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(57) ABSTRACT

Splints for diagnostic and/or therapeutic purposes are dis-
closed. In one aspect, the present disclosure relates to a
splint system for diagnostic and/or therapeutic functions for
a patient with a vascular impairment. In one embodiment,
the splint system includes a splint having: a leg supporting
portion and a foot supporting portion, that are configured to
support and secure the leg and foot of the patient; a locally
and/or remotely controllable portion for setting a dorsiflex-
ion angle of the foot of the patient, including electrical
and/or mechanical controls and one or more actuators for
setting of the dorsiflexion angle, for providing treatment to
improve vascular function; and a plurality of physiological
parameter sensors for measuring physiological parameters
of the leg and/or foot of the patient, wherein the physiologi-
cal parameters are associated with vascular function in the
leg and/or foot of the patient.
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DIAGNOSTIC AND THERAPEUTIC SPLINTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
62/586,490 filed Nov. 15, 2017, the disclosure of which is
incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under Grant nos. AG055029-01A1 and AGO044858-03
awarded by the National Institutes of Health. The govern-
ment has certain rights in the invention.

BACKGROUND

[0003] Patients with peripheral arterial disease (PAD)
often have walking impairment and pain during walking
(claudication) due to insufficient oxygen supply to leg
muscles. Existing clinical treatment of PAD involves walk-
ing programs or revascularization. Surgery can carry sig-
nificant costs and risks of acute complications from, for
instance, recurrences due to restenosis or graft occlusion.
Adherence to long-term walking programs can be difficult
for frail patients such as the elderly. It is with respect to these
and other considerations that the various embodiments
described below are presented.

SUMMARY

[0004] In some aspects, the present disclosure relates to
diagnostics and treatment associated with vascular impair-
ments, and particularly peripheral arterial disease (PAD). As
mentioned above, patients with PAD often have walking
impairment and pain during walking due to insufficient
oxygen supply to leg muscles. Stretching of calf muscles
improves vascular function in the lower leg. Use of a splint
such as one or more of the splint embodiments disclosed
herein can enhance a patient’s vascular function, for
example improving blood flow in the leg, and decrease pain
during normal gait.

[0005] According to a first aspect of the disclosure, a splint
for a diagnostic test and/or therapeutic treatment of patients
with a vascular impairment comprises a leg support surface
that defines a first cavity adapted to receive a lower leg of a
patient. The splint also comprises a foot support surface
adapted to receive a portion of a foot of the patient, the foot
support surface coupled to the leg support surface. The splint
also comprises a hinge coupled to the foot support surface to
facilitate rotation of the foot support surface relative to the
leg support surface between a first configuration and a
second configuration. The first configuration of the hinge
comprises the foot support surface at a first angle to the leg
support surface. The second configuration of the hinge
comprises the foot support surface at a second angle to the
leg support surface, wherein the second angle is less than the
first angle. The splint also comprises a mechanical stop
adapted to prevent rotation of the foot support surface
relative to the leg support surface to an angle less than the
second angle.

[0006] In some implementations of the first aspect of the
disclosure, the first angle is in a range between 80-100°.
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[0007] In some implementations of the first aspect of the
disclosure, the second angle is between 5-30° less than the
first angle.

[0008] In some implementations of the first aspect of the
disclosure, the foot support surface defines a second cavity
adapted to receive the foot of the patient.

[0009] In some implementations of the first aspect of the
disclosure, the foot support surface defines a heel cup
adapted to support a heel of the foot of the patient.

[0010] In some implementations of the first aspect of the
disclosure, the splint further comprises a first releasable
strap coupled to the leg support surface across the first cavity
in a first splinted configuration adapted to restrict relative
movement between the leg support surface and the lower leg
of the patient. The splint further comprise a second releas-
able strap coupled to the foot support surface across the
second cavity in a second splinted configuration adapted to
restrict relative movement between the foot support surface
and the foot of the patient.

[0011] In some implementations of the first aspect of the
disclosure, the splint further comprises a third adjustable
length strap coupled to the leg support surface at a first
location and coupled to the foot support surface at a second
location. A length of the third adjustable strap between the
first location and the second location is less in the second
configuration of the hinge than in the first configuration of
the hinge.

[0012] In some implementations of the first aspect of the
disclosure, the splint further comprises a fourth adjustable
length strap coupled to the leg support surface at a third
location opposite the first cavity from the first location and
coupled to the foot support surface at a fourth location,
opposite from the second location. A length of the fourth
adjustable strap between the third location and the fourth
location is less in the second configuration of the hinge than
in the first configuration of the hinge.

[0013] In some implementations of the first aspect of the
disclosure, the third adjustable length strap is one of a group
of adjustable length straps consisting of: a cinch strap; a side
release buckle strap; a cam buckle strap; a lashing strap; or
a ratchet strap.

[0014] In some implementations of the first aspect of the
disclosure, an opening for the first cavity faces towards the
foot support surface.

[0015] In some implementations of the first aspect of the
disclosure, an opening for the first cavity faces away from
the foot support surface.

[0016] In some implementations of the first aspect of the
disclosure, the mechanical stop is configured to set the
second angle to induce local ischemia in a plantar flexor
muscle of the lower leg of the patient.

[0017] In some implementations of the first aspect of the
disclosure, the mechanical stop comprises an elongated bar
with a groove therethrough and comprising a fixed end and
a sliding end. The fixed end is fixedly coupled to one of the
leg support surface or the foot support surface, and wherein
the sliding end is slidingly coupled to the other of the leg
support surface or the foot support surface. The mechanical
stop further comprises a pin coupled through the groove to
a fixed location along the other of the leg support surface or
the foot support surface and adapted to prevent the sliding
end of the elongated bar from sliding past the pin.

[0018] In some implementations of the first aspect of the
disclosure, the fixed location is one of a plurality of fixed
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locations along the other of the leg support surface or the
foot support surface to which the pin is configured to be
coupled.

[0019] In some implementations of the first aspect of the
disclosure, the other of the leg support surface or the foot
support surface comprises a groove within which the sliding
end is adapted to slide along.

[0020] In some implementations of the first aspect of the
disclosure, the pin comprises a flange, wherein the sliding
end is slidingly coupled to the other of the leg support
surface or the foot support surface via the flange.

[0021] In some implementations of the first aspect of the
disclosure, the hinge comprises an articulating and/or ratch-
eting hinge, and wherein the mechanical stop comprises a
variable stop for setting the second angle.

[0022] In some implementations of the first aspect of the
disclosure, the mechanical stop comprises a threaded guide
fixedly coupled to one of the leg support surface or the foot
support surface. The mechanical stop further comprises a
motor fixedly coupled to the other of the leg support surface
or the foot support surface, the motor comprising a drive
shaft. The mechanical stop further comprises a screw
coupled to the motor drive shaft for rotation therewith and
threadedly coupled to the threaded guide.

[0023] In some implementations of the first aspect of the
disclosure, the splint further comprises a motor driver
coupled to the motor and configured to supply power to the
motor for rotation of the drive shaft.

[0024] In some implementations of the first aspect of the
disclosure, the splint further comprises a remote control
wired or wirelessly coupled to the motor driver and config-
ured to supply an instruction to initiate rotation of the drive
shaft.

[0025] In some implementations of the first aspect of the
disclosure, the splint further comprises a battery coupled to
the motor driver for supplying power to the motor driver and
the motor.

[0026] In some implementations of the first aspect of the
disclosure, the splint further comprises a near-infrared spec-
troscopy oxygenation sensor.

[0027] According to a second aspect of the disclosure, a
splint system for diagnostic and/or therapeutic functions for
a patient with a vascular impairment comprises a splint. The
splint comprises a leg supporting portion and a foot sup-
porting portion, that are configured to support and secure the
leg and foot of the patient. The splint comprises a locally
and/or remotely controllable portion for setting a dorsiflex-
ion angle of the foot of the patient, including electrical
and/or mechanical controls and one or more actuators for
setting of the dorsiflexion angle, for providing treatment to
improve vascular function. The splint comprises a plurality
of physiological parameter sensors for measuring physi-
ological parameters of the leg and/or foot of the patient,
wherein the physiological parameters are associated with
vascular function in the leg and/or foot of the patient.
[0028] In some implementations of the second aspect of
the disclosure, the vascular impairment is peripheral arterial
disease (PAD).

[0029] In some implementations of the second aspect of
the disclosure, the treatment to improve the vascular func-
tion comprises improving blood flow and/or oxygenation.
[0030] In some implementations of the second aspect of
the disclosure, setting a dorsiflexion angle of the foot of the
patient comprises holding the foot at a predetermined dor-
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siflexion angle using a plate that is located at the foot
supporting portion of the splint and is operatively coupled to
the one or more actuators.

[0031] In some implementations of the second aspect of
the disclosure, the leg supporting portion extends behind the
knee of the patient to prevent bending of the knee during use
of the splint.

[0032] In some implementations of the second aspect of
the disclosure, the sensors comprise one or more sensors for
measuring tension applied by the splint to the leg and/or
foot.

[0033] In some implementations of the second aspect of
the disclosure, the splint further comprises one or more
components for preventing the tension applied by the splint
to reach or exceed a level associated with a clinically
undesirable result.

[0034] In some implementations of the second aspect of
the disclosure, the physiological parameters comprise one or
more of oxygen saturation; pulse; blood pressure; ankle-
brachial index; pulse wave velocity; femoral bruit; skin
temperature; or blood flow velocity.

[0035] In some implementations of the second aspect of
the disclosure, the sensors comprise one or more of: at least
one blood pressure cuff; at least one bruit sensor; at least one
dorsiflexion angle sensor; at least one near infrared spec-
troscopy contact point; at least one doppler ultrasound
device or tonometer; at least one photoplethysmogram; at
least one tensiometer; at least one plantar pressure measure-
ment sensor; at least one dorsalis pedis sensor; or at least one
skin temperature sensor.

[0036] In some implementations of the second aspect of
the disclosure, the system further comprises one or more
sensors disposed separately from the splint, and wherein the
sensors of the splint and/or the one or more sensors disposed
separately comprise at least one of: a brachial cuff; an ankle
cuff; or a blood pressure cuff integrated with the splint.
[0037] In some implementations of the second aspect of
the disclosure, the system further comprises one or more
computing devices coupled via wired and/or wireless con-
nections to the splint, configured for displaying visual rep-
resentations of the measured physiological parameters and/
or entry of data associated with the measured physiological
parameters.

