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Managing the Injured Tendon: Current Concepts
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The purpose of this article was to review current
concepts that influence clinical decision making for
the management of tendon injury. For additional
detailed reviews, the interested reader is referred to
chapters on flexor' ® and extensor®” tendons, which
define anatomy, considerations for treatment, and
specific protocols for all zones in both systems.

Most functional problems with injured tendon
systems are related to the tendon’s response to injury
and repair,® and despite decades of research on the
subject, the problem of restrictive scar formation re-
mains one of the most unpredictable factors contrib-
uting to postoperative morbidity.” Complications of
gap formation and repair-site elongation or rupture
continue to be an issue especially with intrasynovial
tendon repair.'07*

The goals of tendon management after repair are to
promote intrinsic tendon healing and minimize ex-
trinsic scarring to optimize tendon gliding and func-
tional range of motion (ROM).” Over the past four
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ABSTRACT: Despite advances in understanding of the mechani-
cal aspects of tendon management with improved suture tech-
nique and early stress application with postoperative therapy,
clinical results remain inconsistent after repair, especially within
the synovial regions. Complementary research to enhance the in-
trinsic pathway of healing, suppress the extrinsic pathway of heal-
ing, and manjpulate frictional resistance to tendon gliding is now
the focus of current basic science research on tendons. In the future,
application of these new biologic therapies may increase the
“safety zone” (or tolerance for load and excursion without dys-
functional gapping) as therapists apply stress to healing tendons
and may alter future rehabilitation protocols by allowing greater
angles of motion (and thus tendon excursion), increased external
load, and decreased time in protective orthoses (splints). However,
at this time, the stronger repair techniques and the application of
controlled stress remain the best and most well-supported inter-
vention after tendon injury and repair in the recovery of functional
tendon excursion and joint range of motion. The hand therapist’s
role in this process remains a critical component contributing to
satisfactory outcomes.
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decades, contributions from both clinicians and basic
science researchers have improved our knowledge
of tendon structure, kinesiology, biomechanics, the
biologic response to tendon injury and repair,
mechanical characteristics of the various tendon con-
structs, and the effect of post-repair motion and load
on healing and functional ROM.’*"*® The evolution
of tendon manaﬁement is well reviewed in the
literature.>~71013.19.20

CURRENT REHABILITATION
CONCEPTS

Flexor System

Techniques for the mechanical application of stress in
the flexor system with regard to orthotic (splint)
geometry and patterns of motion have not changed
much in the past decade. However, over the past
20 years, postoperative orthotic geometry has been
gradually altered to relax the wrist and the metacar-
pophalangeal (MCP) joints to a more neutral position
with a decrease in the popularity of dynamic traction
(thought to contribute to proximal interphalangeal
[PIP] joint flexion contracture)®' and a change in trac-
tion vectors (if used) from the forearm to the distal
palmar crease.””** Contemporary clinical practice in-
cludes the following: 1) an increase in the use of early
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active tension, including increased angles of allow-
able flexion'® and active tension applied with the
wrist positioned in mild extension to reduce internal
tendon forces;”* 2) a change in the technique of wrist
tenodesis by positioning the MCP joints in more ex-
tension with this maneuver to effect increased tendon
excursion;” 3) a greater appreciation for the impor-
tance of some isolated motion of the distal interpha-
langeal (DIP) joint;*73° and 4) the timing of the
application of stress within three to five postopera-
tive days when wound inflammation begins to
subside >>3173®

The contribution of postoperative therapy is well
recognized. A recent systematic review of surgical
and adjuvant (biologic) therapies to prevent adhesions
in the flexor system after surgery determined that the
only intervention that demonstrated clinical signifi-
cance in adhesion prevention was early postopera-
tive mobilization, but that to be the best method of
mobilization remains controversial.?

Extensor System

In the extensor system, we have learned that 1)
extensor tendons in all zones (except zone I, isolated
wrist extensor tendons, and the musculotendinous
juncture) tolerate controlled active motion; 2) gapping
and rupture are rarely an issue in carefully applied
postoperative regimens even with repairs of low ten-
sile strength; 3) zones Il and IV do not require contin-
uous immobilization for four to six weeks and will
tolerate short arc motion (SAM) of 30" in the initial
weeks of healing;* 3 4) we probably can allow
more digital joint motion with injury in zones V
through VII than had previously been thought possi-
ble;**% 5y wrist position is critical in decreasing resis-
tive forces from the antagonistic flexor system™ and is
a factor in true tendon excursion gained with digital
motion;*' 6) we have most likely been moving these
tendons actively all along within the confines of their
dynamic orthoses;"* and 7) early referral to therapy
with attention to orthotic geometry and applied stress
is a critical variable to outcomes, especially to prevent
joint contracture and intertendinous adhesion at the
retinacular level.”#344

Only one systematic review was found comparing
the effectiveness of different rehabilitation protocols
for repaired extensor tendons. The results found that
short-term outcomes after immobilization were infe-
rior to early-motion programs, and that there was
some limited support for early passive controlled
mobilization over early active mobilization at four
weeks. No conclusive evidence was found, however,
regarding the long-term (weeks) effectiveness of the
different rehabilitation protocols.*® Therefore, in both
flexor and extensor systems, evidence supports early
motion at a repair site but does not exist for any spe-
cific protocol.
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Early Mobilization

Studies demonstrate a rapid and significant de-
crease in tendon and ligament material proper-
ties following immobilization of these structures.*®
Buckwalter and Grodzinsky®” point out that one of
the most important concepts in orthopedics in the
past century is the understanding that loading acceler-
ates healing of bone, fibrous tissue, and skeletal mus-
cle, and thus, we can surmise that early controlled
motion to the healing tendon, as just noted, remains
our best current treatment after tendon repair.

The postoperative challenge for the therapist remains
unchanged. The application of stress to a tendon repair
site is dependent on the ability to plot the tensile strength
of any given repair against the internal tendon forces deter-
mined by joint position, external load, and estimated resis-
tance to tendon glide.'04®

WHAT IS NEW WITH TENDONS?

Recent advances in tendon management include
surgical technique,'449~56 manipulation of the bio-
logic and biochemical environments to improve in-
trinsic repair response'*'73*%7~¢1 and diminish
extrinsic healing,®*~® and efforts to reduce frictional
resistance to tendon excursion*?*396777% Thege
advances may increase the “safety zone” (or toler-
ance for load and excursion without dysfunctional
gapping) for therapists as they apply stress to the
healing tendon. Rehabilitation protocols in the future
may be altered to allow greater angles of motion (and
thus tendon excursion), increased external load, and
decreased time in protective orthotics, as these new
biologic therapies are applied to clinical situations.
The flexor system is the model for most basic science
research on tendon.

Mechanical Increase of Repair Strength

When initiating an active motion program for
tendon repair, therapists must know the type of
core suture, the addition and technique of an epite-
non suture, and the status of pulleys at the level of
repair. The tensile strength of a freshly sutured
tendon depends on the strength of the suture mate-
rial, the suture method, the balance between the
strands and knot, the number of strands, the size of
the tendon, and the addition of a circumferential
suture to a core suture.'%

The load at which a tendon repair gaps is the
number that we must recognize with controlled
active-motion programs. These numbers (of load to
gap), defined as either newtons (N) or grams (g), can
be found in the numerous studies on repair tech-
nique. These reported numbers are the basis of the param-
eters for motion and load with our early-motion programs.




