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Wide-awake Flexor Tendon
Repair and Early Tendon
Mobil ization in Zones 1 and 2
Donald H. Lalonde, MD, FRCSCa,*, Alison L. Martin, BSca,b

The wide-awake approach to flexor tendon repair
has decreased our rupture and tenolysis rates,
and permitted us to get consistently good results
in cooperative patients. We no longer perform
flexor tendon repair with the tourniquet, sedation,
and muscle paralysis of general or block (Bier or
axillary) anesthesia.

WIDE-AWAKE SURGERY: THE MERITS
Tourniquet is No Longer Necessary

Injection of only lidocaine with epinephrine wher-
ever incisions will be made in the finger and hand
permits deletion of the tourniquet, sedation,
general anesthesia, and blocks (Bier or brachial

plexus) that paralyze the muscles and negate
comfortable patient cooperation with active finger
full flexion and extension during the surgery. When
patients are awake, they can test their flexor
tendon repairs with a full range of active move-
ment during the surgery.

Finger Epinephrine is Safe

Epinephrine in the finger is now known to be safe.
Finger necrosis blamed on epinephrine before the
1950s when the epinephrine myth was created is
now known to have been caused by procaine.1

In 1957, phentolamine was invented. This alpha
blocker has since been shown to reliably reverse
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KEY POINTS

� Pain-free unsedated patients with no tourniquet can comfortably test the flexor tendon repair with
active movement before the skin is closed.

� Rupture rates can be decreased because gapping of the repair caused by sutures tied too loosely
can be seen with intraoperative full flexion and extension. The gap can be repaired before the skin is
closed.

� Tenolysis rates can be decreased because the surgeon can make pulley and repair adjustments to
ensure that there is a full range of intraoperative active movement before the skin is closed.

� Watching the patient perform a full range of active movement without gapping during surgery
makes the surgeon more comfortable to allow midrange active movement (as opposed to place
and hold) after surgery.

� We now allow patients to perform protected midrange active flexion movement after surgery
(interphalangeal joints 0� full extension to 45� flexion).
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epinephrine vasoconstriction in the human finger
as an antidote at a dose of 1 mg injected in which-
ever volume is required to be injected wherever
the epinephrine was injected.2 Large series report-
ing the safe injection of finger epinephrine have
been published in which phentolamine rescue
has never been necessary.3,4 There are no cases
of finger necrosis even with accidental injection
of high-dose 1:1000 epinephrine.5

Repairing Gaps Revealed with Intraoperative
Active Movement Testing of the Repair
Decreases Rupture Rates

The most important thing to avoid is gapping of the
tendon repair, which leads to tendon rupture. After
the repair, the patient is asked to flex and extend
the finger completely. When a patient takes the
tendon repair through a full active range of motion
during the surgery, the surgeon sometimes ob-
serves a gap that occurs because the tendon
suture is not tight enough. The gap can be repaired
with a tighter suture to avoid rupture.6 A series of
102 patients with intraoperative testing of wide-
awake flexor tendon repairs by our group revealed
7 patients with intraoperative gapping that was re-
paired intraoperatively and did not rupture postop-
eratively. None of the 102 patients who followed
proper postoperative instructions ruptured after
surgery.7

Ensuring that There is a Full Range of Active
Movement Before the Skin is Closed
Decreases Tenolysis Rates

After the repair, the patient is asked to flex and
extend the finger completely. If the repair does
not fit through the pulleys during the surgery, it is
not likely to fit through the pulleys later and will
almost certainly require a tenolysis. However, in-
traoperative repair adjustments such as complete
division of the A4 pulley or partial division of the
A2 pulley, as advocated by Tang,8 often permit
conversion to a full range of movement. As an
alternative, the repair can be trimmed with resec-
tion or slimmed with sutures if there is excessively
bunched tendon that does not fit through pulleys.
Full range of active flexion and extension should
be ensured before the skin is closed so that tenol-
ysis is less likely to be needed postoperatively.

Watching Gap-free Full Active Flexion and
Extension During Surgery Facilitates Active
Protected Movement After Surgery to Prevent
the Repair from Getting Stuck

When the comfortable unsedated patient takes the
finger through a full range of flexion and extension
during the surgery (metacarpophalangeal [MP]

joint full extension to 90� flexion, proximal inter-
phalangeal [PIP] joint 0� full extension to 270�

flexion, distal interphalangeal [DIP] joint 0� full
extension to 90� flexion) without gapping or
rupture, the surgeon is more confident and in al-
lowing the patient to perform early midrange active
protected movement (0� full extension to 45�

flexion of MP, PIP, and DIP joints) with minimal
risk of rupture.