[0038] In some implementations of the second aspect of
the disclosure, the system further comprises a remote control
device configured to remotely control the dorsiflexion angle.
[0039] Other aspects and features according to the present
disclosure will become apparent to those of ordinary skill in
the art, upon reviewing the following detailed description in
conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale.

[0041] FIGS. 1A-1C schematically illustrate a splint
according to one embodiment of the present disclosure,
where FIGS. 1A and 1B are partial, front isometric view and
FIG. 1C is a side view.

[0042] FIG. 2illustrates details of controls of/for the splint
shown in FIGS. 1A-1C.

[0043] FIG. 3 illustrates a side, cutaway view of a lower
portion of the splint shown in FIGS. 1A-1C.
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[0044] FIG. 4 schematically illustrates a splint according
to one embodiment of the present disclosure, with the leg
and foot of a patient inserted and secured in the splint.
[0045] FIG. 5 schematically illustrates a splint system
according to one embodiment of the present disclosure, with
a patient wearing a leg splint and a separate brachial cuff.
[0046] FIGS. 6A and 6B schematically illustrate a splint
system according to one embodiment of the present disclo-
sure, with a patient wearing a leg splint and brachial cuff,
and also including an ankle cuff.

[0047] FIG. 7 illustrates timing diagrams of measurements
from a near-infrared spectroscopy sensor (NIRS) sensor.
[0048] FIG. 8 illustrates a timing diagram of muscle
oxygenation during dorsiflexion splinting measured by a
NIRS sensor measurement of the gastrocnemius.

[0049] FIG. 9 illustrates a therapeutic splint with a poste-
rior dorsiflexion limiter.

[0050] FIGS. 10A and 10B illustrate the posterior dorsi-
flexion limiter at a rest position and a stretched position with
patient compliance sensors.

[0051] FIG. 11 illustrates an anterior-entry therapeutic
splint with a goniometer hinge.

[0052] FIG. 12 illustrates an anterior-entry therapeutic
splint with a set screw hinge.

[0053] FIGS. 13A-13C illustrate a motorized anterior-
entry therapeutic splint.

[0054] FIG. 14 illustrates a posterior-entry therapeutic
splint with a goniometer hinge.

[0055] FIGS. 15A and 15B illustrate an additive manu-
factured therapeutic splint with an assembled hinge.
[0056] FIG. 16 illustrates an additive manufactured thera-
peutic splint with an integrated hinge.

DETAILED DESCRIPTION

[0057] Although example embodiments of the present
disclosure are explained in detail herein, it is to be under-
stood that other embodiments are contemplated. Accord-
ingly, it is not intended that the present disclosure be limited
in its scope to the details of construction and arrangement of
components set forth in the following description or illus-
trated in the drawings. The present disclosure is capable of
other embodiments and of being practiced or carried out in
various ways.

[0058] It must also be noted that, as used in the specifi-
cation and the appended claims, the singular forms “a,” “an”
and “the” include plural referents unless the context clearly
dictates otherwise. By “comprising” or “containing” or
“including” is meant that at least the named compound,
element, particle, or method step is present in the compo-
sition or article or method, but does not exclude the presence
of other compounds, materials, particles, method steps, even
if the other such compounds, material, particles, method
steps have the same function as what is named.

[0059] In describing example embodiments, terminology
will be resorted to for the sake of clarity. It is intended that
each term contemplates its broadest meaning as understood
by those skilled in the art and includes all technical equiva-
lents that operate in a similar manner to accomplish a similar
purpose. It is also to be understood that the mention of one
or more steps of a method does not preclude the presence of
additional method steps or intervening method steps
between those steps expressly identified. Steps of a method
may be performed in a different order than those described
herein without departing from the scope of the present
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disclosure. Similarly, it is also to be understood that the
mention of one or more components in a device or system
does not preclude the presence of additional components or
intervening components between those components
expressly identified.

[0060] As discussed herein, a “subject” or “patient” refers
to a living organism, such as a human or animal, with
vascular function to be diagnosed and/or treated through the
use of splints and/or splint systems described herein in
accordance with various embodiments.

[0061] The following description provides a further dis-
cussion of certain aspects of the present disclosure in
accordance with example embodiments. The discussion of
some example implementations may also refer to corre-
sponding results which may include experimental data.
Experimental data which may be presented herein is
intended for the purposes of illustration and should not be
construed as limiting the scope of the present disclosure in
any way or excluding any alternative or additional embodi-
ments.

[0062] Lower extremity peripheral arterial disease (PAD)
is associated with significant morbidity, mortality, and
reduction in quality of life. Although walking exercise is
currently the most effective prescription for PAD patients,
many older or otherwise frail PAD patients have signifi-
cantly reduced walking capacity, preventing engagement in
exercise programs with a focus on walking. In contrast,
muscle stretching can be performed by patients with limited
walking capacity.

[0063] Acute muscle stretching by ankle dorsiflexion
splinting induces local ischemia, leading to improved
endothelial function, significant angiogenesis, hypertrophy,
and greater muscle blood flow during exercise when pet-
formed daily for 4 weeks. In an example, PAD patients who
underwent 4 weeks of daily splint-induced muscle stretching
of the calf muscles experienced improved endothelial func-
tion of the popliteal artery as determined by flow-mediated
dilation (FMD) of the popliteal artery and increased 6-min-
ute walking distance, both continuous walking distance and
total distance covered. These improvements led to improved
outcomes in PAD patients in one or more of post-exercise
ABI, endothelial function of the popliteal artery, microvas-
cular blood flow within calf muscles, walking distance, and
reduction of pain during activities of daily living in PAD
patients. Therefore, splint-induced muscle stretching
improves vascular function of the lower limb, leading to
improved walking function. The intensity of muscle stretch-
ing is relatively light compared to aerobic exercise, so
elderly or otherwise frail patients can perform muscle
stretching with minimal risk of injury.

[0064] At infrared wavelengths, light penetrates tissue
easily, making scattering the primary source of loss of signal
rather than absorbance. These wavelengths are attenuated
significantly by the chromophore hemoglobin and can there-
fore be used to determine the amount of hemoglobin present
within the “field of view” of the sensor optodes. In some
implementations, a near-infrared spectroscopy (NIRS) sen-
sor is used to measure one or more of tissue oxygenation
(oxyhemoglobin (O2Hb) and deoxyhemoglobin (HHb), and
total tissue hemo(+myo)globin (tHb).

[0065] Inone example, the NIRS sensor may be a MOXY
MONITOR produced by Fortiori Design LLC, Hutchinson,
Minn., which utilizes 4 wavelengths of light, at 680, 720,
760, and 800 nm. The NIRS sensor contains a single LED
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and two detectors placed 12.5 and 25.0 mm from the LED
source. The NIRS sensor provides the oxygenation mea-
surements (e.g., O2Hb, HHb, and/or tHb) using a spatial
resolution approach. Thus the NIRS sensor is especially
useful to examine microcirculation (capillaries, arterioles,
and venules) as it is completely absorbed in vessels larger
than 1 mm due to the high concentration of hemoglobin.
[0066] A NIRS sensor reliably assesses the degree of
stretch that maximizes the decrease in intramuscular blood
flow without causing intolerable discomfort to a patient.
Specifically, the NIRS sensor assesses a degree of acute
ankle dorsiflexion that leads to a maximal decrease in
muscle oxygenation in each patient before beginning a
prescribed stretching program. Placement of a splint to
induce ankle dorsiflexion produces a significant decrease in
blood flow to acutely stretched plantar flexor muscles.
Specifically, intramuscular blood flow is reduced in the
soleus and gastrocnemius muscles of PAD patients while
undergoing static stretch induced by ankle dorsiflexion.
[0067] Through the use of a clinical splint incorporating a
NIRS sensor, a prescriptive stretching program that should
be applied to each individual patient during daily stretching
may be established. The stretching program prescribes
intensity (e.g., angle of dorsiflexion stretching), frequency,
and duration of muscle stretching intervention. The angle of
dorsiflexion stretching may be selected from between 5°-30°
of dorsiflexion stretching. The angle of dorsiflexion may be
adjusted throughout the stretching program (e.g., upon re-
evaluation with the clinical splint), but for any given stretch-
ing session, the angle is a static angle to provide a static
stretch induced by ankle dorsiflexion. Based on the pre-
scribed stretching program, a therapeutic splint is configured
with a mechanical stop set at the prescribed angle of
dorsiflexion stretching. One or more sensors on the thera-
peutic splint may measure and log patient compliance
parameters for one or more of the intensity, frequency, and
duration of muscle stretching applied with the treatment
splint.

[0068] Accordingly, two types splints are proposed for the
diagnosis and treatment of peripheral arterial disease. A first
type of splint is a diagnostic splint that is used within the
clinic and may be used to take measurements which inform
a patient-specific stretching treatment plan, which may
include duration of use, frequency of use, and amount of
applied stretch appropriate for the patient at the time of
evaluation. Certain clinical outcomes may be measured by
this splint to track patient progression and continue to
maintain an appropriate and maximally beneficial treatment
plan. The diagnostic or evaluative splint is used in a clinical
setting for one or more measurements while at rest or when
splint is worn in a dorsiflexed position, i.e. “acute measure-
ments.” The goal is to measure, directly or indirectly, the
amount of stretch within the gastrocnemius or soleus when
a certain dorsiflexion is applied to the foot in order to apply
a safe and effective amount of stretch treatment for a given
patient. Some measurements taken with or in conjunction
with the diagnostic splint include near-infrared spectroscopy
for measuring muscle oxygenation and total hemoglobin,
photoplethysmography, pulse oximetry such as on a
patient’s toe on their splinted leg, and pressure. Other
diagnostic measurements are contemplated by this disclo-
sure.

[0069] The second splint type is for home-based use by the
patient for the treatment of vascular disease. The treatment
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splint is used by the patient as prescribed by the clinician to
achieve and maintain dorsiflexion during home-based daily
treatment sessions (e.g. at least 5 days per week for effec-
tiveness, or similar). This splint may be fully manual or may
assist in dorsiflexion via motor assistance. It may include
embedded measurement systems to monitor the clinical
outcomes and/or patient compliance during treatment.

