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Tendon has chiefly a mechanical part to play at the intersec-
tion of muscle and bone, directly transmitting contractile
forces while dissolving stress that would otherwise concen-
trate should muscle interface directly with bone.1,2 It stores,
releases, and dissipates energy to efficiently maintain the
joint-loading cycle while protecting adjacent tissues.1 None-
theless, tendinous injuries are exceedingly common, with
50% of musculoskeletal injuries recorded in the United States
involving tendinous or ligamentous injury and 10% of people
(50% of runners) experiencing Achilles tendinopathy by age
of 45.1,3 While tendon rupture usually corresponds to an
acute incident, evidence suggests that chronic degenerative
changes are usually present and contribute to the rupture.4

Thus, it is crucial to consider tendon healing in the context of
its development, regeneration, and of the histologic changes
that reflect its long-term degeneration.

Tendon Anatomy and Classification

Afirmgrasp of hand and tendon anatomy is thebackbone of a
productivehand surgery practice.Mechanically, a functional,

mature tendon is a highly hierarchical connective tissue
composed of ensheathed fascicles of collagen (mainly type
I) fibrils aligned with intervening fibroblasts. The tendon’s
outermost capsule is the epitenon, while its individual
fascicles are contained in the endotenon. Paratenon overlies
the epitenon in regions where no sheaths exist. All of these
encapsulating structures are composed of connective tissue
and providemost of the tendon’s blood, nerve, and lymphatic
supply.5,6

Macroscopically, a tendon should be conceptualized in
thirds, each with different features and blood supply: the
proximal myotendinous junction (MTJ), the distal osteoten-
dinous junction (OTJ), and the central third or belly. The MTJ
consists of tendinous collagen fibrils interfacing with myo-
cyte processes and is most vulnerable to injury by tear. A
tendon attaches to bone at the OTJ, which is segmented into
four zones: dense connective tissue, uncalcified fibrocarti-
lage, calcified fibrocartilage, and bone.7 Vascularization to
each third varies by tendon type. The OTJ and MTJ are largely
supplied by an intrinsic system, with periosteal vessels and
vessels from the muscle extending into the tendon fibrils.
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Abstract Tendon stores, releases, anddissipates energy toefficiently transmit contractile forces from
muscle to bone. Tendon injury is exceedingly common, with the spectrum ranging from
chronic tendinopathy to acute tendon rupture. Tendon generally develops according to
three main steps: collagen fibrillogenesis, linear growth, and lateral growth. In the setting
of injury, it also repairs and regenerates in three overlapping steps (inflammation,
proliferation, and remodeling) with tendon-specific durations. Acute injury to the flexor
and extensor tendons of the hand are of particular clinical importance to plastic surgeons,
with tendon-specific treatment guided by the general principle of minimum protective
immobilization followed by hand therapy to overcome potential adhesions. Thorough
knowledge of the underlying biomechanical principles of tendon healing is required to
provide optimal care to patients presenting with tendon injury.

published online
July 15, 2021

Issue Theme Healing, Inflammation,
and Fibrosis; Guest Editor: Joshua
Vorstenbosch, MD, PhD, FRCSC

© 2021. Thieme. All rights reserved.
Thieme Medical Publishers, Inc.,
333 Seventh Avenue, 18th Floor,
New York, NY 10001, USA

DOI https://doi.org/
10.1055/s-0041-1731632.
ISSN 1535-2188.

211

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

Published online: 2021-07-15

mailto:johnny.ionut.efanov@umontreal.ca
https://doi.org/10.1055/s-0041-1731632
https://doi.org/10.1055/s-0041-1731632


The extrinsic system supplies blood through the paratenon
or through the synovial sheath via vincula, which are con-
nective tissue bands bridging tendon to bone and containing
tiny blood vessels.8

Muscular, cutaneous, and peritendinous nerve trunks
innervate tendon, though few nerve fibers actually enter
tendon proper, instead terminating on its surface as nerve
endings.8 Golgi tendon bodies are myelinated fiber nerve
endings functioning as mechanoreceptors capable of detect-
ing changes in tension or pressure—stretch receptors. They
occur most frequently at the MTJ.9 Unmyelinated parasym-
pathetic and sympathetic nerve fiber endings function as
nociceptors capable of transmitting and sensing pain.10