Gap formation has been associated with increased
adhesion formation, poor gliding function, and poor
clinical results.”7® Although most surgeons believe
that gapping of more than 1-3 mm is incompatible
with a good result, an in vivo study has demonstrated
that gaps of up to 10 mm in repaired flexor digitorum
profundus (FDP) tendons are compatible with the
functional ROM.”” Gelberman et al.”® have demon-
strated that gapping at a repair site of more than
3 mm does not increase the prevalence of adhesions
or impair ROM but does prevent the accrual of
strength and stiffness that normally occurs with
time. Gap resistance of less than 2 mm is the goal
for most tendon repair techniques designed for
early-motion protocols,'#197653567980 and " is sup-
ported by previous studies on the effects of gap
formation.”>7678

Flexor System

Modifications of surgical techniques in the flexor
system have led to increases in strength, stiffness, and
resistance to gap formation at a tendon repair site.
The benefits of multi-strand surgical repairs are
minimization or prevention of gap formation and
increase in the margin of safety with stress applica-
tion in early-motion programs. ' Strickland® has de-
veloped “rough’ estimates and working numbers for
two-, four-, and six-strand repairs plotted against the
forces of passive motion, light active flexion, and
strong composite grip adjusting for the resistance of
friction, edema, and stress. He concluded that “light”
composite digital flexion during the entire healing
period is safe with any four-strand core stitch repair
with a running lock or horizontal mattress circumfer-
ential epitendinous stitch.’%%¢

The literature is replete with studies on flexor
tendon repair technique with no definitive answer
on which technique is best. A recent review of exper-
imental studies on repair technique recommends
these modifications: (1) 8-core suture strands with
a high caliber suture material, (2) a purchase length
of approximately 1.2 cm, (3) a locking loop configura-
tion with (4) the knot placed outside of the repair site,
and (5) a peripheral suture placed deep into the ten-
don and far from the cut tendon end.”** Using the
combination of these five technical modifications,
Kim et al"* compared the results in an experimental
study of 30 canine tendons with those of a previous
canine study from the same institution.”” The modi-
fied repairs greatly outperformed the repairs in the
earlier study”” in terms of tensile strength, gap resis-
tance, and rupture rate.* Conversely, Peltz et al.>®
have recently recommended a four-strand cross-
locked cruciate technique (Adelaide technique) for
repairing tendons in zone 1l as a “favorable method
in terms of strength and simplicity.” In their experi-
mental study, comparing the four-strand cross-lock

with a 2-mm cross-lock and a 4-mm cross-lock, the
4-mm cross-lock demonstrated a higher resistance
to 2-mm gap formation at 55—62.2 N.>* They make
the point that a six- or even an eight-strand repair
has practical limitations dependent on the surgeon’s
technical ability, increase in surgical time, injury to
tendon vascularity, excessive tissue handling, and
bulk of the repair (which would increase the work
of flexion [WOF]).®> The four-stand core suture is
most commonly used by hand surgeons at this
time, with some using a six-stand core suture and
a few using an eight-strand core (J.B. Tang, personal
communication, 10.20.2011).

The use of other newer repair techniques (tendon
splints, grafts, and metallic implants) are not widely
accepted but have the same goals of tolerating active
tension to gain excursion in the first three weeks of
tendon healing.*!44%°052°581 The yse of a recently
developed 4-0 Fiber Wire (Anthrex, Naples, FL) is
gaining popularity.**® McDonald et al.* have found
that, with a secure attachment to the tendon, the mul-
tifilament stainless steel’s lower elongation and bet-
ter knot-holding ability may result in a greater force
to produce a 2-mm gap and a greater ultimate tensile
strength in a tendon repair.

The WOF, or resistance to tendon excursion,
remains an issue with the increased bulk of multi-
strand repairs, especially in the intrasynovial re-
gions,* and presents its own challenges in clinical
practice. Amadio’* makes the point that some of
these repair techniques designed to withstand the
forces of active motion, especially those with “multi-
ple loops or knots on the anterior surface, also gener-
ate high-frictional forces with movement and may
abrade the pulley surface over time.”

Some surgeons still use a two-strand core and
epitenon suture or four-strand modified Kessler su-
ture with epitenon. One survey of practice patterns in
flexor tendon repair found that despite the proposed
advantages of the newer, stronger repair techniques,
the two-strand Kessler core with a simple peripheral
suture remains the most popular flexor tendon repair
technique and that most respondents favored sheathe
closure.®® Although this study was published four years
ago and although many hand surgeons have moved to
multi-strand repairs, it is my experience in a practice
with a general orthopedic referral base that the two-
strand core is still used requiring the hand therapist to ad-
just the rehabilitation program accordingly. With each
case, the therapist will need to know specifics regarding
the type of repair and tensile strength to gapping and sta-
tus of the pulleys that will define the postoperative
protocol.

Extensor System

Extensor tendon repair technique is dependent on
the dimensions and fiber direction of the tendon and
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the status of the peritendinous tissue.® Relatively few
studies have evaluated extensor tendon repair tech-
nique. Clinically, we observe that these repairs
(excluding zoneI repair, isolated wrist extensor tendon
repair, and repairs at the musculotendinous juncture)
tolerate immediate controlled SAM with few compli-
cations as long as the tendon is rested/splinted in its
shortened position between exercise regimens.” 7%

Studies defining the tensile strength of the various
repair techniques”'#*#>8¢ with respect to load to gap-
ping guide the therapist in treatment planning for the
application of postoperative stress. Newport and
Williams® reported the biomechanical characteristics
of extensor tendon suture at 2-mm gapping and at
failure. The mattress suture gapped 2 mm at 488 g
and failed at 840 g; figure-of-eight suture gapped at
587 g and failed at 696 g; Kessler suture gapped at
1,353 g and failed at 1,830 g; and Bunnell suture gap-
ped at 1,425 g and failed at 1,985 g. Woo et al.** com-
pared four extensor tendon repair techniques
specifically designed for zone IV injuries and demon-
strated that the strength for 2-mm gapping of the
modified Becker suture technique (56.0 = 9.2 N) and
the modified Kessler technique (48.6 = 12.6 N) were
significantly higher (p < 0.05) than those of the six-
strand double-loop and figure-of-eight techniques.
More recently, Lee et al.’! compared the augmented
Becker, modified Bunnell, and running-interlocking
horizontal mattress repair methods in 24 extensor
tendons in eight cadaveric hands with regard to ten-
don shortening, stiffness, strength, and time needed
to perform the repair. They found that the running-
interlocking horizontal mattress repair was stiffer,
resulted in significantly less shortening (1.7 mm)
than the augmented Becker (6.2 mm) and modified
Bunnell (6.3 mm) methods, and took significantly
less time to perform without a significant difference
in the ultimate load to failure (running-interlocking
horizontal mattress repair, 51 N; augmented Becker
method, 53 N; modified Bunnell method, 48 N).>!
The decrease in loss of tendon shortening has a positive
clinical significance in the recovery of composite digital
flexion.

Extensor tendons in the finger are flat and intimate
with the periosteum. Mattress sutures and Kessler
repairs without epitendinous stitching are often used
for zones II, III, and IV.>* As noted in the Newport
study, the conventional mattress suture gaps 2 mm
at 488 g and fails at 840 g,% and thus has a very low
tensile strength. Henderson et al.”* have proposed
that the extensor tendons at this level work with a
“tension” band effect and that they are suited for re-
pair by a dorsal-only epitendinous suture technique.
Their study, comparing this technique with the con-
ventional mattress and Kessler techniques, has dem-
onstrated that using the dorsal epitendinous suture
technique is more resistant to gapping, rupture, and
deformation.”
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Any gapping at the repair site can result in elon-
gation of the tendon callous, which is especially
critical in extensor zones I-IV, where the tendon
moment arms and thus excursions are small***
However, research and clinical experience have dem-
onstrated that 4—5 mm of excursion are tolerated at
levels III and IV even with repairs of low tensile
strength.”267%

Evans and Thompson®® have demonstrated, in
a mathematical model (which eliminated drag), that
with controlled active SAM programs, internal ten-
don forces at both the MCP and PIP levels with active
extension from 30" of flexion to 0" of extension (at
either joint) are approximately 300 g if the wrist is po-
sitioned at 20° of flexion. Therefore, any of the earlier
defined suture techniques can withstand the forces of
controlled active SAM if the wrist is positioned in
mild flexion.*® Tensile strengths of extensor repairs are
much less of an issue than those with the antagonistic
flexor system.

