ORTHOTICS AND BIOMECHANICS

Digital Scanning for
Orthoses
It’s all about positioning!
BY DOUGLAS RICHIE, DPM

Introduction
Digital scanning has gained increased popularity in the podiatric
profession as an alternative to traditional negative impression casting for
the fabrication of custom foot orthoses and ankle-foot orthoses. Accompanying this trend is confusion and
misinformation about the accuracy of
digital scanning as well as the acceptable positioning of the patient during
the scanning process.
History
Custom foot orthoses and ankle-foot orthoses have traditionally been fabricated from impression
casts and positive molds using plaster of Paris material. These traditional methods of custom lower extremity orthosis manufacturing are
time-consuming, labor-intensive,
environmentally hazardous, and require use of large amounts of consumable materials.1
As a result of these shortcomings,
digital technology has gradually replaced plaster of Paris in all aspects
of custom lower extremity orthotic
manufacturing. Digital scanning uses
technology which can capture the
three dimensional (3-D) shape of the
leg, foot, and ankle. 3,4 In addition,
digital technology is now used to create a 3-D model of the foot or ankle
without the need for plaster. As a result, adjustments or modiﬁcations of
the digital model can be made with
a computer rather than adding or
removing plaster from a traditional
positive cast.5 Finally, digital technology is now being utilized to program
machines for milling of the orthosis
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or for additive manufacturing with a
3D printer.6-8
With change comes skepticism in
our profession, and changing to new
digital technology is no exception.
Many still cling to the old school
notion that plaster of Paris is more
accurate and reliable than digital
technology. On the other end of the
spectrum, some practitioners assume
that the magic of digital technology

in each of the studies, particularly
whether the scanner required contact
with the plantar surface of the foot,
creating a partial or full weight-bearing condition. Newer scanners do
not require contact of the foot on a
footplate or mat and this appears to
enhance the shape and contour of the
resultant orthotic device.
Several studies showed differences in foot shape depending on posi-

Digital scanning has been shown in several studies
to be as accurate as plaster of Paris impression
casting to capture the shape of the foot and ankle
for the fabrication of orthoses.
obviates the need for “old school”
positioning of the patient in order to
produce an optimal cast model.
Accuracy of Digital Scanning
Digital scanning has been shown
in several studies to be as accurate
as plaster of Paris impression casting
to capture the shape of the foot and
ankle for the fabrication of orthoses.9-13 Most of these studies focused
on intra- and inter-rater reliability
when comparing certain parameters
of foot shape from the different casting methods. These studies show that
if the same practitioner took several
scans of the same foot of a patient or
if several practitioners took a scan of
that same patient’s foot, the results
would be consistent. There was variability in the type of scanner used

tion of the foot and weight-bearing
by the patient. Regardless of whether a plaster cast or a digital scan is
utilized, signiﬁcant changes in foot
shape occur when comparing neutral suspension casting vs. partial
weight-bearing and full weight-bearing patient positioning. Therefore, the
debate should not focus on accuracy
of digital scanning vs. plaster of Paris
to capture foot shape but, instead,
should focus on optimal positioning
of the foot for the best orthotic treatment outcome.
Contour of the shape of the
foot orthosis to the anatomy of the
plantar surface of the foot has been
demonstrated to be a critical factor in both the comfort and efﬁcacy of the device.14 The importance
Continued on page 74