Three to seven vincula supply each flexor tendon (flexor
digitorum superficialis [FDS] and flexor digitorumprofundus
[FDP]) in the human hand.11 There are two triangular fibrous
bands called vincula brevia in eachfinger, one connecting the
FDS tendon to the proximal interphalangeal joint/P1 head
and one connecting the FDP tendon to the distal interpha-
langeal (DIP) joint/P2 head. There are two longer and more
slender bands in each finger called vincula longa, one con-
necting the FDS tendon to the base of P1 and one connecting
the FDP and FDS tendons distal to Camper’s chiasm.11

Tension, friction, and compression can compromise tendon
vascularity, which also decreases with age.12

Both flexor and extensor tendon lacerations are described
by anatomical location. Anatomically, flexor tendon injuries
can be classified by affected zone, with zones labeled one to
five, distal to proximal. Zone 1 extends from FDP insertion to
FDS insertion—FDP avulsion injuries, also known as jersey
finger, in this zone are described using the Leddy–Packer
classification.13,14 Zone 2 spans the FDS insertion to the A1
pulley. Zone 3 is from the distal palmar crease to the carpal
tunnel. The carpal tunnel constitutes Zone 4, while Zone 5
spans thewrist to the forearm. Extensor injuries are similarly
categorized by affected zone, ranging from Zone 1 at the DIP,
the disruption of which causes mallet fingers, to Zone 9
encompassing most of the upper forearm.15

Epidemiology of Tendon Injury

The dramatic increase in tendon injuries in recent decades is
attributable in large part to a population-level shift toward
active living. Interestingly, despite being the strongest ten-
don in the human body, the Achilles tendon is injured more
frequently than any other, succumbing to tensional forces
created by repetitivemovements in strenuous sporting activi-
ty.16 Of particular interest to plastic surgeons, hand injuries
represent up to 20% of all injuries treated in emergency
departments,with55and93%ofpatients, respectively, treated
for short-superficial or short-deephand lacerations experienc-
ing concomitant tendon injury. For reference, tendinous hand
injury was found to be 23 times more common than scaphoid
fractures.6,17

A higher propensity for tendinous hand injury has been
reported in men as comparedwith women—a finding largely
attributed to gender-related activities.17–19 A higher inci-
dence of extensor tendon injuries (as compared with flexor

tendon injuries) and of injuries to the index finger has been
reported compared with other digits.17 Importantly, flexor
tendon injury occurs most frequently in Zone 2 with the
profundus tendon to the small finger identified as the most
common flexor tendon injured.17,20

Development and Structure of Healthy
Tendon

While tissue-specific checkpoints govern fibrillogenesis
throughout the body, tendon generally develops according to
threemain steps: (1) tendon collagenfibrillogenesis, (2) linear
growth, and (3) lateral growth.1,21,22 The first step consists of
immature fibril formation by extracellular assembly of colla-
gen molecules. In the second step, the fibril intermediates
attach end-to-end and attain mechanical/lengthwise maturi-
ty. Large diameter fibrils spawn in the third step as a result of
side-to-side attachment of multiple long fibrils.22 Though
tendon in its mature form is approximately 70% collagen I,
other regulatory molecules are essential as they underpin
tissue-specific fibrillogenesis. For example, it is known from
animal models that prominent expression of collagen III may
be related to smaller fibril diameter and suppressed lateral
growth of collagen I. The opposite is thought to be true about
dermatan sulfate or chondroitin proteoglycan side chains,
which are thought to be associated with larger diameter
fibrils.23–25

Acute and Chronic Changes in Tendon Injury

While extreme exercise, concomitant loading, aging, and
oxidative stress are recognized as physical and biological
factors that engender tendinopathy, the exact pathogenesis
of tendinopathy is poorly defined. For years, the accepted
model of tendinopathy was one of tendinitis, or inflamma-
tion. More recent histopathological studies have identified
tendinosis (chronic degeneration), as the culprit in most
cases of tendinopathy.26–30 It is responsible for the symp-
toms of pain, decreased strength, and impairment in activi-
ties of daily living commonly attributed to tendinitis. The
affected region in tendinosis exhibits structural and cellular
changes relative to unaffected tissue.While healthy tendon is
characterized by parallel, wavy, clearly defined bundles of
collagen, diseased tissue is recognizable by its lack of align-
ment or demarcation between neighboring bundles and its
increased diameter.31 On a cellular level, tendinosis is char-
acterized by neovascularization, hypercellularity, and atypi-
cal fibroblast proliferation.32 Tenocytes capable of producing
collagen change shape, with their nuclei exhibiting signs of
fibrocartilaginous metaplasia.33,34 Biomechanically, tendi-
nosis predisposes tendon to rupture.4