[0070] As briefly described above, stretching of calf
muscles improves vascular function in the lower leg. Use of
a splint such as one or more of the splint embodiments
disclosed herein can enhance a patient’s vascular function to
treat PAD, for example improving blood flow and/or oxy-
genation in the leg, and decrease pain during normal gait.
Splints according to some embodiments of the present
disclosure can be used for clinical diagnostic purposes to
determine optimal treatment parameters for the patient, such
as the stretch of the lower leg. Splints according to some
embodiments can hold the foot at a predetermined dorsi-
flexion angle and may control the angle to change over time
for purposes of progressive diagnosis and/or treatment. The
dorsiflexion angle can be static or dynamic throughout the
range of motion of the foot. Certain embodiments can
include sensing and/or measurement components for mea-
suring physiological parameters (e.g., pulse oximetry and
other vascular function-related metrics) associated with the
patient condition, to assist in assessment of prescriptive
approaches for treating the determined condition(s).

[0071] Splints according to some embodiments of the
present disclosure include components for therapeutic pur-
poses, applied to the foot and lower leg. Some embodiments
may include automation functions and components to con-
trol and facilitate, among other aspects, higher splinting
around the knee to encourage full extension of the patient’s
leg when the splint is being worn, the dorsiflexion angle,
and/or control of resistance/tension. Local or remote control
components can be utilized for local or remote electrical-
mechanical control of various functions of the splint.

[0072] FIGS. 1A-1C schematically show a splint 100 in
accordance with one embodiment of the present disclosure.
The splint 100 is configured for a patient to insert his/her
lower leg and foot, which are held in place by straps 102. In
the example shown in FIGS. 1A-1C, the straps 102 include
a shin strap, a knee strap, an ankle strap, and a foot strap to
prevent relative movement between the patient’s lower leg
and foot with respect to the splint 100. The shin strap is
positioned to securing the patient’s lower leg to a leg
supporting portion 109 of the splint 100 across the patient’s
shin. The ankle strap is positioned to secure the patient’s foot
against the leg supporting portion 109 of the splint 100
across the patient’s ankle joint. A foot strap is positioned to
secure the patient’s foot to a foot supporting portion 105 of
the splint 100. The knee strap is positioned at the top of the
splint 100 and positioned to secure the patient’s upper leg to
the splint 100 across their thigh. A portion 108 of leg
supporting portion 109 of the splint 100 is configured to
move on rails, such that a brace portion can be extended
upward behind the knee, to facilitate full extension of the leg
and prevent bending of the knee when the splint 100 is in use
(see change in extension of portion 108 from FIG. 1A to
FIG. 1B). The foot of the patient rests on and is secured at
a foot supporting portion 105, which has a plate 104 that can
be raised and lowered by electro-mechanical actuators 106
that cause flexion of the foot and enable control of the
dorsiflexion angle to a desired setting.
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[0073] A control section 110 includes local controls (see
up and down arrow buttons, and see also display, shown in
further detail in FIG. 2) that allow the patient or clinician to
locally and electro-mechanically control the dorsiflexion
angle. The control section 110 can be coupled to the actua-
tors 106 to cause the plate 104 to move upwards and
downwards for changing flexion. A display readout portion
of the control section 110 (showing “00” in the Figures) can
be used to display metrics associated with the diagnostics
and/or therapeutic settings of the splint, for example to show
numerical representations of the tension on the foot (e.g.,
amount of stretch resistance) and/or a measurement of the
dorsiflexion angle.

[0074] In the examples provided in the drawings, the
actuators 106 are shown as linear actuators, though any
electro-mechanical actuator for adjusting the dorsiflexion
angle may be used. For example, a rotary motor, such as a
stepper motor, may have an off center cam coupled to a drive
shaft for raising the plate 104 to a desired dorsiflexion angle.
While these examples provide pushing forces to push up on
the plate 104 from an underside, other electro-mechanical
actuators may supply pulling forces to pull the plate 104 up
from a top surface thereof. For example, an electro-mechani-
cal actuator may be configured to shorten or lengthen a strap
221 (shown in FIG. 4) to adjust the dorsiflexion angle as
desired. Other examples and variations of the actuators 106
are contemplated by this disclosure to facilitate controlled
adjustment of the dorsiflexion angle.

[0075] Also shown is a remote control 112, which also
includes similar up and down arrows and a display readout
portion for the same purposes as those described for control
section 110. The remote control 112 may provide a conve-
nient way for a patient or clinician to control function of the
splint 100 without having to bend down to the locally-placed
control section 110. The remote control 112 can be wired or
wirelessly coupled (e.g. via Bluetooth, Wi-Fi, RE, etc.) to the
control mechanisms of the splint such as the actuators 106
for controlling flexion. In the embodiment shown in FIGS.
1A-1C, the design of the control section 110 is also shaped
such that it can serve as an additional brace or strap for
holding the lower leg of the patient in place as desired.

[0076] FIG. 3 shows a cutaway view from the side and
beneath a portion of the splint 100, and particularly shows
the plate 104 and more detail on the actuator 106 that
selectively pushes up or moves down to effectuate the setting
and/or change in dorsiflexion angle, which is facilitated by
the hinges 114 at the opposite end (proximate the location of
the heel and ankle of the patient when in use) to enable the
end of the plate that is connected to the actuator 106 to
move-rotate upwards and downwards. Alternatively or addi-
tionally, the angular position can be manually changed for
the therapeutic settings without requiring use of the actuator
106 and/or control section 110 or remote control 112. For
example, the angle can be changed manually via tightening
straps. Alternatively, a lock button can hold the splint in the
desired position. In another embodiment, when a motor is
present and can be turned manually using a key, the splint
can be manually adjusted even with the motor electronics
deactivated/off. In the case of a splint without the straps
connecting calf to foot pieces (only straps to hold the foot
onto the splint), the angle can be moved using a button to
activate a motor. In this case, the angle can be varied degree
by degree using a button on the brace (a “manual” setting)
but a motor is still used to actually change it. An “automatic”
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setting in this case would be a prescribed angle that is
already entered by the physician and the patient presses a
button to start movement to the pre-set angle.

[0077] FIG. 4 schematically shows a splint 200 according
to one embodiment of the present disclosure, with the leg
226 and foot 228 of a patient inserted and secured in the
splint 200. The splint 200 is shown as part of a system which
also includes remote readout/control devices 224a, 224b
connected to the splint 200. The splint 200 includes numet-
ous sensing, measurement, and feedback components for
performing functions such as monitoring physiological
parameters of the patient (e.g., vascular activity-related
parameters associated with blood flow, for instance, tension
or other force on particular parts of the leg or foot of the
patient during use of the splint, etc.) during use of the splint
200 or in a clinical setting, such that a clinician can monitor
and change various aspects of the treatment (e.g., dorsiflex-
ion angle) to customize the therapeutic aspects provided by
the splint 200 to a particular patient over time for his/her
individual needs and progress. The sensing, measurement
and/or feedback components (hereinafter also generally
referred to as “sensors”) may also be used by the patient, in
monitoring and controlling their own settings and metrics as
they utilize the splint (i.e., in regular use outside of the
clinical setting). In some embodiments, machine learning
may be utilized for purposes of data fusion and to aid
analysis, signal processing, and/or understanding of the
physiological parameters or variables utilized in processes
described herein.

[0078] Among other physiological parameters to be
sensed, monitored and/or controlled, the sensors and other
functional components of the splint and splint systems
described herein can be used with respect to monitoring
oxygen saturation via pulse oximetry, pulse, activity in
general or specific arteries such as the dorsalis pedis artery
or posterior tibial artery, and blood pressure via sphygmo-
manometry alone in the calf, toe, or as ankle-brachial index
(ABI). Also included are one or more of pulse wave velocity
(PWV), femoral bruit, skin temperature, and parameters
which may be non-invasively measured.

[0079] As shown, the splint 200 is connected with devices
224a, 224b, which can be, for example, computing devices
such as a tablet computer or smartphone (224a) or a laptop
computer (224b) that can be coupled via wired or wireless
connections (e.g. via Bluetooth, Wi-Fi, RF, etc.) to the splint
200. The devices 224a, 224b can run executable applications
to be utilized for displaying and/or entering data associated
with one or more of the measured physiological parameters
and one or more of the sensing, measurement and/or feed-
back components associated with the splint. The devices
224a, 224b may also be used to remotely control the
functionality of one or more of these components for affect-
ing the monitoring of various parameters of the patient
and/or changing settings of the splint. As shown, and with-
out limitation, the displayed metrics and information on the
devices 224a, 224b can include the patient name, dorsiflex-
ion angle (“current angle”), prescribed range (e.g., of angle
or tension), blood pressure, ankle-brachial index (ABI),
pulse signal and/or rate display, pulse wave velocity (PWV),
and bruit signal. Like the embodiment of the splint 100
described above and shown in FIGS. 1-3, as labeled by 212,
the splint 200 also has an adjustable dorsiflexion angle,
which can be facilitated by the same or similar functional
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components as those described with respect to the splint 100
(e.g., plate, hinges, actuators, etc. described and shown in
FIGS. 1-3).

[0080] The splint 200 may be used by clinical personnel in
a clinic, such as nurses, physician’s assistants, physical
therapists, doctors, etc. This Office Splint 200 may record
data on a microcontroller or internal memory (e.g., control
component 206) which is then wired or wirelessly connected
to a computer program or mobile app (e.g., on devices 224a,
224b) in which the clinician can manually input clinical
outcome variables such as 6-minute walk test, flow-medi-
ated dilation, and/or ABI which may be manually measured
in the clinic as standard of care. This merges manually
acquired data with the data obtained by sensors within the
Diagnostic Splint 200. Similarly, if the manually acquired
data is already entered into an electronic medical record
(EMR) or electronic health record (EHR) the data may be
merged into the software application with splint recording
data automatically via application program interface (API)
according to the type of 3rd-party EMR system.

