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Abstract

Historically, the surgical treatment of flexor
tendon injuries has always been associated
with controversy. It was not until 1967, when
the paper entitled Primary repair of flexor ten-
dons in no man’s land was presented at the
American Society of Hand Surgery, which
reported excellent results and catalyzed the
implementation of this technique into world-
wide practice. We present an up to date litera-
ture review using PubMed and Google Scholar
where the terms flexor tendon, repair and
rehabilitation were used. Topics covered
included functional anatomy, nutrition, biome-
chanics, suture repair, repair site gapping, and
rehabilitation. This article aims to provide a
comprehensive and complete overview of flex-
or tendon repairs.

Introduction

Historically, the surgical treatment of flexor
tendon injuries has always been associated
with controversy.1 It was not until the mid-
1700s that the first experimental studies of
tendon healing were carried out by John
Hunter.2,3 Early work by Bunnell recognized the
problems of restrictive adhesions around
repair sites and coined the term no man’s land
for the region where the flexor tendon passes
through the digital sheath.4 It was not until the
1960s that primary tendon repair was first car-
ried out but initial success rates for were not
universally satisfactory.5,6

In 1967, a paper entitled Primary repair of
flexor tendons in no man’s land was presented
at the American Society of Hand Surgery. This
reported excellent results and catalyzed the
implementation of this technique into world-
wide practice.7 As a result, numerous surgeons
began to report results indicating success fol-
lowing primary repair of flexor tendons.
Furthermore, many experimental studies were
initiated, focusing on flexor tendon healing,

suture techniques, suture materials and post-
operative rehabilitation. The evolving interest
in primary flexor tendon repair stimulated
research, which raised further questions
regarding what can be done to improve the
healing process. The aim of this review is to
provide a concise overview of this diverse field,
including the anatomical, physiological, bio-
mechanical and surgical concepts associated
with flexor tendon repair. As a result of this
article, we aim to improve the reader’s under-
standing of this complicated topic.

Materials and Methods

PubMed and Google Scholar were searched
using the terms flexor tendon, repair and reha-
bilitation. Papers not in English were exclud-
ed. One reviewer manually screened appropri-
ate articles by review of titles and abstracts.
Further review of full text was conducted by
the first author and fifty-four articles were
selected for inclusion based on their relevance
and recent publication date.

The functional anatomy 
of flexor tendons of the hand

The word tendon derives from the Latin
word tendere, meaning to stretch and alludes
their role as flexible cables, transmitting
forces to the fingers from the common flexor
origin in order to provide strength and motion
at the finger and wrist joints.

The flexor tendons of the hand mainly orig-
inate from the common flexor origin at the
medial epicondyle of the distal humerus.
These muscles are generally referred to as the
long flexors, and run in two layers along the
volar surface of the forearm. The superficial
layer and deep layer are known as flexor digi-
torum superficialis (FDS) and flexor digitorum
profundus (FDP) respectively. The FDS and
FDP tendons travel through the carpal tunnel
as two layers. The FDP tendon inserts centrally
into the base of the distal phalanx, where it
functions as a primary flexor at the distal inter-
phalangeal joint (DIPJ) and as a secondary
flexor at the proximal interphalangeal joints
(PIPJ) and metacarpophalangeal joints
(MCPJ). At the level of the MCPJ, the FDS ten-
don splits into two lateral bands with the FDP
tendon running between, forming the chiasm
of Camper. The two bands of the FDS tendon
insert onto the middle phalanx, where they pri-
marily flex the PIPJ, with secondary action at
the MCPJ.8

The thumb has a separate primary flexor
inserted into its distal phalanx; namely flexor

pollicus longus (FPL). This originates from the
volar surface of the radius and the adjacent
interosseous membrane arrives at the thumb
through the carpal tunnel. 

