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Plastic Architecture ï Part I
 The resistance to bending due to shape

The use of custom plastic AFO for many clinical 
applications has been well established over the last 20 
years.  Understanding how the shape or plastic architecture 
of these devices changes the rigidity is necessary in  
designing the appropriate orthosis.  This ýrst article will 
review the concept of moment of inertia or the resistance 
to bending of a material and demonstrate its application 
to the design of various ankle foot orthoses. 

Moment of Inertia ï The resistance to bending 

The bending characteristics of a polypropylene style AFO 
relates directly to its Moment of Inertia which in turn is 
directly related itôs resistance to bend. This concept is 
illustrated in Figure 1.  This section of material (Fig 1A), 
which could be like a sheet of polypropylene, is submitted 
to bending forces as shown in Fig 1B and Fig 1C.  The 
material is being deformed about the neutral axis illustrated 
as a purple circle in both ýgures. The resistance to bending 
is related to how much material is distributed on each side 
of this axis or purple lines (Figs. 1B & 1C). In both Figs. 1B 

and 1C, the material above the neutral axis will be stretched 
or pulled apart (tension) and the material below the neutral 
axis will be squeezing together (compression).

The formula states that this resistance to bending or 
moment of inertia is directly related to the amount of 
material distributed away from this central axis (purple 
lines in B and C) and even to a greater degree to how 
much this material is distributed away from this line. This 
means the distance factor (ñyò in the diagrams B &C) is 
more signiýcant, as it is not just a one to one relationship 
but one that is a multiple factor. Therefore the more you 
can make your polypropylene material further away from 
the bending axis the more rigid it will be. When bending 
the object in a plane parallel to the P surface (ýg 1B) it 
will offer more resistance to bending than doing the same 
thing parallel to surface Q (ýg 1C). This is in large part 
due to the increased distance (y) of the material from the 
neutral axis.
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Application to polypropylene Ankle Foot Orthoses

The concept of moment of inertia has very practical 
applications to polypropylene ankle foot orthoses.  The 
cross sectional area (X-X) of a þexible AFO (ýg. 2A) has 
a distribution of the material close to the neutral axis when 
looking from the front of the brace (ýg 2B).  This results 
in a low resistance to plantar/dorsiþexion of the þexible 
AFO and therefore a decreased moment of inertia.

Compared to the  front view of the AFO (Fig. 2C), the 
resistance to bending or an inversion/eversion movement 
(Fig. 2C) is substantially greater.  This is due to the material 
of the orthosis being further (indicated by arrows) away 
from the neutral axis in the side view. This produces a 
greater resistance to bending and moment of inertia.

To match the needs of the patientôs ankle joint, the 
appropriate plastic shape of the orthosis must be created 
so the AFO bends properly and does not break or fracture 
easily.  For example, if a þexible AFO is made for a patient 
with a paralyzed ankle (no muscle power) and a sharp 
achilles tendon (Fig 3A), the shape of the plastic at the 

ankle axis (Fig. 3B) may not allow the orthosis to bend 
properly.  The cross-sectional area (Xï X) of the orthosis 
(Fig 3B) creates a poor structure for allowing for good 
bending characteristics for dorsiþexion/plantarþexion.  If 
this shaped orthosis is cut back to increase the þexibility, 
the plastic becomes very narrow and is more likely to 
break.  A Plaster modification or rectification to the 
positive cast in the achilles tendon area as shown in Fig. 
3C, can create a much better shape for both þexibility and 
strength of the orthosis  as compared to the one in Fig. 3B.  
The result is an orthosis that does not match the shape of 
the achilles tendon cosmetically but does produce good 
bending qualites for dorsiþexion/plantarþexion in the AFO 
and also good resistance to inversion/eversion.

ýgure 3. Cast modiýcation for þexible AFO bending characteristics. 
The cross section (X-X) at the ankle of a patient with a prominent 
achilles tendon (A) produces a long narrow shape posteriorly (B). 
The result is a high resistance bending of the orthosis in dorsiþexion/
plantarþexion of an orthosis which is trimmed back to a very narrow 
width and is susceptible to breakage. The addition of plaster to the 
positive cast on each side of the achilles tendon changes the cross 
sectional area (Y - Y) to create a decreased resistance to bending 
in the sagittal plane with enough width of material remaining to be 
resistant to breakage.

Figure 2. Resistance to bending of plantarþexion resist AFO. This 
þexible orthosis (A) has a large cross sectional surface area at 
the ankle axis (X - X). The cross sectional area is located close 
to the neutral axis for dorsi/plantarþexion (B) producing a small 
resistance to bending about this axis. The same cross sectional area 
is distributed further from the neutral axis for inversion/eversion 
creating a greater resistance to bending about the subtalar joint.