ANESTHESIA TECHNIQUE
Volume and Concentration of Tumescent Local
Anesthesia: Large Volume and Low
Concentration Where Incisions and Dissection
will be Performed

Lidocaine with epinephrine is injected everywhere
the surgeon will be dissecting. This is like an extra-
vascular Bier block that is injected only where
surgery will be performed. We keep the total dose
less than 7 mg/kg. If less than 50 mL is required,
we use 1% lidocaine with 1:100,000 epinephrine.
If 50 to 100 mL will be required (hand and forearm
cases), we dilute the local with saline (50:50) to
a mixture of 0.5% lidocaine with 1:200,000
epinephrine. In large forearms that need a volume
of 100 to 200 mL to anesthetize a large area, we
use 0.25% lidocaine with 1:400,000 epinephrine.9

HowMuch and Where to Inject Lidocaine with
Epinephrine in the Finger and Palm

In the finger, the 1% lidocaine with 1:100,000
epinephrine is injected the subcutaneous fat in
the middle of the base of the phalanges between
both digital nerves so the bevel of the needle
does not lacerate the fascicles.10,11 In the proximal
and middle palmar phalanges, 2 mL are injected.
In the distal phalanx, 1 mL is injected.
We routinely inject 10 to 15 mL in the palm wher-

ever dissection will be performed.

Tips to Minimize the Pain of the Local
Anesthesia Injection into the Finger and Hand

� Buffer the lidocaine with epinephrine with 1
mL of 8.4% bicarbonate for each 10 mL of
1% lidocaine with epinephrine12 (this takes
the pH from 4.7 to 7.4).13

� Use a 27-gauge needle, instead of 25 gauge,
so that it hurts less going in. Smaller gauge
needles also force you to slow the injection
down, which makes it less painful.

� Try to insert the needle perpendicular to the
skin for less pain.14

� Do not inject intradermally; it hurts more.
Inject 0.5 mL into the fat under the skin,
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then pause until the patient tells you all that
the sting is gone.

� Slowly inject at least the first 5 to 10 mL in the
hand or forearm before moving the needle.

� Inject in the most proximal area that is likely
to be dissected. Wait 15 to 20 minutes before
injecting distally so the distal nerves have
time to be blocked (Figs. 1–4).

� Always have at least 10 mm of local ahead of
the needle so that the needle is advanced
into only numb areas.

� Use more local than is expected to be
needed in the hand and forearm. Patients
never complain about being too numb, but
they will remember you for not numbing
them enough. However, do not use more
than 2 mL per phalanx in the fingers to avoid
too much compartment pressure.

� Blow slow before you go, blow slow before
you go; repeat this mentally as you inject.

� Ask patients to tell you if they feel any pain
during the injections; you will only improve
your score (the number of times they feel
pain during the injection process).15

Preoperative Planning of Local Anesthetic
Injection

The patient can be injected outside of the oper-
ating room so that the epinephrine has 20 to
30 minutes or more to produce optimal vasocon-
striction. The patient should be lying down for the
injection because the occasional patient becomes
vasovagal and possibly faints, even lying down.
Patients may say that they are not feeling well or

feel nauseated, or they may get pale between the
eyes; these are symptoms and signs that they
will faint. Immediately flex the hips and knees to
get more blood to the brain. Then the head of the
bed can be lowered in the Trendelenburg position
and the pillow removed from under the patient’s
head to further improve blood flow to the brain.

Fig. 1. Between 10 and 15 mL of 1% lidocaine with
1:100,000 epinephrine buffered with 10:1 8.4% bicar-
bonate are injected with a 27-gauge needle in the
palm more proximal than the most proximal incision
possible. The local is injected slowly just under the
skin in the fat without moving the needle.

Fig. 2. Between 15 and 30 minutes after the first
injection, the digital nerves are blocked and the
patient des not feel the next 3 injections. Two millili-
ters of 1% lidocaine with 1:100,000 epinephrine
buffered with 10:1 8.4% bicarbonate are injected
into the fat under the skin just past the palmar digital
crease between the two digital nerves. The patient
does not feel this injection if the injection in Fig. 1
has had time to work.