Similar features have been observed in senescent tendon.
Aging decreases tenoblast volume and plasmalemmal sur-
face density, increases the nucleus-to-cytoplasm ratio, and
suppresses protein synthesis.1 Collectively, these features
contribute to decreased collagen turnover, characterized
by thicker collagen fibers with greater variability in fiber
diameter. The activity of lysol oxidase, an enzyme essential
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for collagen production, decreases, which in turn increases
nonreducible collagen cross-linking.1,35 Biomechanically,
this impedes capacity to withstand loading and increases
stiffness.1

In the setting of acute intrasynovial flexor tendon injury,
disruption of the tissue surrounding the lacerated tendon
compound the severity of injury. Leakage of synovial fluid
from within the digital sheath causes tendon starvation,
slowing the repair process. This occurs through absolute
synovial fluid loss, but also through disruption of the pres-
sure distribution crucial to the process of imbibition by
which tendon gets most of its nutrients.36 It follows logically
that injury to the tendon blood supply itself also hinders
tendon healing in the acute setting. Importantly, as surgical
apposition of the two ends of an injured tendon remains the
gold standard for tendon injury treatment, one must be
mindful to limit intraoperative trauma, which is additive
to the severity of the original injury.

A common nontraumatic pathology of hand tendons is
proliferative extensor tenosynovitis of the wrist, a condition
well-documented in patients diagnosed with rheumatoid
arthritis. It is characterized by pain and limited range of
motion localizing to the fourth extensor compartment and
can lead to tendon rupture.37 In the context of rheumatoid
arthritis, the proliferation is due to synovial tissue hypertro-
phy, inflammation, and fluid production. Histologically, the
pathology infiltrates the tendon proper and exhibits fibri-
nous adhesions, a feature also observed in tendon healing
from acute or chronic traumatic injury.37

Repair and Regeneration

Similar to fibrillogenesis, tendon regeneration can be dis-
tilled down to three overlapping steps: (1) inflammation, (2)
proliferation, and (3) remodeling.1 The inflammatory stage
lasts approximately 48 hours and consists of erythrocyte,
leukocyte, endothelial chemoattractant, and platelet infiltra-
tion. At this point, the role of macrophages is to consume the
necrotic tissue. The proliferative stage is characterized by
macrophage and tenocyte-directed synthesis of new, less
durable collagen III, the predominant tendon tissue. The
tenocytes in this second stage primarily proliferate in the
epitenon. The proliferative phase occurs for a period of 7 to
21 days. The third stagebeginsmonths after the initial injury,
can last longer than 12 months, and involves extracellular
matrix alignment and collagen I synthesis replacing the
collagen III. Collagen fibers undergomaturation and reorient
themselves parallel to the direction of mechanical stress.
However, the regenerated tissue has a scar-like appearance
and is biomechanically inferior to the original healthy
tendon.38–40

The three phases of tendon healing occur through a
combination of extrinsic and intrinsic mechanisms.36 The
extrinsic mechanism involves inflammatory cells and fibro-
blasts infiltrating from surrounding tissue, whereas in the
intrinsic mechanism, these cells originate from the tendon
and epitenon. The extrinsicmechanismpredominates earlier
in the healing process while the intrinsic mechanism can be

delayed, sometimes for days. This difference is attributable to
the synovium’s enhanced inflammatory and proliferative
capacity as comparedwith the tendon proper.36 Importantly,
extrinsic-predominant healing is associated with larger ten-
don diameter, increased collagen disorganization, and con-
sequently a propensity to adhere to peritendinous tissue
(tendon adhesions). On the other hand, intrinsic healing
constitutes the basis uponwhich early active range ofmotion
protocols are made possible. Thus, through a mix of meticu-
lous surgical technique and early rehabilitation, treatment
teams seek to activate the intrinsic pathway rather than the
extrinsic pathway. In practice, the goal of treatment is to
identify the minimum amount of motion to avoid scarring
and tethering to nearby tissue while avoiding jeopardizing
the repair site.