Biologic Modifications of Tendon Healing

In addition to advances in the mechanical aspects
of tendon management with improved suture tech-
nique and early stress application, complementary
research to enhance the intrinsic pathway of healing,
suppress the extrinsic pathway of healing, and ma-
nipulate the frictional resistance to tendon gliding
hold great promise for the future.'””” These biologic
advances for tendon healing are being made at the
cellular, molecular, and genetic levels in experimental
models, but do not yet have clinical applica-
tion."*777* Growth factors directly affect cellular
mitogenesis and chemotaxis and are able to influence
the healing cascade in a complex manner.*® Certain
growth factors and their delivery increase fibroblast
proliferation, leading to increased collagen produc-
tion and improved healing response.”> Although
much remains to be discovered, it has become clear
that growth factors play a critical role in the complex
biochemical pathways that take place after a tendon
is injured.®

Growth factors are delivered to the injured tendon
by the direct application of the growth factor itself
or through the use of gene transfer techniques.®®
Direct application uses local injection, suture, or
scaffold for delivery to a specific area. Localized
gene therapy includes direct localized delivery
(in vivo) and transplantation of genetically modified
tendon fibroblasts or mesenchymal stem cells
(MSCs) (ex vivo)."”

“Gene transfer involves delivering the gene that
encodes the growth factor, not the growth factor itself
to the site of tendon injury.”®® The gene facilitates the
cellular production of the growth factor, producing
a more prolonged exposure to the growth factor
than with direct application of the growth factor.




However, excessive healing may produce negative
effects. A recent study of the effect of sustained deliv-
ery of basic fibroblast growth factor in the canine
model found that, despite a substantial biologic
response, application of the growth factor failed to
improve either mechanical or functional properties
of the repair, but instead, the increased cellular
activity resulted in peritendinous scar formation and
decreased ROM.”?

Cell-based strategies utilize mesenchymal (adult
stem) cells (MSCs) and tissue engineering to con-
struct new tendon tissues. MSCs have the ability to
differentiate into tendon fibroblasts and also have the
capacity to produce extracellular matrix and secrete
growth factors that are important for initiating the
cascade of cellular events needed for tendon
healing."”

Tissue engineering refers to the ability to construct
new tissues through the use of a tissue scaffold onto
which cells are placed'” and may, in the future, lead
to functional tissue replacement to repair defec-
ts.”*7®! These scaffolds, typically made of biodegrad-
able polymers, provide a matrix that allows cell
adhesion and growth in a three-dimensional configu-
ration to simulate normal cell architecture.!” These
cell scaffolds may have a significant clinical applica-
tion in the future in the delivery of molecular and
gene therapy products to the zone of injury.!”*°

The biologic control of peritendinous adhesion or
the suppression of the extrinsic pathway of healing
is also the focus of many studies.®® Molecular ap-
proaches target the modulation of cytokine expres-
sion to reduce adhesion formation. Cytokines are
proteins that function to mediate interactions among
cells directly and regulate processes in the extracellu-
lar environment, and modulate functional activities of
the individual cells and tissues."” Growth factors also
have a role in controlling the peritendinous inflam-
matory response and its accompanying adhesions. It
has been demonstrated that the transforming growth
factor beta-1 (TGF£-1) is upregulated in healing flexor
tendons®? and, thus, contributes to the formation of
adhesion around healing flexor tendons. Chang
et al.*” demonstrated, in an experimental in vivo study
of rabbit tendon laceration and repair, that the ten-
dons which received a neutralizing antibody to
TGFf-1 had a significant increase in digital ROM
when compared with the control group. The cellular
chemistry is complex but is important to clinicians
as there is evidence that peritendinous tendon adhe-
sion formation can be reduced by the perioperative
modulation of cytokines such as TGF#-1.%

Manipulation of Frictional Resistance to
Tendon Glide

The friction between tendon and sheathe is an
important factor causing the risk of tendon rupture.”

Amadio® cautions that “an increase in surface friction
will increase the load placed on the repair site during
tendon motion, and may also increase adhesion
formation.” Current efforts to reduce the effects of
friction on tendon repair are focused on ventin
the A2 pulley for the zone II flexor repair;**®
using low-friction repair construct and low-friction
suture material; and modifying the tendon surface
with exogenous application of surface lubricants,
such as hyaluronic acid, lubricin, and phospho-
lipids.!**¢769737%  Amadio”™ and colleagues at
Mayo Clinic are advancing our knowledge and clini-
cal application of these surface lubricants for both re-
storing tendon surface and reducing the development
of adhesion to minimize force requirements.

In the flexor system, it has been demonstrated that
the WOF is increased when the repair site has to glide
through the A2 pulley in the early wound-healing
stages. In an experimental study comparing the
rupture rate and resistance to tendon gliding in the
chicken model, Tang et al.® demonstrated that ten-
don gliding resistance was significantly increased
with preservation of the A2 pulley on postsurgical
days 3, 5, 7, and 14, when compared with pulley re-
lease. They advocate partial release of the A2 pulley
to reduce the WOF and to increase the chances of im-
proved functional excursion.®® Decreasing frictional
resistance at this level with pulley plasty and resec-
tion of one slip of the flexor digitorum superficialis
(FDS)®**Y have also been recommended. The biome-
chanical function of the A2 pulley is well recognized
both in the normal and the injured digits. Walbeehm
and McGrouther®! have described the compressional
mechanism of the FDS on the FDP at Camper’s chi-
asm with tendon load and motion at the distal edge
of the A2 pulley. This mechanism may be important
for tendon nutrition and synovial fluid circulation
in the uninjured tendon but presents increased fric-
tional resistance with an increase of volume from su-
ture material and edema. The “gripping mechanism"’
of the FDP by the FDS may be a factor causing tendon
rupture at this level.”’

PRINCIPLES OF APPLYING STRESS TO
A FLEXOR TENDON REPAIR SITE

The goals of tendon rehabilitation in any zone are
to optimize functional outcomes by providing precise
increments of controlled stress to promote enough
differential tendon glide to control early collagen
deposition; to facilitate the biochemical events that
strengthen the repair site; and to avoid the compli-
cations associated with adhesion formation, gapping,
or rupture at the repair site.

These goals are best met with early referral to
therapy and the application of controlled stress
through orthotic geometry and precise patterns of
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motion. Therapists need a working knowledge of
anatomy, biomechanics, and physiology of flexor or
extensor tendon gliding. Therapists must also under-
stand the tensile strengths of various repairs, forces
imposed on these repairs with active and passive
motion, and variables that determine how much
internal force the tendon(s) can tolerate before gap-
ping to 2—3 mm. Communication with the surgeon
should include specific information regarding the
type of core suture and epitendinous repair; the sta-
tus of the pulleys; and associated injury to vessel,
nerve, ligament, or bone. Other variables include
health status, patient personality, and level of patient
intelligence. The experienced therapist will also ad-
just the program based on postoperative tissue reac-
tion and his or her past experience regarding the
skill of the surgeon. Clinical problems for the thera-
pist include late referral, noncompliance,”* or “stu-
pidity”®® of the patient; limitations imposed by
managed care and insurance; suboptimal repair by
the physician; incomplete or inaccurate information
regarding the strength of repair; and the therapist’s
ability to calculate subphysiologic versus excessive stress
when applying active tension. It has been demonstrated
that the outcomes are improved by experienced hand
therapists.”