[0081] Signal processing algorithms on the devices 224q,
224b process the data received from the Office Splint 200.
This allows standardization of datasets for inter-patient and
intra-patient analysis. The datasets may be synced by time-
stamp, standardized in number of datapoints (if applicable),
and smoothing and detection algorithms applied to identify
trends and features of interest. Calibration algorithms may
also be applied to the Office Splint 200 to reset its sensors
as necessary. Calibration of received data may also occur to
standardize and normalize according to type of data stream.
From time to time calibration with the Office Splint 200 may
be necessary. In this process, the unworn splint undergoes a
known pattern, such as dynamic flexion of the unworn splint
at a set rate and angle or a static test without movement. The
app facilitates a clinician or technician to interface with the
splint 200 during these processes, which is also sometimes
necessary for Home Splints which are outfitted with moni-
toring sensing systems, described in more detail below.
[0082] The splint 200 includes: a blood pressure cuff 202;
embedded sensors for bruit 204; angle display and control
components (204) (see discussion above of similar compo-
nents 110 shown in FIGS. 1-2); near infrared spectroscopy
(NIRS) sensor 208 embedded in the splint (or adhered to the
skin on the calf or another area of interest); and a Doppler
ultrasound device or tonometer 210. In some implementa-
tions, one or more of the components of the splint 200 may
optionally not be included. For example, in some imple-
mentations one or more of the blood pressure cuff 202,
sensors for bruit 204, or tonometer 210 may optionally not
be included on the splint 200.

[0083] By “bruit” is meant the sound made by blood
passing through major arteries. Various pathologies of the
vasculature can change these sounds and thus indicate
abnormalities of the artery. Disclosed herein is a quantitative
measurement of the vibration/acoustic and records and feeds
into a machine learning algorithm. After sufficient training
data is gathered, differences in the sound/vibration patterns
and can be associated with clinical vascular changes to aid
in overall diagnosis. This type of machine learning approach
can apply to any single measurement or combination of
measurements that best help inform the diagnostic recom-
mendation. Algorithms that may apply include regression
statistics, Bayesian statistics, neural networks (supervised or
unsupervised), and support vector machines. NIRS is a
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non-invasive measurement of muscle oxygenation. This
helps identify oxygenation before, during, and after different
levels of dorsiflexion applied by the splint to aid in diag-
nostics.

[0084] Infrared wavelengths of light are passed into the
tissue and absorbance coeflicients are calculated based on
attenuation of the light within the tissue. Wavelength and
source/detector design determine depth of measurement.
The tissue saturation index can also be calculated as a ratio
of oxygenated hemoglobin and myoglobin to total hemo-
globin/myoglobin.

[0085] In some implementations, the NIRS sensor 208 is
used to measure one or more of tissue oxygenation (oxyhe-
moglobin (O2Hb) and deoxyhemoglobin (HHb), and total
tissue hemo(+myo)globin (tHb). The NIRS sensor 208 may
be positioned to measure a decrease in blood flow to acutely
stretched plantar flexor muscles, such as the soleus and/or
gastrocnemius muscles. In an implementation, the NIRS
sensor 208 or an additional NIRS sensor (not shown) may be
positioned on a toe positioned within the splint 200.
[0086] In one example, the NIRS sensor may be a MOXY
MONITOR produced by Fortiori Design LLC, Hutchinson,
Minn., which utilizes 4 wavelengths of light, at 680, 720,
760, and 800 nm. The NIRS sensor 208 contains a single
LED and two detectors placed 12.5 and 25.0 mm from the
LED source. The NIRS sensor 208 provides the oxygenation
measurements (e.g., O2Hb, HHb, and/or tHb) using a spatial
resolution approach. Thus the NIRS sensor 208 is especially
useful to examine microcirculation (capillaries, arterioles,
and venules) as it is completely absorbed in vessels larger
than 1 mm due to the high concentration of hemoglobin.
[0087] The NIRS sensor 208 reliably assesses the degree
of stretch (e.g., dorsiflexion angle) that maximizes the
decrease in intramuscular blood flow without causing intol-
erable discomfort to a patient. Specifically, the NIRS sensor
208 assesses a degree of acute ankle dorsiflexion that leads
to a maximal decrease in muscle oxygenation in each patient
before beginning a prescribed stretching program. In some
implementations, the muscle oxygenation measurements
from the NIRS sensor 208 are displayed on one or more of
the remote readout/control devices 224a, 2245 connected to
the splint 200. Accordingly, a clinician is facilitated to
review the muscle oxygenation measurements from the
NIRS sensor 208 and adjust the dorsiflexion angle through
the actuator 106, control section 110, and/or remote control
112 to achieve a maximal decrease in muscle oxygenation.
In an implementation, the control section 106 or an appli-
cation on the remote readout/control devices 224a, 2245 is
configured to receive measurements from the NIRS sensor
208 and automatically adjust the dorsiflexion angle to
achieve a maximal decrease in muscle oxygenation, such as
through a proportional-integral-derivative (PID) control
algorithm, P, PI, bang-bang, or other such system control
algorithm known to those of ordinary skill in the art.
[0088] The Doppler ultrasound device 210 can be config-
ured for imaging, to measure flow velocity, for ABI calcu-
lation, and/or waveform evaluation, among other aspects. It
should be noted that for the sensors described herein in
accordance with this embodiment, not all of the sensors are
required to be active at all times; many of the sensors can be
used individually or in combination, and some purposes may
overlap; for example, the photoplethysmogram 214 on the
toe can be used for measuring pulse oximetry, blood pres-
sure, and/or pulse wave velocity.
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[0089] The splint 200 also includes a tensiometer 220 on
a strap 221, shown on one side of the splint 200 from the leg
supporting portion to the foot supporting portion of the
splint. It can be critical in the treatment of PAD to ensure that
the tension applied to the leg (calf muscles in particular, and
related physiology) by the flexion imposed by the splint does
not exceed a clinically-desired level or a level which causes
damage or unnecessary amounts of pain to the patient. The
optional strap 221 with the tensiometer (and/or other com-
ponents of the splint 200 which affect and control the tension
applied for treatment) can also be configured to enable a
change in the dorsiflexion angle to stop (for example for any
automated adjustment of the angle to cease) if the tension as
measured by the tensiometer 200 exceeds a detrimental
amount or level or otherwise exceed a threshold tension. As
shown, the splint also includes plantar pressure measure-
ment sensors 216, dorsalis pedis sensors 218, and skin
temperature sensors 222.

[0090] The plantar pressure measurement sensor 216 may
be resistive, capacitive, piezoelectric, etc. The purpose is to
measure how much the limb is stretched by measuring the
amount it pushes onto the splint as the dorsiflexion angle is
increased (particularly the distal end). It is an analogous way
to measure tension in the flexed limb by measuring push of
the foot along the bed of the splint rather than tension of a
strap. In this case, the splint may not have straps connecting
the calf portion to the foot portion as means of adjusting
and/or measuring tension. In one embodiment, the splint can
have straps to comfortably hold the patient’s foot onto it.
This allows for the patient’s amount of stretch to be mea-
sured during diagnosis or therapy.

[0091] Skin temperature can be a useful variable to link to
overall vascular function of the limb, especially when com-
bined with other variables in diagnostic algorithms. Skin
temperature may be taken as an absolute or relative measure.
It has been referenced as a qualitative measure to help
determine PAD by placing a hand on each leg to qualita-
tively determine if a difference is felt. Disclosed herein is a
device for quantitatively measuring temperature, and this
information can be combined with other variables.

[0092] FIG. 5 schematically illustrates a splint system
according to one embodiment of the present disclosure, with
a patient 301 wearing a leg splint 300 with a segmental cuff
202 and a separate brachial reference cuff 302 worn on the
arm of the patient 301. The splint 300 shown in FIG. 5
includes some or all of the components included in the splint
200 shown in

[0093] FIG. 4. For reference, the blood pressure cuff 202,
angle display and control component 206, and doppler
ultrasound or tonometer 210 are labeled. In some imple-
mentations, one or more of the blood pressure cuff 202 or
tonometer 210 may be separately provided from the splint
200 or not used. The brachial cuff 302 can be used as a
reference for comparison to blood pressure measurements
made at the cuff 202. ABI is a standard clinical measure that
uses a ratio between the brachial pressure and the ankle
pressure as a measure of disease severity. It is the most
common clinical variable currently used to diagnose PAD.
The device disclosed herein can include this capability or it
can be used simultaneously with already-existing ABI sys-
tems that automatically take ABI measurements.

[0094] FIGS. 6A and 6B schematically illustrates a splint
system according to one embodiment of the present disclo-
sure, with a patient wearing a leg splint 400 along with an
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ankle cuff 402 and brachial cuff 302. The splint 400 shown
in FIGS. 6A and 6B includes some or all of the components
included in the splint 200 shown in FIG. 4 and FIG. 5. For
reference, the angle display and control component 206,
doppler ultrasound or tonometer 210, and brachial cuff are
labeled. In FIG. 6A, the patient 301 is wearing the ankle cuff
402 on the splinted leg, whereas in FIG. 6B, the ankle cuff
402 is worn on the other leg.

[0095] The ankle cuff 402, brachial cuff 302, and/or a
standard cuff as part of the brace (see, e.g., 202 of FIG. 5)
can be utilized for clinical ABI and/or pulse wave velocity
measurement while wearing the brace. The ankle cuff can be
used to determine blood pressure at the ankle which can also
be described as a segmental pressure. The brachial cuff is
closer to the heart and measures brachial pressure. Together
the ankle and brachial serve as a comparative measure of
vascular function at different distances from the heart
through the

[0096] Ankle-Brachial Index (ABI), the most accepted
clinical diagnostic measure of PAD. In some implementa-
tions, one or more of the cuffs may be separately provided
from the splint 200, 300, 400 or not used in conjunction with
the splint 200, 300, 400.

[0097] FIG. 7illustrates timing diagrams of measurements
from a near-infrared spectroscopy sensor (NIRS) sensor
upon application of a splint, such as any of splints 100, 200,
300, or 400 described above, to induce dorsiflexion stretch-
ing. The NIRS sensor readings are measurements of physi-
ological parameters of one or more plantar flexor muscles,
such as the soleus and/or gastrocnemius muscles. A tissue
oxygenation curve 702 shows a percentage of measured
tissue oxygenation (SmO2) over time. A total hemoglobin
curve 704 shows a total amount of hemoglobin (tHb) in the
measured muscle expressed in grams per deciliter (g/dl) over
time. An oxygenated hemoglobin curve 706 shows an
amount of oxygenated hemoglobin (O2Hb) in the measured
muscle expressed in g/dl over time. A deoxygenated hemo-
globin curve 708 shows an amount of deoxygenated hemo-
globin (HHb) in the measured muscle expressed in g/dl over
time.

