shape
Batch B. The smaller hook shape in this batch ap-

peared superior in gripping the incus. This would be a
candidate for a small-sized final prototype.

Batch E. This hook shape and size would be a good
candidate for a large-sized final prototype.

In all cases, the lots with activation temperature near
body temperature presented a problem in the opening of
the hook geometry. The hooks also did not close in an
effective manner because strain had been applied to the
preset shape by trying to over tease the material into
opening. By far, the wires that were set above body tem-
perature (45°C.) performed closer to the desired results.
The diameter of the wire for these first prototypes was
0.14 mm. The diameter of these lots was downsized to 0.11
mm to accommodate the doubling of size of the section
that was to be inserted into the fluoroplastic shaft. The
shaft is 0.6 mm in diameter. The open prosthesis is shown
in Figure 4. The closed prosthesis is shown in Figure 5.
Special tooling was developed to mold the fluoroplastic
around the Nitinol wire. Existing tooling could not be used
because the Nitinol design already has a hook formed
before the assembly process.

Temporal Bone and Human Studies
These prototypes were clinically evaluated and found

to perform very well on temporal bones. It was determined
that the size of the hook was optimal for obtaining a
secure crimp over the incus.

In all cases, a low heat condition was ample to acti-
vate the shape memory characteristics of the hook and
return it to a closed position after it had been opened.
Laser power was generally set well below the power
needed for removing bone.

In the first temporal bone surgeries, the Nitinol loop
closed snugly around the incus with application to the top
of the hook with a low temperature laser setting (Fig. 6).
In all instances, a small spot size was used to minimize
any damage to surrounding tissues. With the transition
temperature set to 45°C. (113°F), almost any heat source
can be effective that generates this temperature. A com-
mon response of the early surgeries was the immediate
response of the shape memory. The wire loop quickly
returns to its preset closed shape. Because of this quick-
ness, the operation for closing the loop is extremely non-
invasive. Several of the temporal bone surgeries presented
difficult cases such as bony overhangs over the oval win-
dow, and it would have been extremely difficult to perform
with a conventional piston. Because of the nature of the
Nitinol wire, it can never over-crimp. When the wire
meets the resistance of the bone, it stops its memory. This
is a significant advantage over conventional pistons in
which the likelihood of over-crimping is difficult to mea-
sure and often a subjective judgment. Human testing is in
a preliminary stage because long-term follow-up is pend-
ing. However, all cases showed excellent air-bone closure.
The 11 patients showed closure within 10 dB in all cases.

MRI Testing
MRI testing at 1.5 Tesla showed no movement of the

prosthesis; thus, Nitinol appears to be a safe biomaterial
for MRI indications. In fact, Nitinol provides a clear, crisp
MRI, unlike stainless steel. No movement of the prosthe-
sis was recorded in any prosthesis tested. Rotation of the
Petri dish failed to create any movement of the prosthesis
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within the core of the MRI. Radio frequencies did not
adversely affect the shape memory characteristics of the
Nitinol prosthesis. The hook section remained in the open
position through the entire scan. This investigation found
no concerns over the potential magnetic hazards of the
Nitinol prosthesis. Two different lots of the same material
were tested to verify compliance.

DISCUSSION
Properties of Ni-Ti alloys change with different per-

centages of nickel and titanium. Properties of the individ-
ual Ni-Ti alloys also change with the phase transforma-
tion between austenite and martensite. Although
deformation of the metal is the most important change dur-
ing phase transformation, other property changes include
magnetic properties, yield strength, Young’s modulus, and
thermal conductivity. The large deformation that can be
imparted on Ni-Ti in the martensite phase and recovered in
the austenite phase is what makes the shape memory alloy
both unique and useful.27 Figure 7 shows a deformation
versus temperature chart with the martensite and austenite
phase changes represented for alloy M Nitinol.

Stress-strain curves for the martensite structure
show the superelastic abilities of Nitinol. After the elastic
region, an inflection point is reached, and a plateau of
strain begins. The strain plateau is prevalent when small
amounts of stress impart large amounts of strain. In a
shape memory alloy, the strain can be recovered through
the phase transformation from detwinned martensite to
austenite. If a martensite structure becomes fully de-
twinned and slip begins to occur, a second plateau will
form that is irreversible (Fig. 8). Through the shape mem-

ory cycle, stress and strain change with the phase trans-
formation. Two different events of interest in the shape
memory process are free recovery and constrained recov-
ery. Free recovery is the process of deforming the marten-
site structure and recovering the strain imparted on the
Nitinol without any interference in the recovery process.
Figure 9 depicts the free recovery event.

Fig. 4. The prosthesis in the open position. Fig. 5. The prosthesis in the closed position.

Fig. 6. The prosthesis during surgery after application to the incus.
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In the free recovery process, the inflection point for
alloy M occurs at 10 ksi of stress. The total stress, which
can be placed on alloy M Nitinol in the martensite phase
without causing slip to occur, is 90 ksi.27 The total stress
imparted on the shape-memory alloy corresponds directly
to the total strain produced in the memory metal. A plastic
region of strain exists where up to 2% of the strain im-
parted on the shape-memory alloy is recovered in the mar-
tensite phase. Point 4 in Figure 9 shows the plastic strain
epsilon p. From points 1 through 4 on the free recovery
stress-strain diagram, the martensite phase is present. At
point 4, the shape-memory alloy is heated up into the aus-
tenite phase, and the strain recovery event begins. A maxi-
mum of 8% of strain can be recovered from point 4 to point 5.
Point 5 is the final strain left in the shape-memory alloy
after recovery in the austenite phase. It is important to note
that if slip occurs in the deformation of the martensite struc-
ture, there will be unrecoverable strain that is proportional
to the amount of slip that occurs in the atomic structure,
which is referred to as memory loss.28