From a surgical repair standpoint, it is generally accepted
that repair strength is proportionate to the number of
strands spanning the repair site, with traditional repair
techniques including Tajima and Kessler (two sutures across
the repair site) becoming less popular in favor of techniques
with four to eight strands across the repair site and a running
epitenon stitch.1 While there is controversy on the use of
braided sutures over monofilament in certain repairs such as
rotator cuff repairs, monofilament is preferred in the flexor
tendons of the hand as it generates less friction and tendon
deformity than braided sutures.41–44

Other factors that affect tenorrhaphy strength include
suture caliber, position (“locked” vs. “grasping”), material,
and degree of gap formation across the apposition site.45

While surgeons largely opt for 3–0 over 4–0 suture in tendon
repair due to its tensile strength, this preference comes at the
cost of a more traumatic repair process that may further
delay healing.45 Further, while locked sutures confer the
added benefit of better mechanical load distribution (as
compared with grasping sutures), the position of the knot
relative to the repair sitehas been shown to have little impact
on repair strength.45 Knots external to the repair site may
interfere with adjacent structures while knots on the repair
site increase the overall diameter of the repair.45 Regardless,
it is important to note that circumferential sutures have
proven to be mainly useful as additive—for orientation
purposes—to core tendon suture.

Practical Approach for Surgeons

For surgeons to achieve an optimal tendon repair, an appro-
priate balance between durable tendon repair against exces-
sive adhesion formation must be achieved. Careful selection
of the appropriate repair technique and timely rehabilitation
has the potential to significantly improve treatment
outcomes.

As mentioned previously, tendon repair strength is de-
rived from the number of strands crossing the repair site and
from the suture caliber.46 Further, locked and epitendinous
sutures provide more biomechanical leverage. In flexor
tendon injury repair, the A2 and A4 pulleys can be vented
to ease gliding across the system—this has been associated
with better functional recovery.47 Due to the fact that
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prolonged tendon immobilization has been associated with
significant repair strength, but increased risk of adhesion
formation, pyramidal rehabilitation protocols, whereby
range of motion exercises with progressive loading are
incorporated to limit adhesion formation, are gaining
traction.47

When tendon repair rehabilitation protocols across inju-
ries to all zones were compared, no significant difference
between active and passive movement protocols was found.
Duran protocols, involving controlled passive motion,
resulted in the fewest postoperative tendon ruptures
(2.3%).48 Another study found passive range of motion pro-
tocols to be associated with fewer tendon ruptures, but
greater decrease in range of motion as compared with active
motion protocols.49 The most appropriate postoperative
rehabilitation program remains a controversial subject,
and each protocol should be personalized based on the
type of injury characteristics, surgical technique, and post-
operative patient compliance.

Conclusion

Tendon injury is an exceedingly common presentation to
emergency departments, making it one of the conditions
most frequently treated by plastic surgeons. Factors such as
age, mechanism of injury, time to repair, and physical exam
findings play critical roles in determining the optimal meth-
od of management and postoperative rehabilitation. Hand
surgeon familiarity with the subtleties of tendon healing is
thus essential to ensure favorable long-term outcomes.

Conflict of Interest
None declared.

References
1 Voleti PB, Buckley MR, Soslowsky LJ. Tendon healing: repair and

regeneration. Annu Rev Biomed Eng 2012;14:47–71
2 Hawkins D, Bey M. A comprehensive approach for studying

muscle-tendon mechanics. J Biomech Eng 1994;116(01):51–55
3 James R, Kesturu G, Balian G, Chhabra AB. Tendon: biology,

biomechanics, repair, growth factors, and evolving treatment
options. J Hand Surg Am 2008;33(01):102–112

4 Kannus P, Józsa L. Histopathological changes preceding sponta-
neous rupture of a tendon. A controlled study of 891 patients. J
Bone Joint Surg Am 1991;73(10):1507–1525

5 Benjamin M, Kaiser E, Milz S. Structure-function relationships in
tendons: a review. J Anat 2008;212(03):211–228

6 Van Tassel DC, Owens BD, Wolf JM. Incidence estimates and
demographics of scaphoid fracture in the U.S. population. J
Hand Surg Am 2010;35(08):1242–1245

7 Benjamin M, Ralphs JR. Fibrocartilage in tendons and ligaments–
an adaptation to compressive load. J Anat 1998;193(Pt 4):481–494

8 Sharma P, Maffulli N. Biology of tendon injury: healing, modeling
and remodeling. J Musculoskelet Neuronal Interact 2006;6(02):
181–190