[0098] As shown in FIG. 7, times occurring before a first
time 710 designate measurements of a leg at rest in neutral
position where no stretching is applied. At the first time 710,
application of dorsiflexion via splinting is applied. In the
example shown in FIG. 7, dorsiflexion is applied at a 15°
angle. After the first time 710, the oxygenated hemoglobin
curve 706 shows a decrease in O2Hb while the deoxygen-
ated hemoglobin curve 708 shows an increase in HHb. For
example, the O2Hb falls from a baseline level of about 10
g/dl Hb to a reduced level of about 5 g/dl Hb. Likewise, the
HHb increases from a baseline level of about 2 g/dl Hb to an
increase level of about 7 g/dl Hb. At the same time, the total
hemoglobin curve 704 experiences a dip in tHb after dor-
siflexion is applied before normalizing back to a baseline
level, indicating a level of ischemia present in muscle tissue.
For example, the tHb dips from a baseline level of about 11.6
g/dl Hb to a reduced level of about 11.5 g/dl Hb. The tissue
oxygenation curve 702 shows a decrease in SmO2 from a
baseline level of about 85% to a reduced level between
40-50%.

[0099] At a second time 712, dorsiflexion is released
where each of SmO2, O2Hb, and HHb show recovery of
tissue oxygenation and return to baseline levels while tHb
experiences an increase over baseline levels, which indicates
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the acute reactive hyperemic effect. For example, the tHb
increases from the baseline level of 11.6 g/dl Hb to between
11.8-12 g/dl Hb. In the example shown, a difference between
the second time 712 and the first time 710 is 5 minutes.
Other amounts of times may be used for applying dorsiflex-
ion, such as 1, 2, 3, 4, 6,7, 8, 9, 10 or more minutes. In the
example shown in FIG. 7, baseline systemic pulse oximetry
was also recorded during splinting via finger pulse oximeter,
which indicated no change in baseline arterial oxygenation.

[0100] As described above, the NIRS sensor measure-
ments can be wired or wirelessly reported wirelessly in real
time to the control section 106 or an application on the
remote readout/control devices 224a, 2245 for logging or
real-time display. Using the NIRS sensor measurements,
such as those shown in FIG. 7, a clinician may adjust the
dorsiflexion angle to identify a degree of acute ankle dor-
siflexion that leads to a maximal decrease in muscle oxy-
genation in each patient before beginning a prescribed
stretching program. For example, dorsiflexion may be ini-
tially applied at a 5° dorsiflexion angle and NIRS sensor
measurements monitored for a period of time (e.g., 1-5
minutes) to determine an amount of decrease in muscle
oxygenation. The clinician increases the dorsiflexion angle,
such as in 1-5° degree increments, and likewise monitors an
amount of decrease in muscle oxygenation following each
dorsiflexion angle increment. The clinician may continue
increasing the dorsiflexion angle up to a maximum dorsi-
flexion angle, such as between 20-30°. The clinician may
then prescribe a dorsiflexion angle to a patient to be the
smallest dorsiflexion angle at which a maximal decrease in
muscle oxygenation. Alternatively, the clinician may con-
tinue increasing the dorsiflexion angle until either further
decreases in muscle oxygenation are not seen in the mea-
surement or the patient experiences intolerable discomfort.
In a further alternative, the clinician may continue increasing
the dorsiflexion angle until a threshold decrease in muscle
oxygenation is measured (e.g., until muscle oxygenation is
less than 50% or until at least a 30-40% decrease in baseline
oxygenation levels are measured).

[0101] While the example of FIG. 7 relies on a NIRS
sensor to monitor muscle oxygenation, blood flow may also
be monitored via perfusion magnetic resonance imaging
(MRI), such as pseudo-continuous arterial spin labeling
(p-CASL), continuous arterial spin labeling (CASL) where
tagged blood is imaged as it moves through the imaging
region, in this case the musculature of the calf. This allows
examination of large arteries as well as changes in micro-
circulatory regions within skeletal muscle itself. Blood
Oxygen Level Dependent (BOLD) MRI is dependent on
changes in oxygenated and deoxygenated hemoglobin and
relies on the paramagnetic properties of deoxygenated
hemoglobin. This type of imaging introduces a delay in
imaging of a few seconds.

[0102] FIG. 8 illustrates a timing diagram 800 of muscle
oxygenation during dorsiflexion splinting measured by a
NIRS sensor measurement of the gastrocnemius. During a
first time period 802 (1) a baseline muscle oxygenation
measurement is established with a patient’s leg at rest.
During a second time period 804 (2) adjustment of the splint
is made. During a third time period 806 (3) a maximum
dorsiflexion is applied via the splint. During a fourth time
period 808 (4) a maximum percentage of muscle oxygen-
ation drop is achieved, evidenced by the plateau. In the
example shown in F1G. 8, the maximal percentage of muscle
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oxygenation drop is achieved at a level between 40-50%
muscle oxygenation (e.g., less than 50% muscle oxygen-
ation). During a fifth time period 810 (5) the splint is
released. During the sixth time period 812 (6) full recovery
of muscle oxygenation back to resting baseline is measured.
[0103] Using a determined dorsiflexion angle based on the
measurements shown in FIGS. 7 and/or 8, a clinician
prescribes a stretching program that should be applied by a
patient. The stretching program prescribes intensity (e.g.,
angle of dorsiflexion stretching), frequency (e.g., daily,
twice daily, every other day, at least 5 days per week, etc.),
and duration of muscle stretching intervention (e.g., 1-30
minutes). Periodically, such as after 1-4 weeks, the patient
may be re-evaluated by the clinician and the stretching
program may be adjusted to ensure the stretching program
maintains a degree of acute ankle dorsiflexion that leads to
a maximal decrease in muscle oxygenation.

[0104] Other clinical tests and measurements may be
taken as part of prescribing and evaluating the stretching
program. Measurements of clinical outcomes before, during,
and/or after treatment may be collected. These measure-
ments may be assessed separately within the clinic in
addition to measurements taken with the diagnostic splint
and used to assess patients for appropriate level of stretching
intervention. The clinical outcomes measurements may
include one or more of ABI, both resting and post-exercise;
a 6-minute walk test; patient characteristics determined
during standard care or by questionnaire/survey; a level of
frailty assessment; physical function tests, such as activities
of daily living; comorbid diagnoses, e.g. diabetes mellitus,
foot ulcers, chronic obstructive pulmonary disease, or car-
diovascular disease; a lifestyle assessment; and other inter-
vention assessment, e.g. pharmaceutical treatments, exercise
programs, or physical therapy.

[0105] To aid in these clinical measurements, various
measurement techniques and technologies may be used. The
following techniques are based on optical interaction with
tissue and are often differentiated by the wavelengths used,
the methods of calculation, and consequently can be tailored

for general vs. local measurement, precision, and tissue
depth.

[0106] Photoplethysmography (PPG) is an optical tech-
nique used to sense changes in blood volume in microcir-
culation of tissue, especially close to the sensor interface
based on use of wavelengths in the red or near infrared
spectrum. When wavelengths such as 800 nm are used, PPG
is largely unaffected by blood oxygenation levels. An emitter
and a detector are used to produce a PPG waveform. The
design may be trans-illumination with the body part between
the emitter and detector, or may be configured in a reflective
setup where emitter and detector are located side by side.
The PPG waveform is affected by cardiovascular pulsation,
often called the “AC component” which changes as the
distance from the heart increases or as affected by a disease
state. The PPG baseline or “DC component” is influenced by
many complex factors such as thermoregulation, respiratory
state, humoral effects, and sympathetic nerve activity. PPG
can be used to approximate blood pressure, and therefore
may be used in combination with a brachial PPG for
estimation of ABI. PPG waveforms are also useful for
extraction of features indicative of level of disease progres-
sion in PAD patients. Furthermore, PPG may be used for
estimation of arterial stiffness by comparing upstream and
downstream waveforms and calculating pulse wave velocity
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or pulse transit time. The level of arterial stiffness may
indicate level of disease as it is related to level of occlusion,
plaques, and endothelial function.

[0107] With near-infrared spectroscopy two or more
wavelengths of light are used to assess oxygenation within
deeper tissue. Typically, measurement depth is 1-3 cm. A
modified Beer-Lambert law is used to calculate the oxygen-
ated and deoxygenated hemoglobin present within the mea-
surement area based on the intensity of the optical signals.
The emitter LED and the photodetector are placed side by
side a set distance apart, which is also dependent on the
wavelengths used due to tissue scattering. In an implemen-
tation, a NIRS system with 4 wavelengths of light measures
oxygenated vs. deoxygenated hemoglobin based on model-
ing the light interaction with tissue. The total hemoglobin
can also be calculated using NIRS methods.

[0108] With pulse oximetry two wavelengths of light are
emitted and measured as they interact with tissue to yield a
measure of oxygenation. Like PPG, pulse oximetry (PO)
may be trans-illumination (emitter-toe-detector setup) or
may use reflectance in a side by side configuration. PO
yields blood oxygenation values in relative terms, and
therefore total hemoglobin is not measured as it is with
NIRS.

[0109] Blood pressure, particularly segmental pressures
compared to brachial pressure, are the most accepted method
for diagnosis of peripheral arterial disease. Blood pressure as
measured at the ankle is most clinically accepted, where a
cuff is applied at the base of the leg.

[0110] The dorsalis pedis or posterior tibial artery are
monitored via doppler ultrasound or tonometer to indicate
the maximum pressure present in the monitored artery as
pressure is released from the cuff after full arterial occlusion.

[0111] To determine a patient’s Ankle-Brachial Index
(ABI), the maximum pressure recorded in the leg of interest
is compared to the maximum blood pressure as measured in
both arms via the brachial artery. The ABI is determined as
a ratio between the ankle pressure to brachial pressure. ABI
is the usual standard for diagnosis of peripheral arterial
disease and classification of severity. Ankle-brachial index
generally decreases with disease severity. Both the Ruther-
ford and Fontaine scales are commonly-referenced scales to
relating symptoms to disease progression.