In the constrained recovery stress strain graph (Fig.
10), points 1 through 4 are the same as the free recovery
graph. The difference between the free and constrained re-
covery events is that at some point during the austenite
recovery cycle, the shape-memory alloy is inhibited from

recovering its preset shape by an external prevention of
recovery. During this process, large stresses are generated in
and by the shape-memory alloy. To visualize the constrained
recovery event, imagine the hook opened in the martensite
phase and then trying to close by reforming its preset aus-
tenite shape around a solid shaft that prevents complete
recovery. The hook will freely recover until contact is made
with the substrate, then stresses will be generated while the
hook tries to reform its preset shape. The substrate that the
hook is closing on may deform depending on its own mechan-
ical properties and the magnitude of the stresses developed
internally in the shape memory hook. At point 5 on the
constrained recovery diagram, contact has inhibited recov-
ery of the shape-memory alloy.28

Physicians using commonly used stapes implants
have complained of difficulties with crimping the piston
around the incus. Malformed incus bones, the size of the
ear canal, and the angle of the forceps during crimping
make many stapedectomies difficult.

To remove the forceps from the crimping process of
the stapedectomy, shape memory alloys have been consid-
ered for the hook material. Shape memory alloys have the
ability to reform preset shapes with addition of heat. Niti-
nol is the most widely used shape memory alloy, which has
an extensive history of biomechanical use.

Fig. 7. During the martensite structural state, larger deformations
can be performed on the Nitinol hook. Three states are shown:
completely martensite structure; coexistence of austenite and mar-
tensite phases; and completely austenite phase. The austenite fin-
ishing temperature is 45°C with the body temperature shown in the
completely martensite phase. Ms � martensite start; Mf � marten-
site finish; As � austenite start; Af � austenite finishing.

Fig. 8. A theoretical stress strain diagram for Ni-Ti in the martensite
phase. Point 1 is the inflection point where the detwinning of the
martensite begins. Point 2 is the first strain plateau, which ends
when the martensite is fully detwinned. Point 3 is the elastic defor-
mation of the detwinned martensite. Point 4 represents the second
strain plateau, where slip has occurred in the martensite structure.

Fig. 9. Stress-strain diagram of free recovery of a shape memory
alloy. Points of interest: 1) elastic region, 2) strain plateau, 3) total
stress and strain imparted on the SMA without slip, 4) end of plastic
strain and beginning of austenite recovery through heating, 5) strain
recovered through austenite transformation.

Fig. 10. Stress-strain diagram for constrained recovery of a shape
memory alloy. (1) elastic region, (2) strain plateau, (3) total stress and
strain imparted on the shape memory alloy without slip, (4) end of
plastic strain and beginning of austenite recovery through heating,
(5) contact strain, (6) recovery stress generated while atoms try to
regain austenite structure, (7) recover stress generated with some
strain regained.
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Data provided in the first part of this study provided
important information on the optimal size and deformation
temperature for the prosthesis. The transition temperature
was set to 45°C (113°F). This allowed for virtually any heat
source to be used to activate the shape memory.

In theory, the piston is always trying to hold its
closed shape in uniform contact around the incus. This is
in sharp contrast with conventional pistons, which are
crimped. Rarely is uniform contact obtained around the
incus after crimping. It is much easier for a traditional
crimped piston to loosen because the only force holding it
in position is the crimp.

The radio frequencies generated in a typical brain
MRI scan have no effect on the shape memory attributes
of the Nitinol stapes prosthesis. There should be no con-
cerns over a patient undergoing an MRI after implanta-
tion with this prosthesis. Indeed, the MRI image of the
Nitinol prosthesis is sharper than the conventional
Teflon-platinum or Teflon- stainless steel prosthesis.

Because Nitinol has been used successfully in a va-
riety of surgical implants, biocompatibility is not a con-
cern. No instances of allergic reaction or extrusion were
encountered during the study.

Human studies are in a preliminary stage. Early
results are encouraging, with excellent air-bone closure in
all cases. Surgeons noted subjective ease in performing
the surgeries, even in cases presenting difficult anatomic
considerations that would render a conventional prosthe-
sis difficult or impossible to implant.

Future studies involve use of the concept as a possi-
ble end-effector for the next generation of implantable
hearing aids. A Nitinol end-effector would greatly simplify
the attachment of any mass transducer to the ossicles.

The acoustic properties of Nitinol will be further in-
vestigated. Because of the substance’s superelastic char-
acteristics, it may turn out that sound fidelity is improved
over conventional implants.

CONCLUSIONS
A shape-memory alloy, Nitinol, is efficacious as a

component of an improved stapes prosthesis, as shown in
the prospective laboratory and clinical study. Various di-
ameters of Nitinol wire and temperature transition vari-
ants were analyzed with regard to ease of deformation,
response to heating, and strength. The size and geometry
of the closed hook was determined by measurement of 50
incus cadaver bones. Several heat sources for activating the
shape memory were found to be effective, including electro-
cautery, lasers, and warm water. Trial surgeries were then
performed on human temporal bones in the laboratory. Pre-
liminary human subject trials were then instituted. In all
cases, a low heat condition was ample to activate the shape
memory characteristics of the hook and return it to a closed
position after it had been opened. MRI testing at 1.5 Tesla
showed no movement of the prosthesis. Preliminary results
in human subjects showed excellent air-bone closure. The
Nitinol loop holds uniform contact around the incus. The
Nitinol piston greatly simplifies the stapedectomy procedure
by taking the need for a hand operated instrument out of the
surgeon’s hands. Because of the nature of the Nitinol wire, it

can never over-crimp. All these characteristics make the
prosthesis advantageous for otosclerosis surgery.
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