Fig. 3. Two milliliters of 1% lidocaine with 1:100,000
epinephrine buffered with 10:1 8.4% bicarbonate
are then injected into the fat under the skin just
past digital crease of the PIP joint between the
two digital nerves. The patient does not feel this
injection if the injection in Fig. 1 has had time to
work.
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After injection, patients should be warned that
they may get a shaky feeling, as though they
have had too much coffee, because of the adren-
aline. They should be told that they are not allergic
to it, that it is a normal reaction to the injected
hormone, and that the shaky feeling will pass in
15 to 30 minutes. The half-life of epinephrine in
plasma is only 1.7 minutes.16

Prep and Patient Positioning

During the surgery, patients can lay on their back or
side, whichever is comfortable, because there is no
anesthetic equipment in the way. They are allowed
to watch the surgery, or parts of it, as they wish.
They should wear a mask if they are speaking
toward the wound. Patients with anesthetized
fingers lose their proprioceptive sense and you
may have to ask them to look at their fingers to get
them to actively flex and extend to test the tendon
repair after sutures. Most patients do not mind
this, andmanyare interested in seeing their surgery.

SURGICAL TECHNIQUE

Wide-awake flexor tendon repair is about the
anesthesia, not about the surgery. Surgeons can
use whichever technique they are most comfort-
able with. However, the author outlines his
preferred technique in this article.

Incisions and Hemostasis

Bruner or rectangular incisions with laterally based
flaps decrease the risk of tendon exposure if the

wounds should come apart. The pulp of the finger
tip can be cut down the center to the middle of the
distal phalanx, and the scissors used to spread the
soft tissues parallel to the nerves in the center of
the finger over the insertion of the flexor digitorum
profundus (FDP) from proximal to distal to avoid
nerve damage. If the surgeon stays in the middle
and uses scissors to spread the two nerve bundles
apart, nerve damage is minimized. It is like taking
your hand and pushing it up from the trunk to
the leaves between 2 bushes in your garden. The
nerves are pushed and stretched aside like the
branches of the bushes.
There will be bleeding when the skin is cut,

unlike when a tourniquet is used. However, by
the time the skin flaps are sewn back to the finger
dorsum with 4-0 nylon sutures, most of the
bleeding will have stopped. We no longer use
cautery, because the little bleeders stop sponta-
neously (or occasionally with a hemostat on bigger
vessels for a few minutes). A significant reward for
using no tourniquet is that there is no rebound
bleeding at the end of the surgery, and the field
is dry when the skin is closed. The other major
reward is the avoidance of patient uncooperative-
ness with even light sedation, muscle paralyzing
blocks (Bier and plexus), and general anesthesia.

Exposing the Sheath and Sheathotomies

The sheath is exposed from where the tendon can
be seen though it proximally to where the distal
tendon can be seen through the sheath distally
(Fig. 5). A small transverse incision is then made
in the sheath over the distal end of the proximal
tendon. The tendon is pushed like a rope distally
with 2 pairs of Adson forceps through the shea-
thotomy. In this way, the distal end of the tendon

Fig. 4. One milliliter of 1% lidocaine with 1:100,000
epinephrine buffered with 10:1 8.4% bicarbonate is
then injected into the fat under the skin just past
digital crease of the DIP joint between the two digital
nerves. The patient does not feel this injection if the
injection in Fig. 1 has had time to work.

Fig. 5. The sheath is exposed from where the tendon
can be seen though it proximally to where the distal
tendon can be seen through the sheath distally, and
a 1-cm bite of tendon is used to suture. The laterally
based flaps have been sewn back to the dorsal skin and
the bleeding dries by itself without cautery. A sheathot-
omy incision ismade justproximal to thevisibleproximal
end of the cut tendon so it can be pushed forward.

Lalonde & Martin210



Author's personal copy

is not crushed by a hemostat or forceps that might
be used to pull the tendon distally in the sheath.
The tendon end that needs to heal should not be
further traumatized with surgical manipulation.
The FDP also finds its way more easily through
the decussation of flexor digitorum superficialis
(FDS) if it is pushed distally rather than retrieved
with a red rubber catheter, which could take it
outside the FDS decussation. The tendon is
pushed sufficiently that the tendon repair can be
performed with no tension. It is then held in place
with needles in the sheath (Figs. 6 and 7).

If the Patient is Pulling Against the Surgeon

When the surgeon is trying to retrieve the proximal
tendon, the patient may pull on the tendon by
powering the flexors, making it difficult to get the
tendon out to length. This problem is easily over-
come in most patients by first asking them to relax.
If that does not work, ask them to extend their
fingers, which will reflexly relax their flexor
muscles. The tendon is then brought out to length
and held in the sheath with a needle.

