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SUMMARY

Knowing the biomechanical consequences of tendon
transfers is important before the chosen of the muscle used
at the transfer. After irreparable extensor pollicis longus
tear it is common to use the extensor indicis propius in the
transfer. However little is known about the consequences
of this transfer. In this study we simulate the surgery and
concluded that the gains are greater than the losses after
this procedure.

INTRODUCTION

The Extensor Pollicis Longus (EPL) tendon rupture is a
rare injury, although it comprises several etiological
factors [1]. In literature are described for this occurrence
factors like: rheumatoid arthritis [2]; osteoarthritis [3];
corticosteroids usage [3]; repetitive effort tenosynovitis
[4]; crush injuries [5]. Besides, EPL rupture pathogenesis
isn’t entirely known and could be related to mechanical
factors [6].

Patients with EPL tendon rupture states pain and, through
physical examination, demonstrate inability at thumb
interphalangeal joint extension and reduced force at
metacarpophalangeal joint [3,7].Also can be observed
reduced force production capability at wrist extension [4].

The surgical procedure choice is determined by the time
interval between the rupture and the diagnosis. In cases
which this interval leads to loss of tendon length over the
region of the rupture, shortening and atrophic changes in
the muscle, it makes the use of original muscle as the
motor unacceptable, the option is tendon transfer. The
Extensor Indicis Proprius tendon transfer (EIP) in EPL
rupture cases, in addition to being the most popular [1],
furthermore is the most documented in the literature
[2,3,4,5,6,8,9]. Besides, EIP is the most versatile muscle
for hand tendon transfer surgeries [8]. However, the
mechanical consequences related to this procedure, such as
alterations in the force production capability, moment and
moment arm of transferred tendons, have not been well
described yet.

Biomechanical models have often been used to simulate
surgical procedures in order to obtain mechanical and
physiological information about the clinical outcomes
[10]. These simulations have been applied to the study of
muscle reinsertions as well as tendon transfer of the upper

limb [10]. These surgical simulations are important
predictive of surgical procedure success under the
mechanical point of view.

Thus, the objective of this study was to analyze the
biomechanical implications, to thumb and index finger, of
the EIP tendon transfer to EPL’s insertion site, using a
upper limb three-dimensional simulation model.

METHODS

The model used in this study is an open- source three-
dimensional computational model of the upper extremity
with 50 Hill-type muscles compartments that represent
very well the mechanics of these muscles [11]. The
complete EPL rupture was considered for this study. In
this situation the muscle loses all the force production and
moment generation capacity at every joint which it
crosses. In the used model the total moments and muscle
forces are calculated as the sum of each muscle individual
contribution [11]. The EIP muscle path was changed at the
level of carpus, simulating a transfer surgical procedure of
the EIP muscle to the EPL path, in agreement with the
surgical technique suggested by authors [7,8]. The muscle-
tendon paths of the EIP were altered interactively using
OpenSim 2.0 [12]. In order to avoid any inconsistent
outcomes related to these limitations, we were careful to
maintain the specific characteristics of the EIP (such as
fiber length, pennation angle, and force-length curve
shape).

The considered muscles were the following: Extensor
pollicis longus (EPL), Extensor pollicis brevis (EPB),
Abductor pollicis longus (APL), Flexor pollicis longus
(FPL), Extensor digitorum communis (EDC), and
Extensor indicis propius (EIP). The transfer biomechanical
implications for comparison of pre-rupture, post-rupture
and post-transfer were: moment and moment arm for
thumb carpometacarpal (TCM), thumb
metacarpophalangeal  (TMP) and index  finger
metacarpophalangeal (IMP).

RESULTS AND DISCUSSION

The resulting moments and moment arms for each joint
analyzed can be observed in Figure 1. Prior to rupture the
moment peak at TMP joint was 0.47 Nm, and after rupture
it was 0.13 Nm, being reduced by 73%. The post-transfer



moment peak was 0.33 Nm. At TCM joint the moment
peak was 1.30 Nm for the healthy muscle simulation, in
the post-rupture the moment peak was 1.01 Nm, and later
in the post-transfer situation the moment peak reaches 1.18
Nm. At the IMP joint the moment peak decrease from 0.37
N.m pre-surgery to 0.17 N.m at post-surgery a decrease of
54% due to transfer of EIP.

The knowledge of moment and moment arm behavior and
the influence of force and moment arm on the produced
moment can be of great use to the clinic making decision
in the surgical procedure. It is well known that full EPL’s
tear compromises thumb function especially in activities of
dayly living like grasping eating utensils and writing
instruments [1,7,13]. The EPL muscle is essential to
stabilizing the joint of the thumb, especially during in
unstable tasks [14]. Moreover, the EPL participates as an
agonist or synergist for all movements of the thumb [15].
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Figure 1: Thumb carpometacarpal moment (a) and
moment arm (b), thumb metacarpophalangeal moment (c)
and moment arm (d) and index  finger
metacarpophalangeal moment (e) capacities under pre-
rupture (continued lines), post rupture (dotted lines) and
post- tendon transfer surgery (dashed lines) conditions.

Tendon transfer procedures have remained more of an art
compared to other areas of medicine [13]. The knowledge
of moment and moment arm behavior and the influence of
force and moment arm on the produced moment can be of
great use to the clinic decision making at surgical
procedures. It is well known that full EPL’s tear
compromises thumb function especially in activities of
dayly living like grasping eating utensils and writing
instruments [1,7,14]. The EPL muscle is essential to
stabilizing the joint of the thumb, especially during in
unstable tasks [14]. Moreover, the EPL participates as an
agonist or synergist for all movements of the thumb [15].
In this study, both thumb joints decreased in moment-
generating capacity, which shows the multiarticular role of
this muscle. We found that, after tendon transfer, much of
the muscle functions were recovered and the transferred
EIP tendon moment arm were very close the EPL before
the surgery. At TMP joint 70% of the maximal moment
capacity was recovered and at TCM joint 91% of the
maximal moment capacity was recovered after the tendon
transfer compared with the healthy. The cost-benefit ratio
is good in this situation, once the EIP is just an assessor at
the IMP extension. We must point that this is a simulation
study and factors as neural control and muscle activation
were not taken into consideration once after a tendon
transfer the patient need to relearn how to use his or her
joint functions.

CONCLUSIONS

The EIP transfer to restore APL function is a good
decision to surgeons during clinic decision making,
because the loss of function in the Index finger is smaller
the function gains in thumbs joints.
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