SEPTEMBER 2021 | PODIATRY MANAGEMENT

73

ORTHOTICS AND BIOMECHANICS
arch height, and calcaneal inclination were noted
of capturing the forefoot to rearfoot
when comparing the three
alignment as originally proposed by
casting positions. With
Root, et al.15 is theoretically a major
weight-bearing, the impression cast captured a
factor in orthotic treatment efﬁcacy,
wider heel and lower arch
and this principle has been well accompared to the neutral
cepted by the podiatric profession
suspension technique.
for many years.16,17 However, it must
In a peer-reviewed
be emphasized that both shape and
published study, Tsung
forefoot to rearfoot alignment are
and co-workers compared
signiﬁcantly affected by positioning
the shape of plaster casts
the foot of the patient during the
of eight adult feet taken
casting or scanning process.
in non-weight-bearing,
semi-weight bearing and
How Does Weight-Bearing Affect
full weight-bearing condithe Casting Process?
tions. 19 Compared to the Figure 2: The neutral suspension cast: Non-weight-bearing, subtaIn 2007, Jeff Root and this author published an article in Podinon-weight-bearing foot lar neutral and forefoot maximally pronated against the rearfoot.
atry Management comparing
shape, the semi-weightthe shapes and forefoot-to-rearbearing condition produced a 6%
arch in an effort to reduce excessive
foot alignment obtained from imwider heel, a 15% decrease in arch
closed chain STJ pronation by suppression casts of a single patient
height and a 21% lowering of arch
porting the talo-navicular unit. A
in three different weight-bearing
angle. With a full weight-bearing
semi-weight-bearing or weight-bearconditions: 1) Neutral suspension
cast, compared to a non-weight-bearing cast or scan captures a pronated
foot shape with the talus in a more
plantarflexed (i.e., compensated)
position than it would be in a nonScanning or casting in a weight-bearing position will
weight-bearing, neutral suspension
result in a ﬂatter, wider foot orthosis with a lower arch
cast of the same foot.
Actively resisting talar adduction
compared to a non-weight-bearing cast technique.
and plantarﬂexion during closed chain
STJ pronation, an orthosis can reduce
the range of STJ pronation and retechnique, non-weight-bearing;
ing cast, the rearfoot width increased
duce pathological forces. An orthosis
2) Partial weight-bearing, neu8%, the arch height decreased 20%,
made from a non-weight-bearing cast
tral subtalar joint position; and 3)
and the arch angle decreased 41%.
or scan captures the proximal, medial
Full weight-bearing, neutral subtaThe lesson learned here is that
arch in its un-compensated, true anlar joint position.18 We demonstratscanning or casting in a weight-bearatomic shape, thereby providing ening position will result in a ﬂatter,
ed that when a patient with a true
hanced medial column support.
wider foot orthosis with a lower arch
forefoot valgus deformity was alFurthermore, an impression cast
compared to a non-weight-bearing
lowed to bear any weight on the foot
or scan taken of the foot during full
cast technique. While a functional
during the casting process, the foreweight-bearing captures a lower calfoot orthosis is much more than an
foot-to-rearfoot relationship changed
caneal inclination and a distorted
arch support, a well-designed funcfrom valgus to varus (Figure 1). Furforefoot to rearfoot alignment. Fitional orthosis must also support
thermore, signiﬁcant changes in genally, the wider heel contour of a
the proximal aspect of the medial
ometry of heel width, arch width,
weight-bearing cast will produce an
orthosis with poor frontal plane control of the rearfoot.
Therefore, a non-weight-bearing condition of the patient allows
proper capture of foot shape to
produce an orthosis with optimal
features to properly direct ground
reaction forces for enhanced biomechanical control. Even in a nonweight-bearing condition, variations
of positioning of the foot by the
Figure 1: Forefoot to rearfoot alignment changes signiﬁcantly in same patient when casted (A) Nonpractitioner can have signiﬁcant inDigital Scanning (from page 73)
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weight-bearing (B) Semi-weight-bearing (C) Full weight-bearing.
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ﬂuence on the ﬁnal shape and efﬁcacy of the custom orthosis.
Proper Position of the Patient by
the Practitioner
In 1971, Root, et al. published a
detailed description of the “neutral
suspension casting technique” for taking a plaster of Paris impression of
the foot for fabrication of custom foot
orthoses.20 Since that time, several authors have pointed out the challeng-
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of the foot was proposed to theoretically “lock” the midtarsal
joint for stability, which would
assure more stable control of
the custom foot orthosis during
dynamic gait. This notion of
osseous midtarsal joint “locking” has been challenged by
several researchers.24,25 However, a stiffening effect across the
midfoot joints is achieved with
moving the subtalar joint from
a pronated position to a neutral position, and this stiffening

A

The cornerstone of the neutral suspension
casting technique is positioning the
forefoot in maximal pronation against the
rearfoot which is maintained in a neutral position
at the subtalar joint.
B
C
mechanism of the midfoot has been veriﬁed in
several studies.26,27
Furthermore, pronation of the calcaneocuboid joint engages an anatomic osseous
locking which provides
sagittal plane stability across the midfoot
during heel-rise.28 ThereFigure 4: Digital scanning of the foot and ankle for AFO braces is perfore, the science appears formed optimally with the patient prone. (A) Palpating for subtalar neuto verify why the neutral tral (B) Pronating the forefoot on the rearfoot (C) Comparison of scans
suspension casting tech- showing foot hanging in space vs. proper pronation of the forefoot.
nique, positioning a fully
pronated forefoot on the rearfoot, optiessential parameters of neutral suspenmizes stability of
sion casting technique when performing
the foot. It is indigital scanning for custom foot orthoTwisting the plate
tuitive that posises and ankle-foot orthoses. In short, a
tioning the foot in
digital scan must be taken of the foot
Arch raises
its optimal stable
which is positioned in subtalar neutral
position during
while the forefoot is fully pronated on
External rotation of
digital
scanning
the rearfoot.
Midfoot
ﬁbiotalar unit
Supinated
will provide the
Simply scanning the foot “hanging
Forefoot
best model for a
in space” completely violates the core
Pronated
Hindfoot
positive orthotic
foundation of podiatric biomechanics.
Supinated
therapy outcome.
Furthermore, there is no chance that
Based upon
the fabrication laboratory can compensound science
sate or modify a scan of an improperly
Decreased tension in plantar aponeurosis
and a long track
positioned foot. The three-dimensional
record of success,
changes in foot contour which occur
when the foot is positioned in subtalar
Figure 3: Twisting the plate of foot bones to resist pronation of the rearfoot: it makes no sense
Forefoot pronation is coupled with rearfoot supination.
to abandon the
Continued on page 78
es of reliably positioning the foot in
subtalar neutral while also properly
positioning the forefoot relative to the
rearfoot using this neutral suspension
technique. 21,22 Notwithstanding, the
neutral suspension casting technique
has stood the test of time and remains
the gold standard for impression casting for custom foot orthoses in the
podiatric profession.17,23
The cornerstone of the neutral suspension casting technique is positioning the forefoot in maximal pronation
against the rearfoot which is maintained in a neutral position at the subtalar joint (Figure 2).20 This positioning