[0112] Pulse Volume Recording (PVR) and/or segmental
pressures, such as calf blood pressure and plethysmography
as measured with a cuff placed below the knee, or toe blood
pressure as a final distal measure of blood pressure changes
in the limb may also be clinically useful. When recorded as
pressure waveforms, changes in features such as presence/
loss of dichrotic notch, loss of amplitude, and general
flattening of the waveform or an absence of the waveform in
cases of incompressibility due to severe calcification. Seg-
mental pressures may be measured at various locations such
as high thigh, low thigh, calf, ankle, and foot.

[0113] Pulse Wave Velocity (PWV) or Pulse Transit Time
(PTT) may be non-invasively recorded from doppler,
tonometer, or photoplethysmography-based measurements
as features on an upstream pulse are assessed relative to a
peripheral pulse, particularly in vessels of the extremity, e.g.
brachial artery and dorsalis pedis. The distance of between
the measurement points is known and is used to calculate the
pulse wave velocity. PWV is a measure of arterial stiffness
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and has been shown to be correlated with vascular damage
and atherosclerosis. PAD is a disease involving atheroscle-
rosis in the extremities.

[0114] Tissue oxygenation of local muscle area, which is
affected by the vascular delivery via resistance vasculature,
as well as the metabolic demand and use of aerobic meta-
bolic pathways, which are changed in peripheral arterial
disease compared to healthy muscle.

[0115] Other clinical assessments or measurement tech-
niques may be used.

[0116] Based on the prescribed stretching program deter-
mined using a clinical splint, such as any of splints 100, 200,
300, or 400 described above, a therapeutic splint may be
provided to the patient. The therapeutic splint comprises a
mechanical stop adapted to prevent the dorsiflexion angle
provided by the splint to be greater than the prescribed
dorsiflexion angle in the stretching program. In other words,
the mechanical stop is adapted to prevent the angle between
a foot support surface and a leg support surface on the
therapeutic splint from decreasing beyond a prescribed
dorsiflexion angle. For example, the clinician may configure
the therapeutic splint to set the mechanical stop to be at an
angle equal to the prescribed dorsiflexion angle in the
stretching program. FIGS. 9-16 provide various exemplary
implementations of therapeutic splints in accordance with
the teachings of this disclosure. While particular examples
are provided herein, this disclosure is not limited to the
examples provided herein.

[0117] FIG. 9 illustrates a therapeutic splint 900 with a
dorsiflexion limiter 902. The splint 900 comprises a leg
support surface 904 that defines a cavity 906 for receiving a
lower leg of a patient. In the example shown in FIG. 9, the
leg support surface 904 comprises a u-shaped cross section,
though other cross-sectional shapes may be used such as a
v-shaped or square-shaped cross section.

[0118] The splint 900 also comprises a foot support sur-
face 908 adapted to receive a plantar portion of a foot of the
patient. In the example show in FIG. 9, the foot support
surface 908 comprises a heel cup and raised sides for
securely maintaining the foot of the patient therein, though
in some implementations, the foot support surface 908 may
be substantially flat. A hinge 910 couples the foot support
surface 908 at the heel cup to a side surface (e.g., a side of
the u-shaped surface spaced apart from a longitudinal inflec-
tion along the length of the leg support surface 904) on the
bottom of the leg support surface 904. In the example shown
in FIG. 9, the hinge 910 comprises a pivot point on each of
the foot support surface 908 and the leg support surface 904.
In some implementations, the hinge 910 may be fixedly
coupled to in integrated on one of the foot support surface
908 or the leg support surface 904 and rotationally coupled
via a pivot to the other of the foot support surface 908 or the
leg support surface 904. A second hinge (not shown) couples
the foot support surface 908 on the other side of the heel cup
opposite from the hinge 910 to a side surface opposite the
cavity 906 on the bottom of the leg support surface 904.
[0119] The hinge 910 and the second hinge rotationally
couple the foot support surface 908 to the leg support surface
904 to facilitate dorsiflexion and plantar flexion (e.g., release
of dorsiflexion) while minimizing motion in other planes. In
other words, the hinge 910 and the second hinge facilitate
rotation of the foot support surface 908 relative to the leg
support surface 904 between a first configuration and a
second configuration. In the first configuration, the foot



US 2019/0159728 A1

support surface 908 is at a first angle to the leg support
surface 904. For example, the first angle may be between
80-100°, typically at approximately 90°. In the second
configuration, the foot support surface 908 is at a second
angle to the leg support surface 904, where the second angle
is less than the first angle.

[0120] The leg support surface 904 and the foot support
surface 908 are constructed of rigid materials, such as a rigid
plastic, wood, metal, ceramic or other such rigid materials to
maintain proper placement and alignment of a patient’s leg
and foot within the splint 900. In the example shown in FIG.
9, the leg support surface 904 and the foot support surface
908 are line with a foam liner. Other liner materials may be
used, such as a gel or fabric liner. In some implementations,
one or both of the leg support surface 904 and the foot
support surface 908 may not have a liner material.

[0121] Straps provide a low cost and effective mechanism
for maintaining the leg position in the splint 900, that is heel
placed in the back of the heel cup on the foot support surface
908 and the leg support surface 904 maintains contact with
the lower leg for alignment therebetween. In the example
shown in FIG. 9, the splint 900 includes a leg strap 912 and
an ankle strap 914. The leg strap 912 extends from a first
side to a second side of the leg support surface 904 across
the cavity 906. The ankle strap 914 extends from a first side
to a second side of the foot support surface 908, across the
heel cup in the example shown in FIG. 9. In some imple-
mentations, additional straps may be included. For example,
a foot strap across an end of the foot support surface 908
opposite from the heel cup to maintain positive contact
between a patient’s foot and the foot support surface 908. In
another example, one or more straps may extend around a
patient’s leg above their knee to maintain the patient’s leg in
an extended position.

[0122] A dorsiflexion strap 916 is coupled between the leg
support surface 904 and the foot support surface 908 to
maintain dorsiflexion when tightened and release dorsiflex-
ion when loosened. As the dorsiflexion strap 916 is tight-
ened, the dorsiflexion angle increases. While the dorsiflex-
ion angle increases, an angle between the foot support
surface 908 and the leg support surface 904 decreases. The
dorsiflexion strap 916 is coupled to a first side of the leg
support surface 904 at a location spaced apart from the hinge
910 more than half the length of the leg support surface 904.
Likewise, the dorsiflexion strap 916 is coupled to a first side
of the food support surface 908 at a location spaced apart
from the hinge 910 more than half the length of the foot
support surface 908. A second dorsiflexion strap (not shown)
is coupled between the leg support surface 904 and the foot
support surface 908 on a side opposite from the dorsiflexion
strap 916.

[0123] The leg strap 912, the ankle strap 914, and the
dorsiflexion strap 916 are adjustable length straps shown in
the example of FIG. 9 as a cinch strap with a hook and pile
cloth anchor for maintaining a desired length, though other
types of straps may be used. Other anchor mechanisms may
be used, such as buttons, buckles or the like for maintaining
a strap at a desired length. The straps may alternatively or
additionally be a side release buckle strap, a cam buckle
strap, a lashing strap, a ratchet strap, or other such adjustable
length strap or buckle. In the example shown in FI1G. 9, each
of the leg strap 912 and the ankle strap 914 comprise
padding adapted to maintain contact between the strap and
a patient’s leg or ankle. Any additional straps that make
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contact with a patient’s leg or foot may additionally include
padding at the patient contact locations.

[0124] In the example shown in FIG. 9, the splint 900 is
an anterior entry splint where the cavity 906 of the leg
support surface faces towards an extended end of the foot
support surface 908. Accordingly, an anterior side of the
splint 900 is a side of the splint 900 towards which the cavity
906 faces (e.g., the “left” side of FIG. 9 as shown). Likewise,
a posterior side of the splint 900 is a side of the splint 900
opposite from which the cavity 906 faces (e.g., the “right”
side of FI1G. 9 as shown).

[0125] As shown in FIG. 9, the dorsiflexion limiter 902 is
mounted at the posterior side of the foot support surface 908,
such as on a back surface of the heel cup. The dorsiflexion
limiter 902 prevents the dorsiflexion angle from exceeding
a maximum dorsiflexion angle such that the splint 900
achieves a prescribed dorsiflexion of the foot. In other
words, the dorsiflexion limiter 902 prevents the angle
between the foot support surface 908 and the leg support
surface 904 from being reduced beyond a minimum angle.
[0126] Inthe example of FIG. 9 (and FIGS. 10A and 10B),
the dorsiflexion limiter 902 includes a bar 918 with an
enclosed slot 924 therethrough. The bar 918 has a fixed end
and a sliding end. The fixed end of the bar 918 is positioned
within a housing 920 and fixedly located therein via a
locking pin 922. The locking pin 922 may be a screw, rivet,
bolt, or other such pin for affixing the fixed end of the bar
918 to the housing 920. Other means of affixing the bar 918
to the housing 920 may be used. such as gluing or welding.
[0127] A sliding end of the bar 918 is positioned within a
housing 926 in a sliding relationship. For example, the
housing 926 comprises a groove (not shown) within which
the bar 918 is received and slides along. A dorsiflexion stop
928 is positioned through the slot 924 along a length of the
housing 926 for limiting an extent that the housing 920 and
the housing 926 may be separated. The dorsiflexion stop 928
may be a screw, rivet, bolt, or other such pin for affixing to
the housing 926 through the slot 924. In some implemen-
tations, the housing 926 comprises a plurality of pre-estab-
lished locations (e.g., pre-drilled holes) for insertion of the
dorsiflexion stop 928 at regular dorsiflexion angle incre-
ments (e.g., every 5° of dorsiflexion). Working in conjunc-
tion with the hinge 910, the dorsiflexion stop 928 establishes
a limit for the maximum dorsiflexion angle. In other words,
the dorsiflexion stop 928 limits how much less the angle
between the foot support surface 908 and the leg support
surface 904 may decrease.

[0128] In the example shown in FIGS. 9, 10A, and 10B,
the housing 920 is located on the foot support surface 908,
such as at the ankle cup and the housing 926 is located on
the leg support surface 904. In some implementations, the
location of the housing 920 and housing 926 may be
reversed.