Distal to the carpal tunnel, the tendons
become enclosed within a synovial sheath. The
function of the synovial sheath is mainly nutri-
tion and lubrication, which reduces friction
and improves gliding motion during
excursion.8

The traditional classification of flexor ten-
dons involves five zones, illustrated in Figure
1.5 Zone I represents the region distal to the
insertion of the FDS. Zone II describes the
region from the distal palmar crease to the
insertion of the FDS on the middle phalanx,
where FDS and FDP share the fibro-osseous
sheath of the digit. It is this zone that is
referred to as no man’s land. Zone III lies
between the distal part of the transverse carpal
ligament and the distal palmar crease. The
tendons of Zone IV are located within the
carpal tunnel. The most proximal part of the
tendons where they fuse with the muscle belly
(the musculo-tendinous junction) is found
proximal to the carpal tunnel and represents
Zone V.5

Within each the digit, the tendons are held
in a fibro-osseous canal where the phalanges
form the dorsal wall and the flexor sheath pro-
vides palmar coverage. The synovial part of the
flexor sheath is segmentally thickened to form
annular and cruciform pulleys. These keep the
tendons in close proximity to the bone and pre-
vent bowstringing.9 There are five annular pul-
leys numbered in ascending order from proxi-
mal to distal (A1-A5) and three cruciform pul-
leys (C1-C3). A1, A3 and A5 are located over
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the MCPJ, PIPJ and DIPJ respectively. A2 and
A4 are the longest and are located over the
middle part of the proximal and distal phalanx
respectively. The A2 and A4 pulleys are consid-
ered to be the biomechanically strongest and
the most important to prevent tendon bow-
stringing.9,10

Morphologically the flexor tendons are simi-
lar to other tendons in the body, being formed
predominantly of fibroblasts and extracellular
matrix consisting of 70% water, 30% type 1 col-
lagen, proteoglycans and 2% elastin.11,12 The
collagen fibers are arranged longitudinally and
are closely packed running in parallel to the
line of the tendon. The strength of the tendon
prevails from the collagen fibers, whereas the
flexibility of the tendons can be accounted for
by elastin.13

Nutrition and healing

Sources of nutrition for tendons are two-
fold; intrinsic and extrinsic. The vascular per-
fusion of the tendon provides intrinsic nutri-
tion. This derives from four main sources; lon-
gitudinal vessels form palmar tributaries, ves-
sels form the synovial reflection in the palm,
vessels from the osseous tendon insertion and
those entering through the vinulae.14,15 The
majority of the vascular supply enters dorsally,
leading to areas of hypovascularity.15,16

The extrinsic supply of nutrition occurs
from synovial fluid by diffusion to hypovascular
areas of tendon. The synovial fluid is produced
from the synovium that lines the flexor sheath
and production of this fluid is increased during
finger movement.16 The tendon healing
process is largely dependent on unobstructed
nutritional supply from its various sources. 

Initial debate existed regarding whether
tendon healing resulted from proliferation of
intrinsic cell components or migration of
extrinsic cells. Current understanding has
largely resulted from research done in the
early 1980s, where several studies using lacer-
ated flexor tendon segments placed in an
extracorporeal culture environment, with com-
plete absence of extrinsic cells, were per-
formed. This demonstrated that healing did
still occur, establishing that the primary mech-
anism of self-repair is intrinsic and proving
that tendons can heal intrinsically, without the
need for external sources.17,18 In fact, it is now
known that extrinsic healing, through the
ingress of inflammatory cells, leads to the for-
mation of peri-tendinous adhesions. This
effectively binds the tendon to the sheath and
prevents movement. In vivo it is impossible to
obliterate the action of extrinsic factors and
tendon healing occurs from both processes,
with the intrinsic system being the most
important. Methods have been introduced to

minimize adhesions and enhance the
response to injury, such as early mobilization
and meticulous tissue handling.17,18

The biomechanics of healthy
tendons

In order to produce smooth motion of a joint
there is a critical interaction of muscle and
bone through the tendon-pulley system. The
mechanical characteristics of tendons that
allow transmission of these forces come from
the linear orientation and strong cross-linking
of collagen fibers.19

Tendons have viscoelastic properties
exhibiting characteristics such as stress relax-
ation and creep. The values for the Young’s
modulus of flexor tendons lie between 1200-
1800 Megapascals (MPa), with ultimate
strength varying between 50-150 MPa.
Ultimate strain ranges from 9-35% of the ini-
tial length.20

The mechanical properties of tendons are
affected by pathological and physiological fac-
tors such as exercise, which increases tendon
strength by stimulating tendon synthesis.21

Rest periods in between exercise are also
important for morphological adaption.22 Strict
immobilization leads to a time-dependent
reduction in tensile stress and Young’s modu-
lus.23 Degenerative changes occur in tendons
during ageing, with a reduction in strength
and size and an increased risk of rupture.24

The stress-strain curve for a typical tendon

is not linear. A tendon under tension initially
extends at low stress before elastic extension
occurs, until deformation.25 Microscopically,
tendon fascicles have a crimped appearance to
the fibrils when under zero load. The low
stress required for initial extension is a result
of straightening of the fibrillar crimps and
allows an extension of approximately 3%.25

However, once the crimping has straightened
out, the load required to elongate the tendon
increases, as elastic extension of the tendon
fibers is required.