Variations in clinical protocols from zone to zone
should be altered based on changes in torque and
excursion at each joint. Although tension remains
constant throughout the length of a tendon in relation
to external force, torque and excursion are altered in
relation to variations of tendon moment arms at each
joint,*8%°

The Effect of Active Tension

The effects of immobilization and controlled stress
have been studied primarily in the animal model in
both synovial and extrasynovial tendons. The bio-
chemical effects of immobilization during the inflam-
matory and fibroblastic stages on tendon healing are
loss of glycosaminoglycan concentration, loss of
water, decreased fibronectin (FN) concentration,
and decreased endotenon healing.”*"'% Many ele-
gant studies have demonstrated the positive influ-
ence of stress on healing tendon, with documented
improvement of tensile strength, improved gliding
properties, increased repair-site DNA, and acceler-
ated changes in peritendinous vessel density and
configuration.’®*'”* Motion may enhance the diffu-
sion of synovial fluid, increase FN concentration,!®!
and facilitate fibroblast chemotaxis'® at a tendon re-
pair site. Stress-induced electrical potentials
may increase tendon tissue healing potential.’®
Peritendinous adhesion is modulated by stress.
Mechanical shear stress produces an overall antifi-
brotic expression pattern and downregulation of
TGF and other growth factors.'®1% The positive
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biomechanical effects of mechanical stimulation on a repair
site continue to be supported by basic science
research.'®~112

It has been demonstrated that motion and tension
improve healing better than no motion, no tension, or
combination of both.'® The applied internal tendon
tension or load must be sufficient to overcome the
forces of friction to create controlled tendon
excursion. The actual tendon excursion will be
equal to the predicted excursion of earlier studies
(3—5 mm)''"* only when more than 300 g of tension
is applied to the repair site."'"> A component of active
motion may be necessary to create true proximal mi-
gration of a flexor tendon repair site, especially at the
A3 and A4 pulleys.'® Significant improvements have
been demonstrated with regard to tendon excursion
at both the middle (P') and proximal ghalanx (P?)
levels with active than passive regimens.” Recent ex-
perimental studies indicate that the addition of load
to motion may have little effect on the final result in
terms of strength and motion; thus, it is motion and
not load that may be the critical factor.”*”*117

The Effect of Timing

Early experimental studies indicated that timing in
relation to stress during the early inflammatory stage
of wound healing is critical. Biomechanically, the
immobilized tendon loses tensile strength in the first
two weeks after repair and loses %lidin function by
the first 10 days after repair.””1001021187120 Apy exper-
imental study on chicken flexor tendons has demon-
strated that tendons treated with controlled passive
motion had significantly improved tensile strength
by five days after repair compared with digits treated
with immobilization.”® The magnitude of difference
in strengths between the two groups increased with
time. The authors of that study concluded that imme-
diate constrained digital motion after repair allows
progressive tendon healing without the intervening
phase of tendon softening or weakening described
in the classic study by Mason and Allen in 1941.'*'

In another study of early tensile properties of healing
chicken flexor tendons, early controlled passive motion
was found to improve healing efficiency.”” The results
of this study indicated that tendons exposed to con-
trolled passive motion had significantly greater values
for rupture load, stress, and energy absorbed when
compared with immobilized tendons.”

FN, which appears to be an important component
of the early tendon repair process, has been localized
in a clinically relevant tendon repair model.
Fibroblast chemotaxis and adherence to the substrate
in the days after injury and repair appear to be
directly related to FN concentration.'” Early passive
motion has been correlated with an increased FN
concentration in the tendon repair model of a previ-
ous study.'®!




The importance of timing is supported in another
study by Iwuagwu and McGrouther,'”® who deter-
mined that load in the first five postoperative days
results in better orientation and fewer fibroblasts
in repaired tendons. However, Silva et al.,'** in
an experimental study of the effects of increased
in vivo excursion on digital ROM and strength,
found that the repair-site strength changes only
slightly during the first 21 days and that substantial
improvements in strength are not noted until 42
postoperative days.

There is a risk in applying controlled load to a
tendon in an edematous or stiff digit immediately
postoperation. Halikis et al.*! in an experimental
study comparing the effects of immobilization, imme-
diate mobilization, and delayed mobilization on the
energy required to fully flex the digit after surgical
trauma, concluded that the viscoelastic forces of
edema during the initial postoperative days increase
the WOF. Delayed mobilization (of at least three to
five days) was recommended to allow a decrease in
edema and thus the WOF on internal tendon tension
with controlled motion programs. Using a canine
model, Zhao et al. 3% demonstrated that starting con-
trolled motion at day 5 after tendon repair is advanta-
geous over day 1, as gliding resistance associated with
postoperative surgical edema and other factors is
diminished.

Current research continues to support this concept
of delayed mobilization (three to five days) as in-
flammation and WOF are diminished.’’**** This
time frame provides the best combination for tendon
stretch and low peak force.** Beginning mobilization
at day 7 or beyond is the least favorable; this work is
supported by the classic experimental studies by
Gelberman et al.''® and others,?? and in the clinical
work of Tottenham et al.'®® and Evans.’

I prefer to see patients by 24 hours postoperation to
apply the proper orthotic geometry, to prevent PIP
flexion contracture with flexor repair and joint prob-
lems at all levels with extensor repair, for edema
control and for patient education. Motion is delayed
by at least three days depending on the degree of
edema and inflammation. Passive SAM is applied to
reduce the drag and minimize internal tendon forces
before the application of active tension, which is
initiated somewhere between day 3 and 5 postopera-
tion for both flexor and extensor systems.

The Effect of Duration of Exercise

There is modest support that increased frequency
improves interphalanﬁeal (IP) joint motion in the
zone 1I flexor system,'?*!% and none was found to
delineate the effect of duration of exercise in other
flexor or extensor zones. In general, patients are non-
compliant® with details regarding orthotic protection and
home exercise programs, and clinical experience teaches

us that each therapy visit should include a review and
questioning regarding the same.

The Effect of Tendon Excursion

Flexor System

Physiologic excursion after repair is undeter-
mined. Some researchers believe that increased ten-
don excursion will correlate with improved
functional outcomes.'””” In the flexor system,
3 mm'*!% to 10 mm’” has been found to be consis-
tent with good functional results. Based on experi-
mental studies, Gelberman et al.'?® found that
3—4 mm of excursion at a flexor tendon repair site
was necessary to stimulate the intrinsic repair site
without creating significant repair-site deformation.
More recently, it has been demonstrated in the ca-
nine model that 1.7—2 mm excursion at the repair
site is sufficient to prevent adhesion formation
and that additional excursion provides little added
benefit,'?* but most early-motion programs are designed
to produce more.

Excursion is increased by the addition of wrist
tenodesis. Synergistic wrist and MCP motion pro-
vide more effective excursion than wrist fixation.'”’
New research supports a tenodesis pattern of com-
bined MCP extension and wrist extension with the
IP joints in full flexion to provide effective excur-
sion to the FDP.>> MCP joint motion alone promotes
minimal differential excursion to a flexor tendon re-
pair, and motion at this level does not offer much
benefit in postoperative early-motion protocols.™
Isolated DIP motion of at least 35 may be necessary
to effect 3—4 mm of differential glide of the FDP on
the FDS,'* and hook fist position also is critical in
promoting differential glide within the digital
sheathe.'” Active tension of at least 300 g may
be necessary to effect 3 mm of true excursion in
zone I1."¢ A component of active motion has been
recommended for true tendon excursion at the
A3 and A4 pulley levels because of poor excursions
in these regions with passive motion.'”” Excursion
of the FDP in zone I has been calculated mathemat-
ically in radians to be approximately 5mm if the
distal joint is moved 57.29° (1 radian) based on
a tendon moment arm at this level of 5mm.*®
Passive motion to obtain physiologic excursion for
the repaired flexor pollicis longus (FPL) is improved
by 70% with the MCP splinted at 0" for IP passive
flexion.'® Orthotic geometry and patterns of motion
in the various zones are predicated in part on these stud-
ies of physiologic excursion.

