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INTRODUCTION
The repair of tendon lacerations has evolved in the 

past generation.1,2 Introduction of early therapy has 
improved outcomes and made acute repair standard of 
care.3 Despite the ubiquity of specialty guided hand ther-
apy, it is not uncommon to develop adhesions limiting 
full tendon excursion. Prevention of recurrent adhesions 
after tenolysis is an inexact endeavor.4 Factors contribut-
ing to scar formation include tissue ischemia, infection, 
foreign material, exposure of denuded tendon void of 
paratenon, and of course, surgical intervention.5 The act 
of releasing scar tissue, in and of itself, recreates a new 

scar. Traditional approaches at improving motion after 
tenolysis emphasize early, next day motion. This method 
can produce limited results in many patients.6 Additional 
adjuncts have been incorporated to prevent the reaccu-
mulation of scar tissue. These methods include corticoste-
roid injections and mechanical separation of the tendons 
by biologic and inert products, including seprafilm, teno-
glide, integra, and others.7 Augmenting the immune sys-
tem with anti-inflammatories to temper scar response has 
been used for various indications, including preventing 
keloid scar reformation, improving nerve regeneration, 
and preventing hypertrophic burn scars.8 Tacrolimus 
inhibits interleukin-2 gene transcription and nitric oxide 
synthase activation. Furthermore, it potentiates gluco-
corticoids’ actions, limiting inflammation and scar tissue 
formation.9 In conjunction with transplant immunology, 
we used tacrolimus to lower the T-cell response in healing 
after tenolysis surgery. We present our protocol and a case 
description of one of our patients.

CASE DESCRIPTION
A 27-year-old man presented with poor arc of motion 

(average 72 degrees) after repair of all nine volar finger 
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recurrent adhesion accumulation in a patient with a prior spaghetti wrist injury. 
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and B cells. This results in decreased proliferation, angiogenesis, and cytoskeletal 
organization of fibroblasts on inflammation and integrin adhesions, and it poten-
tially explains the reduced tendon molecule adhesions seen in this patient.
Conclusions: Tacrolimus may be effective in reducing motion, limiting ten-
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normal hand function in a patient placed on low-dose tacrolimus after primary 
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flexor tendons, the ulnar artery, and the median and ulnar 
nerves following a volar wrist laceration (spaghetti wrist) 
from punching a glass window. The patient underwent 
immediate repair with compliant early, aggressive hand 
therapy. Initial tenolysis performed 17 weeks after injury 
in conjunction with hand therapy failed to significantly 
improve his motion (Fig. 1). This resulted in 95 degrees 
of average finger motion. Dense early return of adhesions 
prevented progress and the patient failed to improve arc 
of motion (98–95 degrees of average finger motion). In 
conjunction with transplant immunology, the patient was 
placed on systemic tacrolimus before and 3 months follow-
ing repeat tenolysis. Near-normal range of motion was suc-
cessfully achieved by 6 weeks (Fig. 2.). The average finger 
motion was greater than 200 degrees including indepen-
dent flexor digitorum superficialis function. Eight months 
from his second tenolysis and nuerolysis in conjunction 
with tacrolimus, the patient had return of normal tendon 
and nerve function. Clawing had resolved and thenar 
opposition returned (Fig. 3). Hand therapy was instituted 
the day after tenolysis surgery. It consisted of controlled, 
aggressive active and passive range of motion by a certi-
fied hand therapist. Oral pain medications and edema 
garments were used to reduce discomfort and swelling 
during treatments.

Tacrolimus began 1 week before surgery and lasted 11 
weeks following surgery. It was administered as an oral cap-
sule of 1–6 mg daily, and it was tapered according to the 
tacrolimus trough level of 5–8 µg/L. Levels were checked 
every other week. If a dosing adjustment was made, the 
level was checked the following week. The subsequent 
procedure consisted of a near-identical tenolysis of dense 
adhesions, using sharp dissection with a 15-blade knife to 
separate each structure. Near-normal and independent 
digital range of motion returned to the hand, and it was 
sustained at the last follow-up at more than 1 year postop-
erative (Fig. 4). He was able to return to work and other 
daily activities. The patient was counseled pretreatment on 

potential side effects, specifically nephrotoxicity. The use 
of tacrolimus for this purpose is considered off-label; how-
ever, as it is FDA approved, IRB approval was not required.

Mechanistic Explanation for Tacrolimus Prevention of 
Excess Tendon Scarring
Mechanism for Tendon Adhesion Formation

Adhesion formation occurs from scarring between 
two damaged tissues when motion is restricted.10 At ini-
tial injury, granulation tissue and capillary beds fill the 
space between the cut tendon ends, laying the ground 
work for new capillary formation.11 The initial activation 
signal results from the secretion of lymphokines and 
the expression of growth factor receptors. Lymphokines 
bind to these receptors and generate another indepen-
dent activation signal. This signal induces proliferation. 
Macrophages function to clear neutrophils and high lev-
els of proinflammatory cytokines, allowing the wound 
to progress in the stages of healing. Wounds containing 
high levels of these proinflammatory cytokines, including 
platelet-derived growth factor, TGF-β1, epidermal growth 
factor, and fibroblast growth factor, are less able to control 
inflammation.5 In normal wound healing, TGF-β1 is sup-
pressed as macrophages clear inflammation. This allows 
the breakdown of collagen, limiting scar formation, and 
the deposition of newly disorganized collagen follows.11,12

TGF-β1 signaling is implicated under pathologi-
cal conditions of hypertrophic scarring,13,14 and it is 
dependent on macrophage function and quantity. At 4 
weeks, fibroblast organization is present in the tendon, 

FIG. 1. Primary tenolysis procedure releasing dense fibrotic motion 
limiting adhesions performed 4 months after injury. The patient 
quickly redeveloped thick pathologic adhesions without significant 
clinical benefit from scar tissue release.