9 Lephart SM, Pincivero DM, Giraldo JL, Fu FH. The role of proprio-
ception in themanagement and rehabilitation of athletic injuries.
Am J Sports Med 1997;25(01):130–137

10 Barr ML. The Human Nervous System: An Anatomical Viewpoint.
Baltimore, Maryland: Harper & Row; 1974

11 Armenta E, Lehrman A. The vincula to the flexor tendons of the
hand. J Hand Surg Am 1980;5(02):127–134

12 Carr AJ, Norris SH. The blood supply of the calcaneal tendon. J
Bone Joint Surg Br 1989;71(01):100–101

13 Athwal GS, Wolfe SW. Treatment of acute flexor tendon injury:
zones III-V. Hand Clin 2005;21(02):181–186

14 BaltzerHL,MoranSL. FlexorDigitorumProfundusAvulsion Injuries.
In: Sports Injuries of theHandandWrist. SwitzerlandAG: Springer;
2019:15–34

15 Newport ML, Blair WF, Steyers CM Jr. Long-term results of
extensor tendon repair. J Hand Surg Am 1990;15(06):961–966

16 Järvinen TA, Kannus P, Maffulli N, Khan KM. Achilles tendon
disorders: etiology and epidemiology. Foot Ankle Clin 2005;
10(02):255–266

17 de Jong JP, Nguyen JT, Sonnema AJ, Nguyen EC, Amadio PC, Moran
SL. The incidence of acute traumatic tendon injuries in the hand
and wrist: a 10-year population-based study. Clin Orthop Surg
2014;6(02):196–202

18 Hill C, RiazM,MozzamA, BrennenM. A regional audit of hand and
wrist injuries: a study of 4873 injuries. J Hand Surg Am 1998;
23(02):196–200

19 Campbell AS. Hand injuries at leisure. J Hand Surg [Br] 1985
10(03):300–302

20 Rosberg HE, Carlsson KS, Höjgård S, Lindgren B, Lundborg G,
Dahlin LB. What determines the costs of repair and rehabilitation
of flexor tendon injuries in zone II? Amultiple regression analysis
of data from southern Sweden. J Hand Surg [Br] 2003;28(02):
106–112

21 Zhang G, Young BB, Ezura Y, et al. Development of tendon
structure and function: regulation of collagen fibrillogenesis. J
Musculoskelet Neuronal Interact 2005;5(01):5–21

22 Banos CC, Thomas AH, Kuo CK. Collagen fibrillogenesis in tendon
development: current models and regulation of fibril assembly.
Birth Defects Res C Embryo Today 2008;84(03):228–244

23 Birk DE, Mayne R. Localization of collagen types I, III and V during
tendon development. Changes in collagen types I and III are
correlated with changes in fibril diameter. Eur J Cell Biol 1997;
72(04):352–361

24 Ameye L, Young MF. Mice deficient in small leucine-rich proteo-
glycans: novel in vivo models for osteoporosis, osteoarthritis,
Ehlers-Danlos syndrome, muscular dystrophy, and corneal dis-
eases. Glycobiology 2002;12(09):107R–116R

25 Corsi A, Xu T, Chen XD, et al. Phenotypic effects of biglycan
deficiency are linked to collagen fibril abnormalities, are syner-
gized by decorin deficiency, and mimic Ehlers-Danlos-like
changes in bone and other connective tissues. J Bone Miner Res
2002;17(07):1180–1189

26 KhanKM, Cook JL, Kannus P,Maffulli N, Bonar S. Time to abandon the
“tendinitis” myth: painful, overuse tendon conditions have a non-
inflammatory pathology. BMJ. 2002 Mar 16;324(7338):626–627

27 Bass E. Tendinopathy:Why the difference betweenTendinitis and
Tendinosis matters. Int J Ther Massage Bodywork 2012;05(01):
14–17

28 Khan KM, Cook JL, Taunton JE, Bonar F. Overuse tendinosis, not
tendinitis part 1: a new paradigm for a difficult clinical problem.
Phys Sportsmed 2000;28(05):38–48

29 Boyer MI, Hastings H II. Lateral tennis elbow: “Is there any science
out there?” J Shoulder Elbow Surg 1999;8(05):481–491

30 Bass E. Tendinopathy: why the difference between tendinitis and
tendinosis matters. Int J Ther Massage Bodywork 2012;5(01):
14–17

31 Khan KM, Bonar F, Desmond PM, et al; Victorian Institute of Sport
Tendon Study Group. Patellar tendinosis (jumper’s knee): find-
ings at histopathologic examination, US, and MR imaging. Radi-
ology 1996;200(03):821–827

32 Warden SJ. Animal models for the study of tendinopathy. Br J
Sports Med 2007;41(04):232–240

Seminars in Plastic Surgery Vol. 35 No. 3/2021 © 2021. Thieme. All rights reserved.