Extensor System

Early active and passive motion allowing an esti-
mated 5 mm of excursion has proven to be successful
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with extensor tendon repairs in zones V, VI, VII, T-1V,
and T-V,** and approximately 4 mm of active excur-
sion with extensor repair in the digital zones III
and 1V.** The reported extensor tendon excursions
are variable but within a consistent range, and
a number of anatomical studies are reviewed in de-
tail elsewhere.”%*

Extensor tendon excursion can be calculated geo-
metrically in radians."®® Based on a mathematical
equation (with radians), it was determined that
MCP joint motion of approximately 30" for the index
and long fingers and 40’ for the ring and small fingers
(or 0.5 radian) would effect 5 mm of extensor digito-
rum communis (EDC) glide at an extensor tendon re-
pair site in zones V, VI, and VII,** and that PIP motion
of 28.64" would effect 3.75 mm of excursion in zones
11 and IV.>® Evans and Burkhalter® measured exten-
sor tendon excursion intraoperatively and found by
gross measurement that 30" of MCP motion effected
5 mm of extensor glide in zones V, VI, and VII, sup-
porting the mathematical calculations for these zones.
This limited excursion has worked well inmy 35 years
of clinical experience with early motion of extensor
tendons, but others'" believe that full digital flexion
should be considered safe within the confines of the
orthoses that hold the wrist in extension and fingers
controlled in dynamic extension traction.

Wrist position influences EDC excursion. Extensor
tendon excursions were investigated in eight fresh
cadaveric limbs. The authors found that if the wrist is
extended more than 21°, the extensor tendon glides
with little or no tension in zones V and VI throughout
a full simulated grip to full passive extension. On the
basis of this cadaveric study, the authors recommend
that up to 6.4 mm of tendon can be safely debrided in
these zones and that full grip can be permitted post-
operatively if the wrist is splinted in more than 45" of
extension.*’ Their study emphasizes the importance
of wrist position in tendon excursion, but their con-
clusions based on cadaveric study should be applied
to the clinical situation with caution.

Excursions for the extensor pollicis longus (EPL)
tendon vary in the literature from 25 to 60 mm and are
reviewed elsewhere.”** The simple angular arrange-
ment of the flexion/extension axis at the MCP level
of the fingers does not exist for the EPL in zones T-IV
and T-V. Calculating excursion mathematically is com-
plicated by the oblique course that the tendon takes at
Lister’s tubercle, by the moments of adduction and ex-
ternal rotation at the carpometacarpal (CMC) level and
by the fact that alterations in thumb position alter the
moment arms at each joint. Evans and Burkhalter®*
measured EPL excursion intraoperatively to determine
the amount of joint motion necessary to create 5 mm of
glide for the early-motion pilot study and found that,
with the wrist neutral and the thumb MCP joint ex-
tended, 60 of IP joint motion effected 5 mm of tendon
excursion at Lister’s tubercle.
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The Effect of Applied Load

When applying force to a tendon repair site, the
tensile strength of the repair must be plotted against
the internal tendon force. The therapist should con-
sider the published values of load to gapping of the
different combined core and peripheral sutures and
then adjust the applied load with early-motion proto-
cols in accordance with the specific repair (as reported
by the surgeon) on which they are working. Internal
tendon forces are increased by the resistance of the
suture material,®2 pulleys,132 periarticular soft tissues,
edema and inflammation associated with wound
healing,®""*? the antagonistic muscle—tendon system,
joint angle,****!¢ external load,* and the speed of
exercise.””"'*!133 These elements define the WOF.

The tensile strength of each tendon must be consid-
ered. In the flexor system, these numbers must be
considered for both the FDP and FDS (as the tendons
do not load share)*® as well as for the FPL. These num-
bers are then adjusted to account for the possible de-
crease in strength associated with early tendon
healing (decreasing 50% at the end of first week and
33% at the end of second week and increasing by the
third to fourth week).!%1612113% gy example, a two-
strand core with epitendinous suture can be estimated
to have 20—30 N (2,500 g) of tensile strength load at the
time of repair, which would decrease to 1,200 g by
week 1. A four-strand core with epitendinous suture
can be estimated to have 43 N (4,300 g) at repair; cruci-
ate with epitendinous, 35—46 N; Tenofix, 54 N; alloy
suture, 51N; Massachusetts General Hospital
(MGH), less than 75 N, and all of them were considered
to be about 50% weaker by the end of weeks 1 and 2.

Internal tendon forces, as they relate to various
joint angles and applied external loads, are defined
for the flexor and extensor tendons in two studies on
early active motion for both tendon systems.?**® The
results of these biomechanical analyses are presented
in a series of mathematical models that negate resis-
tance from the antagonistic muscle—tendon group
and any other drag and apply a known external force.
These models provide estimates of internal tendon
forces imposed during controlled early-motion pro-
grams for both systems and are the basis of clinical
protocols proposed by this author.'”?%% As the
WOF is factored into the equation, these numbers are, at
the very least, doubled.

Flexor System

Internal tendon forces with active and passive mo-
tion have been measured in two in vivo studies.!**13
Both studies measured tendon forces on intact tendon
at the level of the carpal tunnel while the patients were
under local anesthesia, and although the information
that they provide is of value, it is important to note
that the numbers of internal force provide us with
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limited information because, in both studies, external
forces were undefined (the end arc of flexion and ap-
plied external load) and because the intact tendons
were not subject to the increase in forces from suture
and wound reaction. The work of Urbaniak et al.’**
showed that passive digital flexion—extension pro-
duces a range of 200—300g; that flexion against
“mild resistance” did notimpose more than 900 g of in-
ternal tension; and that flexion against moderate resis-
tance imposed approximately 1,500 g of internal
tension. Schuind et al.’* measured flexor tendon forces
up to 900 g with passive motion and 3,500 g with
“active unrestricted motion.” Their measurements of
“active unrestricted flexion” (otherwise undefined)
ranged from 400 to 3,500 g for the FPL, 100—-2,900 g
for the FDP, and 300—1,300 g for the FDS, even under
testing conditions.'® The wide variation in these num-
bers, in a group of patients who were given the samein-
struction for motion, probably is representative of what
happens in the clinical situation when patients are asked to
“gently move” a joint.

Internal tendon forces have also been calculated
mathematically as they relate to joint position and
external load with drag eliminated.”® Modified composite
flexion (wrist, 45", MCP joint, 80"; PIP joint, 70"; and
DIP joint, 40" extension) with 50 g of external pressure
has been measured at 605 g for the FDS and 41 g for
the FDP. However, forces rise dramatically with full
composite flexion (MCP joint, 85; PIP joint, 95": and
DIP joint, 75") to 1,650 g for the FDS and 2,050 g for
the FDP. Therefore, a four-strand repair with 4,300 g
at time of repair (2,150 g by days 5—7) is at risk of rup-
ture with acute flexion but would have a greater mar-
gin of safety with less acute angles of digital flexion.
Based on these mathematical calculations® and clini-
cal experience,*%*® it is possible to apply active ten-
sion to a two-strand core with epitendinous suture if
a place-and-hold technique is used with the modified to
relaxed position of flexion. In general, internal forces
will be the least in the midranges of wrist and MCP
flexion 4895119133136.137 Eyy]] flexion at the MCP joint
for these active and passive programs yields little to
no excursion for the FDP and increases internal ten-
don tension with the added resistance from MCP per-
iarticular stiffness in this position. Tendon forces for
the FDS are decreased with the wrist at 0" as compared
with those with wrist flexion.'*® Even with attention
to joint angle and speed of exercise, 219133136 ag
noted previously, the estimated numbers of internal
forces must be at the very least doubled to account
for increased resistance of postoperative edema, tight
joint, pulley systems, and suture.*®

Recent experimental research indicates that high-
force rehabilitation does not stimulate accelerated
healing after intrasynovial tendon repair, and that
less than 5 N (or 510 g) of internal tendon force may
be sufficient.”” We have no studies of extrasynovial
tendon, but as tendon tension remains the same along

its length, this information provides us useful guide-
lines for the other zones.