FIG. 2. The patient regained near-normal finger flexion and inde-
pendent flexor digitorum superficialis function 6 weeks after 
secondary tenolysis treated in conjunction with systemic immuno-
suppressive tacrolimus therapy.
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and there is little dense collagen present in adhesions 
(sparse and loosely arranged). At 5 weeks, despite an 
immature organization of collagen and fibers, the ten-
dons are strong and functional. At 3 months, tendon 
adhesions are dense, but they are still distinguishable 
from the tendon. At 4 months, healed tendon and scar 
are indistinguishable.11

Excess collagen formation is normally prevented by 
fibroblastic release of matrix metalloproteinases (MMPs), 
which degrade collagen. However, upon injury or in 
pathologic scarring, fibroblasts produce IL-2, and MMP 
synthesis is inhibited due to the activation of TGF-β1.12,15 
Excess production of TGF-β1 causes this excess scarring 
and, ultimately, the creation of motion-limiting tendon 
adhesions.

Mechanism of Action of Tacrolimus
Tacrolimus suppresses IL-2 and TGF-β1, which can pre-

vent overaccumulation of scar tissue.9 Tacrolimus prevents 
the phosphatase action of calcineurin, which causes IL-2 
gene suppression in T-helper lymphocytes.9 Additionally, 
evidence demonstrates that tacrolimus enhances MMP 
expression following TGF-β1 stimulation. Consequently, 
collagen synthesis and subsequent scar tissue formation 
can be attenuated.16

Tacrolimus also prevents B-cell and T-cell activation 
and proliferation. T cells participate in the inflammatory 
phase of wound healing and aid in releasing cytokines and 
growth factors. Fibrocytes produce collagen, and they also 
secrete cytokines and growth factors.17

Tacrolimus primarily targets calcineurin, a rate limit-
ing enzyme in T-cell signal transduction. Calcineurin’s 
enzymatic activity is modulated by Ca2+ and calmodulin.9 
Tacrolimus inhibits the transcription of proinflammatory 

FIG. 3. The patient regained intrinsic function, including thumb 
opposition and resolution of clawing by 8 months after his second 
surgery (13 months from injury).

FIG. 4. Progression of finger motion collected from hand therapy visits. The patient underwent acute repair 
of lacerated structures in August 2016. Postoperatively the patient plateaued in making progress with hand 
therapy. He underwent a standard tenolysis surgery in November 2016 and began an early aggressive ther-
apy program without additional improvements. In April 2017, he underwent a repeat tenolysis in conjunc-
tion with tacrolimus and made dramatic improvements in finger motion. aROm, active range of motion.
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cytokines and the proliferation of T-lymphocytes, and it sup-
presses the cell-mediated and humoral immune response. 
Specifically, it blocks lymphocyte proliferation due to its 
inhibition of calcium-dependent events in signal transduc-
tion that commonly follow T-lymphocyte proliferation.18

The primary documented side effect of tacrolimus is 
nephrotoxicity. This complication occurs through a variety 
of mechanisms, including vasoconstriction. This can cause 
acute and transient damage, leading to permanent scarring 
after prolonged exposure. The toxicity is dose and time-
dependent, but histologically, it occurs to some extent uni-
versally at 10 years. Patients should be cautioned on use of 
non-steroidal anti-inflammatory drugs, diuretics, and salt 
depletion during use. Serum levels also need to be moni-
tored. Additional side effects are related to alterations of the 
immune system, including viral infections or reactivation 
of herpes simplex virus. Tacrolimus can also cause hearing 
loss or precipitate a transient, reversible tremor. Short-term  
(<6 mo), low-dose use, as in this case, is associated with a 
low risk of complications.

DISCUSSION
Standard of care for tendon injuries includes acute 

repair and early controlled range of motion. This bimo-
dality method of surgery combined with therapy has 
improved outcomes over the past generation.6 Despite this, 
many patients still require additional tenolysis surgery.2 
Other investigators have described adjunctive therapies to 
prevent adhesions from occurring, including altering the 
biohealing environment.19,20 These include anti-inflamma-
tories such as ibuprofen or aspirin.13 Tacrolimus exhibits 
properties specific to prevention of excess scarring, and 
it may be more ideal for this indication. We have had 
promising anecdotal experiences in the clinical environ-
ment, and we are evaluating these effects further in the 
laboratory. This patient represents the first reported case 
of using tacrolimus to augment the healing process after 
a tenolysis procedure. Patients considered for this treat-
ment are evaluated by a transplant nephrologist with a 
discussion regarding the potential risks. Serum levels are 
monitored bi-weekly throughout the treatment course.

Tacrolimus might be effective in reducing tendon adhe-
sions due to a pharmacologic mechanism that causes inhi-
bition of certain inflammatory cytokines. This mechanism 
affects the cytoskeletal organization of fibroblasts, leading 
to inflammation and integrin adhesions. Tacrolimus also 
prevents the proper function of activated T cells and B 
cells, and this results in decreased proliferation and angio-
genesis.18,22,23 Wound healing was not compromised in this 
patient. Tacrolimus could theoretically slow healing due to 
its inhibition of TNF- α in keratinocytes. However, epider-
mal undifferentiated cells in the basal layer heal through 
an independent mechanism. Tacrolimus is routinely used 
in patients with solid organ transplantation without signifi-
cant impairment in tissue healing. These mechanisms may 
contribute to the reduced tendon molecule adhesions we 
observed in this patient, and furthermore, it can explain 
the mechanism of action for use of tacrolimus in prevent-
ing excessive scarring.24
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