[0129] As shown in FIGS. 10A and 10B, one or more
patient compliance sensors may be integrated into the splint
900. For example, within the housing 926 of the dorsiflexion
limiter 902, one or more sensors may be placed at regular
intervals along a path of the bar 918. Each sensor may span
across a width of the slot 924 in the bar 918 and sense
whether the bar 918 is present at a respective sensor loca-
tion. For example, a first sensor 1002 is positioned at a first
location in the housing 926 for sensing when the bar 918 is
fully inserted into the housing 926 (e.g., the foot support
surface 908 is at approximately a 90° angle to the leg support
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surface 904). A second sensor 1004 is positioned at a second
location in the housing 926 at an intermediate location along
a path of the bar 918. A third sensor 1006 is positioned at a
third location in the housing 926 for sensing when the bar
918 is fully extended from the housing 926 (e.g., the foot
support surface 908 is at a maximum possible dorsiflexion
angle to the leg support surface 904).

[0130] As shown in FIG. 10B, the bar 918 is located at a
partially extended position so that some, but not all sensors
are activated, allowing determination of applied dorsiflexion
angle regardless of whether contact with the dorsiflexion
stop 928 on the dorsiflexion limiter 902 was achieved. Note
that it is also possible to have zero sensors activated,
depending on the level of dorsiflexion applied and the
number of sensing elements used. The number and place-
ment of sensing elements determine the resolution of the
dorsiflexion angle measurement.

[0131] A micro-controller 1008 is wired or wirelessly
coupled to the sensors 1002-1006 for sensing a location of
the bar 918 within the housing 926 and for logging patient
compliance with the stretching program. For example,
patient compliance parameters logged by the micro-control-
ler 1008 include a sensed dorsiflexion angle maintained by
the splint 900 during a stretching session, whether the sensed
dorsiflexion angle is equal to the prescribed dorsiflexion
angle, how frequent the splint 900 is used for stretching
sessions and for how long each stretching session lasts.
Other patient compliance parameters may be sensed or
logged by the micro-controller 1008, such as a date and time
of a stretching session.

[0132] Upon returning to a clinic, the logs from the
micro-controller 1008 may be provided to the remote read-
out/control devices 224a, 2245 for evaluation and modifi-
cation of the stretching program prescribed to a patient. A
clinician may recommend a prescriptive change in dorsi-
flexion angle when the patient is ready to progress to a
greater stretch treatment or larger dorsiflexion angle accord-
ing to clinical assessment or feedback from sensing devices
attached to a clinical evaluation splint. This may occur after
an initial treatment period of stretching using a lower setting.
[0133] Accordingly, the app of diagnostic/tracking soft-
ware on the control devices 224a, 224b enables a clinician
to review past data entries, monitor recordings in real time,
as well as download data obtained from a smart home splint
900, if prescribed. If the Home splint 900 version is not
outfitted with sensors for monitoring or compliance data, the
clinician may use the app to manually document patient
self-reported use information. The app also allows the
clinician to track past prescriptions for stretching treatment,
enter new prescriptions, and track other relevant programs
and variables the patient may participate in, such as new or
changed diagnoses, physical therapy, supervised exercise,
self-reported exercise, or other biometric measurements
which inform the use and prescription of stretching treat-
ments. The stretching treatments themselves are also
tracked, such as dorsiflexion angle prescribed (or actual
angle achieved, which may be different for compliance-
monitored patients), duration of total treatment (weeks
treated), frequency of treatment sessions, and timing of
treatment sessions (i.e., how long the splint is applied for
each session).

[0134] FIG. 11 illustrates an anterior-entry therapeutic
splint 1100 with a goniometer hinge 1102. The splint 1100
is substantially the same as the splint 900 with the hinge 910
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and dorsiflexion limiter 902 replaced with the goniometer
hinge 1102. The goniometer hinge 1102 couples the foot
support surface 908 to the leg support surface 904 on a first
side. A second goniometer hinge 1106 couples the foot
support surface 908 to the leg support surface 904 on a
second side, opposite to the first side. The first side may be
located along one of the medial or lateral side of a patient’s
ankle and the second side is located along the other of the
medial or lateral side of a patient’s ankle. The goniometer
hinge 1102 comprises a mechanical stop 1104 for setting the
maximum dorsiflexion angle. The mechanical stop 1104
may be configured and locked in place at a clinic based on
a prescribed stretching program.

[0135] As with the splint 900, one or more sensors may be
coupled to the goniometer hinge 1102 and/or goniometer
hinge 1106 to measure patient compliance. The angle may
be measured by markings on the splint 1100, markings on
the hinge, markings on the goniometer 1102, 1106, or
measured via sensing mechanism with numerical display on
a screen (not shown). The screen may be small and attached
to the splint 1100 or the splint angle may be sent to a
microcontroller for wireless transmission to a computer or
mobile device for display within an app.

[0136] FIG. 12 illustrates an anterior-entry therapeutic
splint 1200 with a set screw hinge 1202. The splint 1200 is
substantially the same as the splint 900 with the hinge 910
and dorsiflexion limiter 902 replaced with the set screw
hinge 1202. A set screw 1204 limits a maximum dorsiflexion
angle achieved by the splint 1200. The set screw 1204 may
be configured and locked in place at a clinic based on a
prescribed stretching program. As with the splint 900, one or
more sensors may be coupled to the set screw hinge 1202 to
measure patient compliance.

[0137] FIGS. 13A-13C illustrate a motorized anterior-
entry therapeutic splint 1300. The motorized splint 1300
facilitates automation of application of dorsiflexion through
a motorized dorsiflexion limiter 1302. The motorized dor-
siflexion limiter 1302 may be located on the splint 1300 at
a similar location to the dorsiflexion limiter 902. Other
locations for the motorized dorsiflexion limiter 1302 may be
used, such as placed near the ankle, built into the hinge, or
placed under the foot support surface 908 to push the toe
region towards the leg support surface 904.

[0138] A control unit 1304 is wired or wirelessly coupled
to the motorized dorsiflexion limiter 1302 for control
thereof. The control unit 1304 may comprise one or more
buttons on the control unit 1304 or on a remote control 1308
for controlling activation of the motorized dorsiflexion lim-
iter 1302 to apply or release dorsiflexion. When a button on
the control unit 1304 or remote control 1308 is pushed, a
signal is sent from the control unit 1304 to the motorized
dorsiflexion limiter 1302 to increase or decrease an applied
dorsiflexion angle depending on a current state of the splint
1300 (e.g., dorsiflexion applied or released). Upon reaching
a maximum or minimum dorsiflexion angle, the control unit
1304 stops the motorized dorsiflexion limiter 1302. The
maximum dorsiflexion angle may be programmed into the
control unit 1304 at a clinic based on a prescribed stretching
program. One or more batteries 1306 may be provided with
the control unit 1304 for supplying power to the control unit
1304 and the motorized dorsiflexion limiter 1302. A display
1309 may show a current dorsiflexion angle of the splint
1300. The splint may additionally include a control unit
mount 1310 for mounting the control unit 1304 to the leg
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support surface 904 of the splint 1300, as shown in FIG.
13B. As with the splint 900, the control unit 1304 may log
patient compliance parameters.

[0139] As shown in FIG. 13C, the motorized dorsiflexion
limiter 1302 comprises a motor 1312. The motor 1312 may
be a servo motor or stepper motor in some implementations.
The control unit 1304 may be programmed to control the
dorsiflexion angle by controlling the motor 1312 through
activation by a number of steps, number of rotations, or
rotation time, depending on motor design selected or acti-
vation of mechanical stops that impede the splint from
dorsiflexing farther than desired. Likewise, plantar flexion
may be achieved when the motor 1312 is reversed.

[0140] The motor 1312 is coupled to a screw 1314 via a
coupling 1316 such that activation of the motor 1312 causes
the screw 1314 to be rotated. The screw 1314 in turn is
coupled to a threaded guide 1318. In the example shown in
FIGS. 13A-13C, the threaded guide 1318 is affixed to the
foot supporting surface 908, such as on the heel cup. The
motor 1312 is affixed to the leg supporting surface 904 and
the screw 1314 and coupling 1316 extend therebetween. In
some implementations, the location of the threaded guide
1318 and the motor 1312 may be reversed.

[0141] FIG. 14 illustrates a posterior-entry therapeutic
splint 1400 with the goniometer hinge 1102. The splint 1400
is substantially the same as the splint 900, but the cavity 906
for the leg supporting surface 904 faces in the opposite
direction to facilitate posterior entry into the splint 1400. A
posterior entry splint is easier to use for frail patients, and
maintains good skin contact for sensors on the posterior side
of the calf if housed in a flexible sleeve or strap. The leg
supporting surface 904 may have a rigid piece on the
anterior of the calf and open or soft posterior side where a
strap secures the back of the calf in place. The foot sup-
porting surface 908 may include heel cup or may have an
open heel design so the foot may slide in easily.

[0142] Additionally, the posterior entry splint 1400 may
be used in conjunction with a ratcheting hinge. In operation,
a patient’s leg enters the splint 1400 posteriorly and then the
subject leans forward to induce the desired level of dorsi-
flexion from a seated or semi-seated position.

[0143] While a particular implementation of the anterior
entry splint 1400 is described above, any of the above
embodiments may be configured for anterior entry similar to
the splint 1400.

[0144] If plantar support and plantar sensing is not
required for the splint 1400, the splint 1400 configuration
can be completely anterior, e.g. along the front of the calf
and along the top of the foot for posterior entry of the leg.
This is advantageous for a ratcheting hinge design that asks
the user to lean into the desired level of dorsiflexion prior to
extending the knee for the treatment session.

[0145] In this implementation, the foot supporting surface
908 rests upon and makes contact with a dorsal portion a
patient’s foot. The foot supporting surface 908 may have one
or more contours for conforming to a shape of the dorsal
portion of the patient’s foot and ankle. One or more straps
may extend from the foot supporting surface 908 around a
plantar portion of the patient’s foot for securely maintaining
contact between the foot supporting surface 908 and the
dorsal portion of the patient’s foot. A dorsiflexion limiter
may extend at an angle from a top surface of the foot
supporting surface 908 to the leg supporting surface 904.
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Other variations and configurations are contemplated con-
sistent with the teachings of the pending disclosure.