At this time, we have no reliable and valid in vivo
measurements for true tensile strength and internal
tendon forces altered by the variables of suture mate-
rial, wound healing, and pulley in the human hand.
However, in review, we can surmise from the afore-
mentioned studies that repaired tendons are best
moved by postoperative days 3—5 with a load of less
than 5 N”° and excursion of at least 2 mm."* Internal
tendon forces are increased with more acute angles of
flexion and should be reserved for stronger suture tech-
nique. Clinical experience teaches that active hold is
safer with the wrist in neutral to slight extension, finger
flexion is safer with a modified rather than full fist, PIP
flexion at 75’ is sufficient, and PIP extension to 0" is crit-
ical for differential glide. Wrist tenodesis with the MCP
joints in extension and some isolated DIP motion will
insure improved FDP excursion as will some active
tension. A slow rate of exercise will decrease internal
tendon tension,”>!1?13%1% and lateral joint support
for isolated DIP flexion will prevent resistance to ten-
don glide that volar joint blocking would impose.
Freely gliding tendons are an indication of minimal
peritendinous healing and need to be protected longer
than those with restricting adhesion.

Extensor System

A force analysis of the EDC with the wrist in an
extended position and no external load has been
calculated mathematically so that conservative esti-
mates of tendon forces can be made.*® With the digi-
tal joints in a neutral position, tension on the EDC is 0,
but as the wrist and digits are extended, the forces
rise to 1,200 g. These forces drop dramatically if the
wrist is placed in 20" of flexion (the position recom-
mended for early active controlled motion) because
resistance from the flexor tendons is reduced by the
wrist position.?**® The force applied to the extensor
tendon at both MCP and PIP joint levels with active
extension from 30° of flexion to 0" of extension (at ei-
ther joint) when calculated mathematically is approx-
imately 300 g if the wrist is positioned at 20" of
flexion.***® These internal tendon forces are compat-
ible with extensor tendon repair techniques, even
those with low tensile strength.

CLINICAL TIPS BY ZONE

As noted in the previous section, rehabilitation
protocols, although applying in general the same
principles, continue to be a practice of individual
preference by surgeons and therapists with no proof
of “which technique is best” for either flexor'? or ex-
tensor tendons.*> The following abbreviated guide-
lines are my preference and are based on published
clinical experience and current understanding of

April—June 2012 18I




tendon forces and repair strengths. These yrotocols
are defined in detail elsewhere,'”-30363748,8

Flexor System

Zone 1

The zone I tendon is a one-tendon system with
a small moment arm and limited excursion. The
traditional traction technique may allow too much
excursion at the repair site, contributing to gap
formation. I prefer a technique for limited distal joint
extension and active flexion (LEAF), which addresses
problems associated with the zone I repair: repair-site
gapping, unsatisfactory distal joint flexion, PIP joint
contracture, and incomplete FDS glide.*** Gap for-
mation at this level may be especially significant be-
cause the zone I tendon has limited excursion and
less tensile strength due to smaller diameter of the re-
paired tendon and the “linked extension” that occurs
with simultaneous PIP and DIP extension.?”*** The
LEAF technique prevents the extension of the distal
jointbeyond 35—45’ the first four weeks postoperation
and imposes patterns of motion that promote com-
plete isolated FDS glide, passive flexion of the distal
joint between 35" and 75, wrist tenodesis (including
MCP extension simultaneous with wrist extension),
and active hold of the repaired FDP in the previously
described modified composite fist position.*®

Orthotic Geometry

The dorsal hood orthosis is positioned with
a relaxed wrist position of 20—30" of flexion to reduce
the viscoelastic resistance of the antagonistic exten-
sors. The MCP joints are positioned in 30’ of flexion to
relax the force of the lumbrical muscle on the pro-
fundus tendon; to allow the digits to be placed
passively into a modified hook fist position, which
increases differential excursion of the FDP and FDS
tendons;'?® and to allow safe positioning for the active
hold component. A digital dorsal P! and P? orthosis
that holds the DIP joint flexed at 45 the first 28
days is applied to prevent gap formation and to pro-
vide the controlled range for passive flexion from 45’
to 75". This rests the repair site proximal to normal
position and prevents gapping. The distal joint exten-
sion block also neutralizes the action of the oblique
retinacular ligaments, which act to extend the DIP
joint with a dynamic tenodesis action when the PIP
joint is extended by virtue of their attachment to the
terminal extensor tendon. Flexion contracture at the
DIP joint will not be a problem unless the A4 pulley
was resected.

Patterns of Motion

The exercise regimen includes passive digital flex-
ion; PIP extension to 0° with the MCP joint in full
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flexion (with the dorsal P', P orthosis in place to pre-
vent DIP extension); active hold for the FDS with the
wrist in flexion; and wrist tenodesis. The FDS is ex-
posed to increased tension when the wrist is posi-
tioned in flexion."®” Composite active hold in the
modified position applies some isolated tension to the
repair site. This technique applies an excursion of ap-
proximately 3 mm to the zone I tendon in a limited
arc (45—75).%2 The modified position of the active
flexion applies low loads of force (<500 g), even
with the drag considered.*® This technique is sup-
ported by previous mathematical studies of excur-
sion and internal tendon forces, and clinical
experience. The average distal joint flexion in my se-
ries with a general orthopedic referral base of more
tha1;1050 cases is as follows: PIP joint, 95" and DIP joint,
49",

Zone 11

Rehabilitation of the repaired zone II flexor ten-
don is initiated within 24—48 hours postoperatively
with wound care, edema management with Coban
(3M Health Care, St. Paul, MN, USA) wraps and
elevation techniques, the application of the postop-
erative orthosis, and patient education. Active ten-
sion is not applied until inflammation is decreased
somewhere between the third and fifth postopera-
tive days.

Orthotic Geometry

The dorsal protective orthosis is positioned with
the wrist in 25-30" of flexion, the MCP joints in
30—40" of flexion, and the dorsal hood extending to
the level of the finger tips to allow complete PIP and
DIP extension. Four-finger traction is used only in
selected cases where there is minimal edema or
inflammation around the PIP joint to avoid PIP
flexion contracture. If used, the traction is set up
with a palmar pulley to rest both PIP and DIP joints
in composite flexion.

Patterns of Motion

Under therapist supervision, the orthosis is re-
moved for wound care and light dressing applica-
tion, followed by passive composite flexion exercise
to the digits with the wrist in neutral position. The
passive forces should be applied with a gentle tech-
nique, slow repetition, and until the cutaneous
wound has gained some tensile strength, with less
than full flexion to avoid wound site tension on the
corner flaps. With the MCP joints held in maximum
flexion and the wrist in moderate flexion, the PIP
joints are passively extended to 0°, followed by active
extension in this same position by the patient. By
days 3—5, as edema and inflammation are reduced,
active tension is initiated at 50—70% composite flex-
ion dependent on the drag of tight joint and edema.