Getting a 1-cm Bite of Tendon

Tang and colleagues17,18 showed that the ideal
tendon bite should be approximately 1 cm in
length. To decrease the pulley and sheath division,
transverse sheathotomies are made 1 cm from
where the repair is to be performed to allow the
needle to enter the tendon inside the sheath.
This is a safe maneuver because the patient will
be asked to move the tendon after each core
suture to ensure that the needle has not captured
part of the sheath (Fig. 8).

Sutures

Two locking 3-0 or 4-0 Kessler core suture repairs
(4-strand repair) with Ethibond (noncutting needle)

are used with a running 6-0 nylon epitenon
suture.19 If the repair is not in the sheath area, no
epitenon suture is required.

Intraoperative Testing of the Flexor Tendon
Repair

This may be the most important part of the opera-
tion. After each core suture and after the epitenon
suture, the patient is asked to completely flex and
extend all fingers, including the operated digits.
They may have to look at the fingers to accomplish
this because the local anesthesia obliterates
proprioception. The wounds can be covered with
gauze if the patients are uneasy about seeing their
open wounds.

If active full range of flexion and extension
creates a gap in the repair, the suture was not
placed tightly enough and needs to be replaced
with a suture with proper tension. In the days

Fig. 6. The tendon is pushed forward by alternately
grasping it with 2 Adson forceps through the prox-
imal sheathotomy wound until the tendon ends are
touching with less than no tension (pushing against
each other so they bulge together).

Fig. 8. A locking Kessler suture (Kessler with an extra
bite to lock the suture to prevent it from sliding) is
used as the first of 2 core sutures. Full active flexion
and extension is then performed by the wide-awake
patient after each core suture and after the epitenon
suture to ensure that the suture was tight enough to
avoid gapping, and to ensure that the repair moves
easily through the pulleys.

Fig. 7. A second sheathotomy is made proximally in
the sheath 1 cm from the tendon ends. It is through
this sheathotomy that the needle and thread are
inserted to enter the tendon inside the sheath. A third
sheathotomy is made similarly 1 cm distal to the repair
site for distal needle and suture insertion.
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before repairs were tested, these would likely have
gone on to rupture.
If the repair does not fit through the pulleys, we

completely resect the A4 pulley if required, and
resect up to half of the A2 pulley as advocated
by Tang.8,20 As an alternative, we trim the repair
or add sutures. The main thing is that the patient
has a full range of flexion and extension before
the skin is closed.

POSTOPERATIVE CARE AND REHABILITATION
The First 2 to 4 Days Postsurgery

We keep the hand elevated and immobile in an
orthosis (splint) with the wrist in comfortable
extension. The MP joint is flexed to 80� to 90�,
and the PIP and DIP joints are extended for the first
2 to 4 days postsurgery. Collagen formation does
not start until day 3, so serious adhesions are not
likely to start before then. In addition, if patients
move immediately after surgery, they may bleed
inside the wound and that blood will add to the
scar tissue. Also, the finger and tendons will be
swollen and have more friction as they try to
move in the sheath in the first 3 days. Elevation
and immobilization decrease bleeding and
swelling in the first days after surgery.

Days 3 to 21 Postsurgery

We follow a regime similar to that of Tang.8 During
this period, patients focus on full active extension
of the interphalangeal joints with the MP joints
flexed. They passively warm up the MP, PIP, and
DIP joints to decrease friction and work of the
tendons before starting active movement. We
allow midrange active movement. This means we
let them make a half a fist: 45� flexion of each of
the MP, PIP, and DIP joints active flexion of the
fingers. We do not allow full flexion of the PIP
and DIP joints because this would increase the
friction across the repair as well as risk the repair
fetching on the edge of a fully flexed pulley. The
lack of active movement, the friction of full flexion,
and the risk of tension of the repair on the edge of
a pulley in full flexion are the reasons we have
abandoned the full fist form of place-and-hold
form rehabilitation currently popular in North
America, and replaced it with the midrange active
protocol currently popular in the United Kingdom
and China.
We tell patients: “You can move it but you can’t

use it.” We get them to move both hands at the
same time and look from one to the other to mimic
mirror therapy. We continue to keep the finger
splinted with the wrist in comfortable extension,
the MP joint flexed to 80� to 90�, and the interpha-
langeal joint extended.

Films of the surgery and postoperative orthoses
are linked to Refs.9,21,22

SUMMARY

The wide-awake approach to flexor tendon repair
has decreased our rupture and tenolysis rates,
and permitted us to get consistently good results
in cooperative patients. We are now doing mid-
range active movement after surgery. We no
longer perform flexor tendon repair with the tourni-
quet, sedation, and muscle paralysis of general or
block (Bier or axillary) anesthesia.
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