[0146] Additive manufacturing presents additional possi-
bilities for vascular splints. This may allow splints to be
produced to match the desired dorsiflexion prescription for
a specific patient. Additionally, patient-specific body scans
can allow customization of a curvature and sizing for
optimal fit and addition of sensor insertion locations that
may be specific for that patient or patient subgroup. These
splints may change simple parameters such as overall size
and curvature of an existing design, or may utilize geometric
information about the entire lower leg to create a new, fully
conformed custom splint which dorsiflexes to the prescribed
level. Hinges for additive manufactured splints may be
added post-printing, produced separately via additive manu-
facturing methods and then assembled (such as in FIGS.
15A-15B), or produced fully assembled in a single run (FIG.
16).

[0147] FIGS. 15A and 15B illustrate an additive manu-
factured therapeutic splint 1500 with an assembled hinge
1506. The splint 1500 comprises separately additive manu-
factured leg supporting surface 1502 and foot supporting
surface 1504. A hinge 1506 may be added or produced
separately via additive manufacturing and assembled with
the leg supporting surface 1502 and foot supporting surface
1504 to construct the splint 1500. The dorsiflexion angle is
established by a cam surface 1508 on the leg supporting
surface 1502 and a cam block 1510 on the foot supporting
surface 1504. Upon rotation of the leg supporting surface
1502 and foot supporting surface 1504 to the prescribed
dorsiflexion angle the cam block 1510 interferes with the
cam surface 1508 and prevents further relative rotation
therebetween. A sensor window 1512 provides for insertion
of near-infrared spectroscopy or other sensing devices for
use with the splint 1500. The splint 1500 also comprises a
plurality of strap slots 1514 for providing one or more of a
foot strap, ankle strap, and one or more leg straps.

[0148] FIG. 16 illustrates an additive manufactured thera-
peutic splint 1600 with an integrated hinge 1602. The splint
1600 is constructed substantially similar to the splint 1500
apart from the integrated hinge 1602. The splint 1600
comprises a cam surface 1604 and a cam block 1606 for
setting the maximum dorsiflexion angle. This splint 1600
was produced without support material, and may also be
produced with secondary material for hinge spacing.
[0149] Other embodiments of mechanisms for setting the
desired dorsiflexion angle are contemplated by this disclo-
sure. For example a tension-based control of dorsiflexion
splinting is contemplated. With such devices a stainless steel
wire is threaded through a system of guides and an adjust-
ment knob allows a mechanical advantage (e.g., 4:1) when
tightening the knob.

[0150] The various embodiments described above are pro-
vided by way of illustration only and should not be con-
strued to limit the scope of the present disclosure. Those
skilled in the art will readily recognize that various modi-
fications and changes may be made to the present disclosure
without following the example embodiments and implemen-
tations illustrated and described herein, and without depart-
ing from the spirit and scope of the disclosure and claims
here appended and those which may be filed in non-provi-
sional patent application(s). Therefore, other modifications
or embodiments as may be suggested by the teachings herein
are particularly reserved.
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1. A splint for a diagnostic test and/or therapeutic treat-
ment of patients with a vascular impairment, comprising:

a leg support surface that defines a first cavity adapted to
receive a lower leg of a patient;

a foot support surface adapted to receive a portion of a
foot of the patient, the foot support surface coupled to
the leg support surface;

a hinge coupled to the foot support surface to facilitate
rotation of the foot support surface relative to the leg
support surface between a first configuration and a
second configuration, wherein the first configuration of
the hinge comprises the foot support surface at a first
angle to the leg support surface, and wherein the second
configuration of the hinge comprises the foot support
surface at a second angle to the leg support surface,
wherein the second angle is less than the first angle;

a mechanical stop adapted to prevent rotation of the foot
support surface relative to the leg support surface to an
angle less than the second angle.

2. The splint of claim 1, wherein the first angle is in a

range between 80-100°.

3. The splint of claim 2, wherein the second angle is
between 5-30° less than the first angle.

4. The splint of claim 1, wherein the foot support surface
defines a second cavity adapted to receive the foot of the
patient.

5. The splint of claim 4, wherein the foot support surface
defines a heel cup adapted to support a heel of the foot of the
patient.

6. The splint of claim 4, further comprising:

a first releasable strap coupled to the leg support surface
across the first cavity in a first splinted configuration
adapted to restrict relative movement between the leg
support surface and the lower leg of the patient; and

a second releasable strap coupled to the foot support
surface across the second cavity in a second splinted
configuration adapted to restrict relative movement
between the foot support surface and the foot of the
patient.

7. The splint of claim 6, further comprising:

a third adjustable length strap coupled to the leg support
surface at a first location and coupled to the foot
support surface at a second location, wherein a length
of the third adjustable strap between the first location
and the second location is less in the second configu-
ration of the hinge than in the first configuration of the
hinge.

8. The splint of claim 7, further comprising:

a fourth adjustable length strap coupled to the leg support
surface at a third location opposite the first cavity from
the first location and coupled to the foot support surface
at a fourth location, opposite from the second location,
wherein a length of the fourth adjustable strap between
the third location and the fourth location is less in the
second configuration of the hinge than in the first
configuration of the hinge.

9. The splint of claim 7, wherein the third adjustable
length strap is one of a group of adjustable length straps
consisting of: a cinch strap; a side release buckle strap; a
cam buckle strap; a lashing strap; or a ratchet strap.

10. The splint of claim 1, wherein an opening for the first
cavity faces towards the foot support surface.

11. The splint of claim 1, wherein an opening for the first
cavity faces away from the foot support surface.
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12. The splint of claim 1, wherein the mechanical stop is
configured to set the second angle to induce local ischemia
in a plantar flexor muscle of the lower leg of the patient.

13. The splint of claim 1, wherein the mechanical stop
comprises:

an elongated bar with a groove therethrough and com-
prising a fixed end and a sliding end, wherein the fixed
end is fixedly coupled to one of the leg support surface
or the foot support surface, and wherein the sliding end
is slidingly coupled to the other of the leg support
surface or the foot support surface; and

a pin coupled through the groove to a fixed location along
the other of the leg support surface or the foot support
surface and adapted to prevent the sliding end of the
elongated bar from sliding past the pin.

14. The splint of claim 13, wherein the fixed location is
one of a plurality of fixed locations along the other of the leg
support surface or the foot support surface to which the pin
is configured to be coupled.

15. The splint of claim 13, wherein the other of the leg
support surface or the foot support surface comprises a
groove within which the sliding end is adapted to slide
along.

16. The splint of claim 13, wherein the pin comprises a
flange, wherein the sliding end is slidingly coupled to the
other of the leg support surface or the foot support surface
via the flange.

17. The splint of claim 1, wherein the hinge comprises an
articulating and/or ratcheting hinge, and wherein the
mechanical stop comprises a variable stop for setting the
second angle.

18. The splint of claim 1, wherein the mechanical stop
comprises:

a threaded guide fixedly coupled to one of the leg support

surface or the foot support surface;

a motor fixedly coupled to the other of the leg support
surface or the foot support surface, the motor compris-
ing a drive shaft;

a screw coupled to the motor drive shaft for rotation
therewith and threadedly coupled to the threaded guide.

19. The splint of claim 18, further comprising:

a motor driver coupled to the motor and configured to
supply power to the motor for rotation of the drive
shaft.

20. The splint of claim 19, further comprising:

a remote control wired or wirelessly coupled to the motor
driver and configured to supply an instruction to initiate
rotation of the drive shaft.

21. The splint of claim 20, further comprising:

a battery coupled to the motor driver for supplying power
to the motor driver and the motor.

22. The splint of claim 1, further comprising:

a near-infrared spectroscopy oxygenation sensor.

23. A splint system for diagnostic and/or therapeutic
functions for a patient with a vascular impairment, compris-
ing:

a splint having:

a leg supporting portion and a foot supporting portion,
that are configured to support and secure the leg and
foot of the patient;

a locally and/or remotely controllable portion for set-
ting a dorsiflexion angle of the foot of the patient,
including electrical and/or mechanical controls and
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one or more actuators for setting of the dorsiflexion
angle, for providing treatment to improve vascular
function; and

a plurality of physiological parameter sensors for mea-
suring physiological parameters of the leg and/or
foot of the patient, wherein the physiological param-
eters are associated with vascular function in the leg
and/or foot of the patient.

24. The splint system of claim 23, wherein the vascular
impairment is peripheral arterial disease (PAD).

25. The splint system of claim 23, wherein the treatment
to improve the vascular function comprises improving blood
flow and/or oxygenation.

26. The splint system of claim 23, wherein setting a
dorsiflexion angle of the foot of the patient comprises
holding the foot at a predetermined dorsiflexion angle using
a plate that is located at the foot supporting portion of the
splint and is operatively coupled to the one or more actua-
tors.

27. The splint system of claim 23, wherein the leg
supporting portion extends behind the knee of the patient to
prevent bending of the knee during use of the splint.

28. The splint system of claim 23, wherein the sensors
comprise one or more sensors for measuring tension applied
by the splint to the leg and/or foot.

29. The splint system of claim 28, wherein the splint
further comprises one or more components for preventing
the tension applied by the splint to reach or exceed a level
associated with a clinically undesirable result.

30. The splint system of claim 23, wherein the physi-
ological parameters comprise one or more of?

oxygen saturation,

pulse;

blood pressure;

ankle-brachial index;
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pulse wave velocity;

femoral bruit;

skin temperature; or

blood flow velocity.

31. The splint system of claim 23, wherein the sensors
comprise one or more of:

at least one blood pressure cuff,

at least one bruit sensor;

at least one dorsiflexion angle sensor;

at least one near infrared spectroscopy contact point;

at least one doppler ultrasound device or tonometer;

at least one photoplethysmogram;

at least one tensiometer;

at least one plantar pressure measurement sensor;

at least one dorsalis pedis sensor; or

at least one skin temperature sensor.

32. The splint system of claim 23, wherein the system
further comprises one or more sensors disposed separately
from the splint, and wherein the sensors of the splint and/or
the one or more sensors disposed separately comprise at
least one of:

a brachial cuff;

an ankle cuff, or

a blood pressure cuff integrated with the splint.

33. The splint system of claim 23, wherein the system
further comprises one or more computing devices coupled
via wired and/or wireless connections to the splint, config-
ured for displaying visual representations of the measured
physiological parameters and/or entry of data associated
with the measured physiological parameters.

34. The splint system of any one of claim 23, wherein the
system further comprises a remote control device configured
to remotely control the dorsiflexion angle.
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