Internal tendon forces for the active hold component
(MCP joint, 75’; PIP joint, 70°; DIP joint, 40°) with
finger tip forces less than 50 g and with drag elimi-
nated are calculated to be 41g for the FDP (82 g
with drag considered) and 605g for the FDS
(1,210 g with drag considered).*® External force can
be measured with the Haldex™ pinch meter (JIL
Tools; J.D. Mard Industries, Tuckahoe, NY) for the
purpose of patient instruction.*® These light active
hold positions have been demonstrated to be compat-
ible with a standard modified Kessler with an epiten-
dinal repair.*® The newer multi-strand repairs will
tolerate increased angles of flexion for the active com-
ponent. It is important to ensure that some active ten-
sion is transmitted to the profundus tendon. The DIP
joint is not blocked but is rather positioned in a man-
ner so that it holds a position of flexion of at least
30—35" (with lateral support). Wrist tenodesis is per-
formed with the MCP joints in extension as described
by Amadio™ or built mto the orthotic design as de-
scribed by Strickland.'” Therapy proceeds with ten-
don gliding exercises'* and protocols that are well
defined elsewhere.' 4%

Zones I[I-V

Injuries in zones III-V are commonly caused by
lacerations and are less commonly associated with
crush. Injuries at these levels are rarely isolated, often
involving nerve and vessel. Orthotic geometry and pat-
terns of motion will be similar to those of zone II with
small variations that address tendon anatomy, tor-
que, and excursions at the different levels. As noted
before, tension will be the same throughout the
length of the tendon.*

Zone II1

The WOF, or resistance to tendon glide, will be less
a factor at this level because the tendons are extra-
synovial and subjected only to linear tension reduc-
ing the risk for rupture;'*’ therefore, active tension
can be applied in a modified composite fist position
(MCP joint, 40-50"; PIP joint, 60"; DIP joint, 35°) by
24—48 hours postoperation with repair strength at
least equal to that of a four-strand core and epitendi-
nal suture.

Orthotic Geometry

The dorsal hood should position the wrist at
20—30 flexion, MCP joints at 30—40° flexion, IP joints
in neutral position, with or without traction.

Patterns of Motion

Active tension is applied as with zone II with
respect to nerve or vessel repairs with “place-and-
hold” active tension in the modified position noted

earlier; tenodesis (if allowed by status of nerve and
vessel), and some active hold for the FDP at DIP level.

Zone IV

The zone IV tendons pass through the carpal tunnel
and are surrounded by synovial sheathes that provide
lubrication and nutrition. At this level, the tendons
are at risk of developing intertendinous adhesion,
adhesion to the synovial sheathes, and adhesion to
other structures within the carpal tunnel. Orthotic ge-
ometry is the same as for zones II and III. Wrist posi-
tion, which should be as neutral as possible to keep
pressure off median nerve and to decrease drag for ac-
tive tension, can be adjusted to address tension on the
median or ulnar nerve, vessel, or wrist flexor tendons
as needed. Patterns of motion are similar as for zone III
with special attention to isolated FDS glide, especially
for the long and ring digits; “place-and-hold” active
flexion in the modified fist position and tenodesis
with MCP extension will promote differential excur-
sion for the long tendons and intrinsics.

Zone V

The zone V level includes the area proximal to the
carpal tunnel to the musculotendinous junction in the
distal third of the forearm. This level is susceptible to
combined injuries and is often termed “spaghetti
wrist or full house”” and may involve as many as nine
digital flexors, three wrist flexors, two major nerves,
and two major arteries. Clinical problems at this level
include reestablishing differential tendon glide, par-
ticularly of the FDS, and problems related to injury
and repair of nerve and vessel, which would alter
exercise patterns in the early stages. Orthotic geometry
and patterns of motion are altered depending on nerve
and wrist flexor tendon repair but should emphasize
independent digital passive extension to minimize
intertendinous adhesion. Although repairs at this
level can be expected to recover much of the compos-
ite grip, independent glide, especially with the FDS,
may not be reestablished; ulnar intrinsic function
and ulnar nerve sensibility will produce the most dis-
appointing results,'*!14?

N —

C___E{Micis Long;\}
Rehabilitation of the FPL in zones T1 and T2 is
more difficult than that at the same level in the digits.
This repair is often under more tension because
proximal retraction is greater for FPL than for digital
tendons, making apposition of the tendon ends dif-
ficult with primary repair and causing a high risk of
rupture. Results will be poorer with retraction or
injury to the neurovascular bundles. Rupture rates in
zone TI have been found to be similar to those in the
digits, whereas in zone TII, rupture rates have been

I
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reported at 3%, 5%, and 8% with techniques of early
passive motion and at 17%, 15%, and 8% with early
active mobilization.!*3

Orthotic Geometry

Improved results have been reported with a
decrease in rupture by including all digits in the
dorsal hood orthosis to prevent inadvertent oppo-
sition and by positioning the wrist in 10" of flexion
and 10’ of ulnar deviation.'** I prefer to position the
wrist at 10—20° of flexion, the CMC and MCP joints
in neutral position, and the IP joint dorsally blocked
at 20—25" with dynamic traction from the base of
the small finger. I include only index finger with
dorsal orthotic protection to prevent inadvertent
pinch and to protect FPL from forces associated
with an anomalous tendon slip to the index
FDP.' It has been demonstrated that the FPL ex-
cursion is increased by 70% if the MCP is neutral
with IP flexion.'*

Patterns of Motion

I prefer to use wrist tenodesis only under ther-
apist supervision; gentle active tendon gliding
most specifically for the index FDP and FDS; and
after passive exercise, a place-and-hold active ten-
sion with the wrist extended to 10" only if the re-
pair has the strength of at least a four-strand core
and epitendinal suture. The more proximal zones
would be treated in the same manner, with active
tension.

In general, splinting can be altered for all zones at
four weeks postoperatively to place the wrist at
0—20" extension except with associated injury to
nerve or wrist flexor tendons; dynamic extension
can be added by weeks 5—6 with the wrist in neu-
tral position for cases with dense adhesion.
Increased resistance can be applied as described
in a recent study that defines a pyramid of eight
levels of exercise that can be applied based on cal-
culations of tendon healing and tensile strength.'*
Freely gliding tendons should be protected two to
three weeks longer than the norm, and adherent
tendons can be subjected to increased external
forces. Internal forces can be reduced by preceding
active tension with passive motion, positioning the
wrist in neutral position for active hold, especially
if the FDS is repaired, and with a slow rate of flexion.
Joint blocking in the more distal zones should be
done with lateral support for P! and P* as volar
support increases resistance to tendon glide. Strict
attention to complete PIP joint extension is a critical
rehabilitation component from the first postopera-
tive week. Patients should not return to normal ac-
tivity until 12 weeks, and I would not test grip
strength on any tendon until after that time frame
for fear of rupture.
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Extensor System

Zones I and 11

In general, the zone I and II injury or mallet finger
requires at least six weeks of continuous immobili-
zation with the DIP joint splinted at absolute 0" of
extension or slight hyperextension of no more than
15", I often immobilize these injuries up to 10 weeks if
the terminal tendon is weak or if any lag exists. The
volar P?, P? orthosis can be interlocked with a dorsal
P!, P2, P? orthosis that holds the PIP in about 40" of
flexion to relax the lateral bands during the first
four to six weeks to prevent a swan posture and to re-
duce tension on the terminal tendon. PIP joint flexion
exercises are unrestrained. The key components of
treating this injury include precision splinting, man-
agement of skin integrity and hypersensitivity, and
carefully controlled progressive SAM for distal joint
flexion when healing occurs. Insufficient evidence ex-
ists to support customized or “off the shelf” s;;linting
or to determine when surgery is indicated.'*