The load-displacement curves typically con-
sist of an initial non-linear toe region, a linear
slope and then a failure region. The linear
slope of the curve represents the stiffness or
rigidity of the tendon. The point of loss of lin-
earity of the curve is considered the yield
point, at which the material experiences sud-
den deformation. Beyond the yield point the
tendon begins to change its cross-sectional
area uniformly. The ultimate tensile stress is
reached once the tendon is at its maximum
value of stress.

The biomechanics of tendon
repairs

The goal of primary repair of flexor tendons
following transection is to recreate a strong
construct with minimal iatrogenic trauma to
the pulley sheath system and the tendon. The
conventional method involves a combination
of a core suture and a circumferential epi-
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Figure 1. Schematic demonstrating the zones of the hand.
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tendinous suture. The result of the suture
technique must respect the biological and bio-
mechanical considerations while providing the
smoothest possible gliding surface. Good sur-
gical technique is considered to have an
impact on outcome, with emphasis placed on
atraumatic technique. The ideal surgical sce-
nario would involve a bloodless operative field,
asepsis, satisfactory lighting, high-quality
instruments and a comfortable position for the
surgeon, who should exercise meticulous tech-
nique. Minimal sacrifices to the pulley system
should be made. Three factors influence the
biological and biomechanical properties of the
repair, each of which is discussed in turn.

The configuration of the core
suture

Initial flexor tendon repairs were performed
in the same way as repairing a skin laceration.
In order to avoid the inevitable pull through of
the sutures, there were long periods of immo-
bilization, with subsequent poor results.26 In
the early twentieth century, this problem was
addressed by placing sutures at right angles to
the orientation of the fibers.27 In 1940, there
was the addition of a perpendicular weave in
either end, resulting in a technique with 4
strands of suture passing through the repair
site with only two of them passing within the
tendon.27 In 1973, Kessler modified this by
using only two strands passing through the
repair site and within the tendon. There were
initially two knots securing the sutures in
exactly opposite sides of the repair. The
Kessler suture has received numerous modifi-
cations and has become the most popular
repair technique.27 It is well accepted that tech-
niques with greater number of suture strands
crossing the repair site result in higher tensile
strengths.28-30 Studies by Strickland and Boyer
suggest that the ideal technique contains at
least four strands, although up to eight strands
have been used in clinical practice.31,32

As the number of strands increases, there is
a negative effect as friction and pressure with-
in the synovial sheath increases. A further
problem is placement of the knot. Placement
within the repair site increases friction and
can cause mechanical obstruction during ten-
don excursion if placed on the surface. Current
biomechanical literature regarding tensile
strength in relation to knot position shows no
significant difference between placements.33-35

The epitendinous suture: depth and
pattern

An epitendinous suture is used in addition
to the core suture and is placed circumferen-
tially around the repair. The aim of this suture
is provide a smooth tendon surface and
decrease the repair bulk.36 Biomechanical
studies have showed that this suture increases

tensile strength at the repair site and decreas-
es early postoperative repair gap formation.37

More recent studies have looked at ways to
improve the strength of this repair, and these
suggest that purchase of at least 2 mm on each
tendon stump improves strength.38

The suture material: size and type
Originally, sutures used in the twentieth

century were composed of silk, cotton or
catgut. Nylon was introduced in the early
1950s and is still commonly used. The ideal
suture material is biologically inert, has a high
ultimate tensile strength (UTS) and a high
modulus of elasticity, handles and ties easily
and holds well when knotted.39 The UTS of a
typical suture used for a core suture in tendon
repair is in the order of 35N.39

The suture material can be monofilament or
multifilament. Monofilaments run through tis-
sues smoothly with no sequestered spaces for
bacteria to dwell, but handle less well when
compared to multifilament sutures.40