SEPTEMBER 2021 | PODIATRY MANAGEMENT

podiatrym.com

ORTHOTICS / BIOMECHANICS
Digital Scanning (from page 76)
neutral while the forefoot is pronated on the rearfoot are
unique to each patient’s anatomy and cannot be predicted
with computer modeling.
Further Reason to Pronate the Forefoot on the
Rearfoot during the Casting/Scanning Procedure
Pronation of the rearfoot is coupled with supination
of the forefoot during weight-bearing. This “compenContinued on page 79

Figure 5: Forefoot supination deformity in Adult Acquired ﬂatfoot.

A

B
Figure 6: (A) Correcting forefoot supination deformity in Stage 2 Adult
Acquired Flatfoot during impression casting. Forefoot supination (Uncorrected) Forefoot supination (Corrected). (B) Comparison of rearfoot
alignment of each cast.
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Figure 7: Reducing forefoot supinatus deformity during the digital scanning
procedure. Practitioner uses two hands to pronate the forefoot on the
rearfoot.

Digital Scanning (from page 78)
satory torsion” was originally described by Steindler in
1929.29 Later, MacConaill and Sarraﬁan both described
the “twisted plate” mechanism of the human foot
whereby pronation of the forefoot induces supination of
the rearfoot (Figure 3).30,31 According to this mechanism,
a foot orthosis which positions the forefoot into supination will induce compensatory pronation of the rearfoot.
Most feet hanging is space will demonstrate a supinated
forefoot to rearfoot relationship which can be reduced or
eliminated by simple loading of the lateral column of the
foot (Figure 4).
Capturing an impression model of a foot with maximal
“twisting” of the forefoot into pronation follows a principle
which assures reduction of pronation of the rearfoot. Essentially, pronation of the forefoot during digital scanning
will produce a foot orthosis which promotes pronation of
the forefoot which will block pronation of the rearfoot.
This observation is verified when evaluating the
pathologic changes seen in adult acquired ﬂatfoot (AAF).
The severe frontal plane eversion of the rearfoot in AAF
deformity is accompanied by equally severe inversion or
supination of the forefoot. This acquired supination deformity of the forefoot in AAF is now recognized by foot
and ankle surgeons as a primary contributor to residual
rearfoot pronation and must be corrected in order to surgically realign the rearfoot.32,33
Recognizing and reducing forefoot supination deformity is just as important in foot orthotic therapy as it is
in reconstructive surgery. In relaxed position, either off
weight-bearing or with weight-bearing, the patient with
AAF will demonstrate significant forefoot supination
(i.e., “supinatus”) deformity (Figure 5). This deformity is
acquired and reducible, as opposed to a ﬁxed congenital
forefoot varus. Forefoot supinatus must be corrected with
the orthotic casting technique in order for the orthosis to
control rearfoot pronation.
Continued on page 80
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In order to correct forefoot supinatus, the clinician must simultaneously pronate the forefoot on
the rearfoot which is positioned in
subtalar neutral. At the same time,
the practitioner should apply a gentle plantarﬂexion force to the dorsal
surface of the ﬁrst metatarsal (Figures 6,7). Signiﬁcant change in the
shape of the scan or cast will take
place as the forefoot is everted on
the rearfoot and forefoot supination
is reduced fully (Figure 8).
In contrast, leaving the forefoot
supination deformity intact during
the scanning process will produce an
orthosis which will allow free, un-restricted pronation of the rearfoot. A
simple comparison of two plaster impression casts of a patient with stage
2 AAF demonstrates the difference
in rearfoot alignment when the supination deformity of the forefoot is
corrected (Figure 6).

In summary, the non-weightbearing condition allows optimal
capture of the plantar foot contour
to assure optimal position of the
medial longitudinal arch, calcaneal
width and inclination, as well as
accurate forefoot to rearfoot alignment. Pronation of the forefoot on
the rearfoot during the casting process will follow the twisted plate

A

mechanism of the human foot which
will produce an orthosis which resists rearfoot pronation while limiting excessive sagittal plane motion
across the midfoot joints. Taking a
scan of the foot simply hanging in
space will doom the resultant orthosis to failure as it will almost always
maintain a supination deformity of
Continued on page 81

B

Figure 8: (A) Patient, prone position with un-corrected AAF deformity on right foot. (B) Optimal position for digital scanning: proper reduction of forefoot supination deformity.
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the forefoot while allowing free, unrestricted pronation
of the rearfoot. PM
Disclosure: Dr. Richie is the founder of Richie Technologies
Inc., a company which markets ankle-foot orthotic devices.
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