Zones Il and 1V

Immediate active SAM for the repaired central slip
or zone III or IV extensor injury is defined in a study
of excursion, internal tendon forces, and anatomical
considerations,® and is supported by clinical re-
sults.’” Untreated, the injured central slip will pro-
gress to a fixed boutonniere deformity with palmar
migration of the lateral bands, hyperextension of
the DIP joint, and flexion deformity of the PIP joint.
Complications of traditional treatment of these in-
juries, which typically have been treated with unin-
terrupted immobilization for four to six weeks
before motion was initiated, include extensor lag, in-
sufficient extensor tendon excursion with loss of flex-
ion, and joint stiffness. These factors negatively
influence the final outcome of the acutely repaired
and immobilized central slip injury: 1) the broad ten-
don—bone interface in zone IV; 2) resting the tendon
at less than absolute 0 of extension during immobili-
zation; and 3) the effects of stress deprivation on the
connective tissues (tendon, ligament, and cartilage)
of the PIP joint. With late mobilization schedules,
the zone IV tendon, devoid of the benefits of early
motion, is often adherent to the proximal phalanx.
As PIP flexion is initiated, the more proximal portion
of the tendon is nongliding, elevating tension at the
repair site. The repaired zone III portion of the tendon
is exposed to excessive stress and begins to elongate
or gap leading to a progressive loss of PIP joint exten-
sion and the development of a boutonniere defor-
mity. The SAM program addresses these problems.
Immediate SAM of 30 at the PIP joint imposes ap-
proximately 300 g of internal tension to the central
slip and 3.75mm of excursion at this level and




prevents these complications. Anatomic influences
are analyzed in detail in the article supporting
SAM,® describing the effect of sagittal band migra-
tion with MCP motion and contributions of the inter-
ossei and lumbricals on central slip tension.

Orthotic Geometry

Anatomical and clinical work support orthosis
immobilization only for the digit with the PIP and
DIP joints at absolute 0° of extension.

Patterns of Motion

The PIP joint is actively moved through a range of
30° from flexion to extension with the wrist in 20" of
flexion and the MCP joint at 0" of extension in the first
three postoperative weeks. With lateral band repair,
the DIP joint can be moved to 30" if the PIP joint is
held in full extension; with no repair, the DIP joint
may be flexed to end range. Volar template orthoses
are used during exercise to insure precision with
SAM exercise. Parameters of motion are gradually
increased in weeks 3—6 if no extensor lag develops;
by week 6, the PIP should be moving approximately
0—80’. In my initial study, when compared with three
to six weeks of continuous immobilization, SAM
produced statistically improved results with regard
to extensor lag, total active motion, and treatment
time.*” This specific protocol for early motion of the
repaired central slip is recently supported by other
investigators.*®

Zones V and VII

I prefer to treat the repaired EDC in zones Vand VI
with dynamic splinting, which allows approximately
30—35 of motion for the index and long digits and
40—45" of motion for the ring and small digits,z84
effecting approximately 5mm of excursion.*® This
motion is supplemented in therapy with a modified
wrist and digital tenodesis, and “place-and-hold”
active extension to insure true proximal tendon mi-
gration. Newport and Shukla** have demonstrated
that these tendons are moving actively within the
confines of dynamic traction; hence, “passive” proto-
cols with traction are probably a moot point. The dig-
ital joints must rest in full extension within the
orthosis to prevent extensor lag. Wrist position
should be neutral. It has been demonstrated that if
the wrist is extended more than 217, the extensors
glide with little or no tension in zones V and VI
throughout full simulated grip to full passive exten-
sion.*! Howell et al.* have used an immediate con-
trolled active motion program for these zones since
the 1980s with excellent clinical results. Their orthotic
design positions the involved digit (digits) in “rela-
tive hyperextension” of 15-20" to the uninjured
digits to relieve stress at the repair site. The design

has two components: a simple yoke orthosis to con-
trol the MCP joints and a second wrist control ortho-
sis. Their technique is supported by intraoperative
measurement, clinical experience, and a recently
published biomechanical study.*’ Their results are
impressive.

Zone VII

Orthotic geometry and patterns of motion in zone VII
are similar to those in zones V and VI, and early mo-
tion is especially critical as the tendons are synovial at
this level. Wrist position should be in at least 40—45’
of extension if the wrist extensor tendons are in-
volved. Attention to differential gliding for the EDC
and modest wrist flexion to about 20° with the digits
held in active extension will minimize tendon-to-
tendon adherence in the fourth dorsal compartment
if the wrist tendons are uninvolved. Chinchalkar
and Yong*® have described a technique for encourag-
ing relative excursion of repaired tendons in zones VI
through VIII, which they term “double reverse
Kleinert” technique. This clever dynamic orthosis
promotes differential tendon gliding to control inter-
tendinous adhesions as they are formed in the early
postoperative phase. This design encourages both in-
dependent and combined wrist and digital motion.

Extensor Pollicis Longus

Zones TI-V

Zone 1 EPL repairs should be treated as mallet
injuries for the digits, with P' and P? continuous
splinting in slight hyperextension; zone TII with a
hand-based orthosis and SAM of the IP to about 15’
in the early phase; and zone TIII-1V as a boutonniere,
again with a hand-based orthosis with all thumb
joints in extension. The zone TV repair, which is at
the retinacular level, will be subject to the develop-
ment of dense adhesion. I now prefer a simple long
opponens static orthosis with careful attention to
the MCP joint position to prevent a position of hyper-
extension. In therapy, the wrist is moved passively to
full extension with manual support of the thumb ki-
netic chain; the IP is moved to 60° with the wrist
and CMC and MCP joints in extension to effect
5mm of glide at Lister’s tubercle;** and then, with
the wrist in 20° of flexion, the EPL is activated with
an active ““place and hold” in extension. Dynamic
traction can be set up with the wrist in mild exten-
sion, CMC and MCP joints at 0" of extension, and
an allowed 60’ of flexion at the IP. I have found, how-
ever, that this orthosis is somewhat cumbersome and
that my results are equal with long opponens static
splinting.

The principles of postoperative extensor tendon treat-
ment are simple. Initiate treatment by postoperative day
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3, orthosis the repair site proximal to its normal resting
position, and control tendon excursion with an orthotic de-
sign that allows at least 5 mm (or more) of motion at the
repair site for zones III—VI, TIV, and V.

SUMMARY

The search for a solution for reestablishing func-
tional motion in a repaired tendon is ongoing and
“although biologic and biochemical modifications
have shown great promise in animal models, they
have not yet been tested clinically.”** In the future,
repair-site modifications may include the local deliv-
ery of growth factors to stimulate extracellular matrix
formation and prevent adhesion formation, and bio-
chemical tendon surface treatments to reduce fric-
tional resistance. At this time, however, the stronger
repair techniques and the application of controlled
stress remain the best and most well-supported inter-
ventions after tendon injury and repair. The hand
therapist’s role in this process remains a critical com-
ponent contributing to satisfactory outcome.
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JHT Read for Credit
Quiz: Article #223

Record your answers on the Return Answer Form
found on the tear-out coupon at the back of this
issue or to complete online and use a credit card,
go to JHTReadforCredit.com. There is only one
best answer for each question.

#1. The author believes that the future will see
a. lower rupture rates
b. higher rupture rates
c. the end of splinting during early rehabilitation
d. greater allowed ranges of motion with greater
loads during early rehabilitation
#2. Current approaches to rehabilitation are primar-
ily designed to
a. decrease the risk of PIP flexion contracture
b. break adhesions
c. promote intrinsic healing
d. balance the contributions of the FDP and FDS
#3. Following flexor tendon repair the rehab

community

a. has not agreed on “the best system of stress
application”

b. has agreed on “the best system of stress
application”
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c. has agreed on ““the best system of passive dig-
ital traction”
d. is abandoning passive digital traction
#4. The concept of a “Safety Zone” following tendon
repair refers to
a. the tension on elastic traction built into the
protective splint
b. the tolerance a repaired tendon has for load
and excursion without excessive gapping
c. Zone Il
d. Zones Il and IV
#5. Recent improvements in surgical technique and
early mobilization in therapy have resulted in
consistent results in outcomes following primary
repair
a. true
b. false

When submitting to the HTCC for re-certification,
please batch your JHT RFC certificates in groups of
3 or more to get full credit.