Traditionally, the most commonly used materi-
als are synthetic polyester for the core suture,
usually 3-0 caliber, and a monofilament for the
epitendinous suture, usually 6-0 caliber.41-43

Formation of repair site gaps 

The formation of a gap at the tendon repair
site represents a dehiscence of the repair. It
was believed that the formation of such a gap
would lead to flexor tendon adhesions,
decreased tendon glide and consequently digi-
tal stiffness.44,45 Further follow up studies have
been conducted to measure gap formation
using implanted intra-tendinous metal mark-
ers. This concluded that gaps were common
and did not affect intra-synovial adhesions or
stiffness and did not always result in a poor
outcome.46

The formation of a gap greater than 3 mm is
used to predict subsequent failure of the
repair. Gelberman et al. studied tendon failure
in an in vivo canine model and concluded that
repaired tendons with a gap of less than 3 mm
had increased strength compared to those with
a greater than 3 mm gap.47

Post-operative rehabilitation

Post-operative management has a signifi-
cant bearing on the outcome of flexor tendon
injuries. Rehabilitation must balance between
protection of the repair from excessive forces
and prevention of adhesions. Historically, ten-
don repairs were immobilized for at least three
weeks to protect the repair from rupture. This
has now been abandoned as early motion of

the repair leads to improved tendon excursion,
fewer adhesions and improved tensile proper-
ties.48 Numerous rehabilitation protocols are
available.49

Experiments involving chicken tendons
have showed that the intrinsic response of lac-
erated flexor tendons to cyclical loading pro-
duces intensified multiplication and migration
of fibroblasts, as well as stimulating collagen
synthesis.50 Kubota et al. examined the indi-
vidual effects of motion and tension on the
healing response of injured chicken tendons
and found that both motion and tension
enhance response to injury. This has encour-
aged surgeons to prescribe active protocols
that further increase the motion stress on the
repair site in order to stimulate healing. 

A recent in vivo study of flexor tendon heal-
ing demonstrated that during the first three
weeks after repair, there is no increase in ulti-
mate tensile strength but there is a significant
increase in repair site rigidity.51 These studies
suggest that the mechanical changes of tendon
repairs seen in the first few post-operative
weeks relate to the effects of early healing.
However, it is possible that the process of
cyclic loading itself leads to alterations in the
tensile properties of the repair site.

It is widely accepted that the tendon should
be moved soon after the repair is performed in
order to prevent adhesions. There is however
considerable discussion over the duration
before movement is started, the excursion of
the movement required and the loads placed
on the tendon. Opinions range from gentle,
passive movement to active movement, poten-
tially against increasing resistance. A system-
atic review of reported results from varying
rehabilitation protocols has confirmed that
static splinting is likely only to yield 60% of the
total active range of motion when compared to
dynamic splinting protocols.52 Dynamic splint-
ing includes both active movement, where the
repaired musculo-tendinous unit is used to
actively move the finger, and passive move-
ment, where the finger is moved by the thera-
pist or by using the other hand and not by
using the repaired structure. Current evidence
reports that active rehabilitation protocols give
a better range of movement, smaller flexion
contractures and greater patient satisfaction
when compared to passive rehabilitation pro-
tocols.53

Clinical results of flexor 
tendon repair

The outcome of tendon repair in the clinical
situation is less predictable than the results of
biomechanical studies would suggest for sev-
eral reasons. Studies in humans are obliged to
be done opportunistically, as it is ethically
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unacceptable to section tendons in humans for
the sole purpose of performing a repair. Thus,
the repairs performed in humans are done
under varying conditions, including quality
and size of tendon, zone of injury, quality of
repair and the rehabilitation protocol used.
Accidental overstress of the repair can occur
and compliance with hand therapy can be poor.
Patients with a variety of medical conditions
affecting tendon quality, such as rheumatoid
arthritis, are often included in studies and can
confound results. Surgical site infections,
which lead to inhibition of movement from
pain and swelling and an increase in adhe-
sions, are also included in outcome studies. 

Current data suggests good or excellent out-
comes in over 75% of flexor tendon repairs.54

Rupture occurs in 4-10% of finger flexor
repairs and 4-17% of long thumb flexor
repairs.54 Modern tissue engineering
approaches and focused rehabilitation proto-
cols are the future avenues for further improv-
ing recovery.
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