Tendon: Principles of Healing and Repair Chartier et al.214

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



33 Khan KM, Cook JL, Bonar F, Harcourt P, ÅstromM. Histopathology
of common tendinopathies. Update and implications for clinical
management. Sports Med 1999;27(06):393–408

34 Cook JL, Feller JA, Bonar SF, Khan KM. Abnormal tenocyte mor-
phology is more prevalent than collagen disruption in asymp-
tomatic athletes’ patellar tendons. J Orthop Res 2004;22(02):
334–338

35 Shadwick RE. Elastic energy storage in tendons: mechanical
differences related to function and age. J Appl Physiol (1985)
1990;68(03):1033–1040

36 Beredjiklian PK. Biologic aspects of flexor tendon laceration and
repair. J Bone Joint Surg Am 2003;85(03):539–550

37 Cooper HJ, Shevchuk MM, Li X, Yang SS. Proliferative extensor
tenosynovitis of thewrist in the absence of rheumatoid arthritis. J
Hand Surg Am 2009;34(10):1827–1831

38 Gelberman RH, Steinberg D, Amiel D, Akeson W. Fibroblast
chemotaxis after tendon repair. J Hand Surg Am 1991;16(04):
686–693

39 Massimino ML, Rapizzi E, Cantini M, et al. ED2þ macrophages
increase selectively myoblast proliferation in muscle cultures.
Biochem Biophys Res Commun 1997;235(03):754–759

40 LeadbetterWB. Cell-matrix response in tendon injury. Clin Sports
Med 1992;11(03):533–578

41 Loutzenheiser TD, Harryman DT II, Ziegler DW, Yung SW. Opti-
mizing arthroscopic knots using braided or monofilament suture.
Arthroscopy 1998;14(01):57–65

42 Abbi G, Espinoza L, Odell T, Mahar A, Pedowitz R. Evaluation of 5
knots and 2 suture materials for arthroscopic rotator cuff repair:
very strong sutures can still slip. Arthroscopy 2006;22(01):38–43

43 De Carli A, Vadalà A, Monaco E, Labianca L, Zanzotto E, Ferretti A.
Effect of cyclic loading on new polyblend suture coupled with
different anchors. Am J Sports Med 2005;33(02):214–219

44 Singer G, Ebramzadeh E, Jones NF, Meals R. Use of the Taguchi
method for biomechanical comparison of flexor-tendon-repair
techniques to allow immediate active flexion. A new method of
analysis and optimization of technique to improve the quality of
the repair. J Bone Joint Surg Am 1998;80(10):1498–1506

45 Wolfe SW, Pederson WC, Kozin SH, Cohen MS. Green's Operative
Hand Surgery. Vol. 2. 7th ed. Philadelphia: Elsevier/Churchill
Livingstone

46 Jordan MC, Schmitt V, Jansen H, Meffert RH, Hoelscher-Doht S.
Biomechanical analysis of the modified Kessler, Lahey, Adelaide,
and Becker sutures for flexor tendon repair. J Hand Surg Am 2015;
40(09):1812–1817

47 Chung K. Operative Techniques in Plastic Surgery. Philadelphia,
United States: Lippincott Williams & Wilkins; 2018

48 Chesney A, Chauhan A, Kattan A, Farrokhyar F, Thoma A. System-
atic review of flexor tendon rehabilitation protocols in zone II of
the hand. Plast Reconstr Surg 2011;127(04):1583–1592

49 Starr HM, Snoddy M, Hammond KE, Seiler JG III. Flexor tendon
repair rehabilitation protocols: a systematic review. J Hand Surg
Am 2013;38(09):1712–7.e1, 14

Seminars in Plastic Surgery Vol. 35 No. 3/2021 © 2021. Thieme. All rights reserved.

Tendon: Principles of Healing and Repair Chartier et al. 215

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


