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Digitization in 3D of muscle and skeletal anatomical details can contribute
to the creation of anatomically accurate 3D modeling of functioning muscles.
Functional muscle modeling with joint movement(s) is in evolution at more
than one center including the authors’(1, 2, 4, 5, 23, 24, 30, 32, 35). Clinical
data can be integrated into parameterized models from such sources as data
mining of image motion capture of individuals (8, 26, 29), multi-dimensionsal
imaging studies (ultra sound (9, 21), MRI (5)), and EMG(16) This paper
reviews the optimal attributes of muscle function models and emphasizes
some clinical, educational, and research uses of realistic modeling of muscle
function for reconstructive surgeons.

Desirable attributes for a computer model of a functioning limb in-
clude (3, 6, 15, 34):
– The model creates realistic motion given single or multiple muscle

excitation(s). This is known as forward simulation.
– The model explores and presents the possibilities of muscle excitations

that would create a specified motion. This is inverse simulation.
– The model explores muscles’ function by controlling both neural activa-

tion and/or muscle contraction. Relevant performance ranges are mod-
elled.

– The model incorporates dynamic function (features that are time depend-
ent) and allows relevant flexibility within interrelated functional control
units e.g., the parts of flexor digitorum profundus to the individual digits
and the components of partitioned muscles such as the soleus. Relevant
physiology is included.

– The model incorporates in situ volumetric data of the musculotendinous
components and their complex relationships. Relevant anatomy is in-
cluded.
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Videos of the authors’ model of the 42 muscles of the hand and forearm
will be shown to illustrate the potential of 3D computer modeling of func-
tional muscles (figure 1). This computer model has been designed with the
capacity of all the above attributes.

The following is a list of some of the possible uses of 3D modeling that
a reconstructive surgeon might find helpful.
1) Assessing functional deficits with existing injury. Such a computer model

can be programmed to mimic any number of tendon and nerve injuries
and demonstrate the residual function. This can be compared with the
patient’s abilities and greater appreciation of the reconstructive needs can
be determined.

2) Planning reconstructive operations – The design of muscle flaps complete
with internal innervation considerations (figure 2) (19) and tendon transfer
(7, 17) operations can be explored on a computer model. Sphincter recon-
struction including prerequisite forces can be modeled (14). Planning cranio-
facial reconstruction has been studied from the perspective of the extraocular
muscles (27). In free functioning muscle transfers (20) computer modeling
could help explore how much of what sort of muscle and where best to
attach the origin and the insertion to achieve the desired movement. The
precision needed to get the correct result, desirable expression, (11) is
very important in muscle balancing operations in the face (13, 31).

3) Improving functional rehabilitation techniques. Greater quantification of
movement can be acquired by computer assessment of motion analysis
and 2 D and 3D ultrasound studies. These studies can demonstrate coor-
dination, range of movement (image motion capture) and the state of
contraction and relaxation of muscles (ultrasound)(9). Given this informa-

Figure 1 Screen capture of hand model with muscles shaded proportional to activity level.
Image cropped so that the computer menus are not shown.
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tion, a therapist could provide feedback and adjust approaches accord-
ingly. There is the possibility that new training models would be created
for athletes after injuries. New insights have been found into focal dysto-
nia (28). The prerequisites for self propelling a wheelchair are being modeled
(18).

4) Educating others about how muscles do what we so often take for granted.
For example : new visuals for teaching medical students and other health
care and physical training workers, new understandings of the importance
of normal hand gestures (33), exciting new web sites available to all, and
new displays at science centers.

5) Improving understanding and demonstration of the word “reconstructive”
that is still key to so much of what we do. This includes the assessment
of deficit, consideration of needs, weighing of alternative solutions and
designing the optimal use of the chosen approach(es).

6) Creating data that permits a framework to assess muscle function in cur-
rently minimally treated neuromuscular disorders and be ready to be in-
volved in new possible therapeutic interventions. For example: botox in
dystonia and spasticity

7) Establishing an understanding of muscle function in humans that will be
useful to those who study other species (22, 25).

8) Influencing the development of animation of body motion and guitar player
(10, 12).

Figure2 3-D modeling of the fiber bundle architecture and innervation of the lateral head
of gastrocnemius muscle, posterior views. A. Fiber bundle architecture. Fiber bundles are
colored and the digitized points are black. B. Innervation. The nerve distribution (medial,
central and lateral) is shown within the volume of the muscle.
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Volume data is also readily available with this modeling approach. Other
non-muscle specific models can also be used for assessing dimensions and
volume of a reconstruction.

Reconstructive surgeons have often been on the forefront embracing new
technologies and capabilities. Computer modeling is another area where crea-
tivity and expertise will lead us ahead.
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