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Where Are We Now?

A
chieving rapid (less than 6

weeks), near-normal tensile

strength with minimal or no

adhesions is considered the ‘‘holy

grail’’ of tendon healing among hand

surgeons. Why? With conventional

repair techniques, the tendon generally

needs at least 6 weeks to heal and regain

its tensile properties for unrestricted

activity, and this process is always

accompanied by the formation of adhe-

sions between the tendon and the

surrounding structures (particularly

within the flexor sheaths). Because of

this, managing injured flexor tendons

remains an unsolved challenge. In the

current study, Gelberman and colleagues

attempt to accelerate tendon healing by

avoiding the inflammatory process and

its byproducts, namely adhesions.

Generally, hand surgeons attempt to

prevent adhesions through early

mobilization. But we must also rec-

ognize that inflammation is the

essential trigger and coordinator to the

entire healing process, and macro-

phages play a key role in initiating this

process [2]. Although modulation of

inflammation is an attractive prospect,

it may create a ripple effect later in the

healing process, resulting in poor ten-

sile strength in the repaired tendon.

New approaches have emerged [4, 5,

7], which can be divided into three

broad categories: (1) Mechanical

strategies, (2) biological manipulation

of adhesions, and (3) tissue engineering.

Mechanical Strategies

The mechanical approach involves

achieving strong repairs that can

withstand early or immediate mobi-

lization. Recently, we have seen an

evolution in repairing tendons with an

increased number of core sutures (six

strand repairs) [7], and the develop-

ment of strong suture materials with

high tensile strength. Although such

materials themselves may withstand

high degrees of longitudinal forces

(that is, less breakage), such materials

may cut through the tendon substance,

with similar or higher likelihood of

pull-out, resulting in failure [4].

Biological Manipulations

The goal of the biological approach is

to prevent adhesions without adversely

CORR Insights
Published online: 15 June 2017

� The Association of Bone and Joint Surgeons1 2017

This CORR Insights1 is a commentary on the

article ‘‘Combined Administration of ASCs

and BMP-12 Promotes an M2 Macrophage

Phenotype and Enhances Tendon Healing’’ by

Gelberman and colleagues available at: DOI:

10.1007/s11999-017-5369-7.

The author certifies that neither he, nor any

members of his immediate family, have any

commercial associations (such as

consultancies, stock ownership, equity

interest, patent/licensing arrangements, etc)

that might pose a conflict of interest in

connection with the submitted article.

All ICMJE Conflict of Interest Forms for

authors and Clinical Orthopaedics and

Related Research1 editors and board

members are on file with the publication and

can be viewed on request.

The opinions expressed are those of the

writers, and do not reflect the opinion or

policy of CORR1 or The Association of Bone

and Joint Surgeons1.

This CORR Insights1 comment refers to the

article available at DOI: 10.1007/s11999-017-

5369-7.

A. Lahiri MBBS, FRCS, FAMS (&)

Department of Hand & Reconstructive

Microsurgery, National University

Hospital, 1E Kent Ridge Rd., Singapore

119228, Singapore

e-mail: amitabha_lahiri@nuhs.edu.sg

123

Clin Orthop Relat Res (2017) 475:2332–2334 / DOI 10.1007/s11999-017-5411-9

Clinical Orthopaedics
and Related Research®

A Publication of  The Association of Bone and Joint Surgeons®

http://dx.doi.org/10.1007/s11999-017-5369-7
http://dx.doi.org/10.1007/s11999-017-5369-7
http://dx.doi.org/10.1007/s11999-017-5369-7
http://dx.doi.org/10.1007/s11999-017-5369-7
http://dx.doi.org/10.1007/s11999-017-5369-7
http://dx.doi.org/10.1007/s11999-017-5369-7
http://dx.doi.org/10.1007/s11999-017-5369-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-017-5411-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-017-5411-9&amp;domain=pdf


affecting healing or the ultimate

strength. Topical 5-fluorouracil can

reduce adhesions and improve func-

tional outcomes live-animal models [5,

6]. We have seen immediate

improvement in gliding properties of

repaired tendons in cadaveric or ex-

vivo models with various tribologic

(lubricating) agents such as hyaluronic

acid. These observations may not

translate into similar benefits in vivo,

as they do not take into account agent

dispersal from the site and the ongoing

process of adhesion formation [1, 9].

Tissue Engineering

The third approach, tissue engineering,

involves the use scaffolds that support

cellular colonization, in combination

with growth factors and pluripotent

stem cells that hasten the process of

healing [10, 12]. Although most of

these approaches are in experimental

stages, tissue engineering may provide

an alternate route to achieving func-

tional healing while bypassing the

inflammatory process.

The study by Gelberman and col-

leagues principally employed the

tissue engineering approach.

Where Do We Need To Go?

A number of studies involving bio-

molecule delivery have shown

improved cellularity or fibroblastic

proliferation with bFGF, VEGF,

PDGF, TGFb, and stem cells in early

phases of healing [3]. However, to my

knowledge, none have demonstrated

early attainment of tensile strength.

In order to restore structural conti-

nuity and tensile strength of the

tendon, and ultimately return to func-

tion, hand surgeons should move away

from using sutures to hold the tissue

together until the body fills the gap

with scars (tendon healing), and

instead move towards in-vivo tendon

engineering, where the use of bioma-

terials and cellular elements provide

the opportunity to rapidly ‘‘construct’’

new tendon tissue at the site of injury

without going through the entire pro-

cess of scar formation.

Current research in tissue engi-

neering is focused on building

scaffolds, such as electrospun poly-

lactic acid and polyglycolic acid.

Researchers are attempting to create

highly-aligned surfaces that can

receive stem-cells or tenocytes so as to

create a living bridge while bypassing

the normal healing process and the

time required for fibroblastic prolifer-

ation and migration [8, 11, 12].

However, the function of the tendon

relies on the strength of this bridge,

and not its cellular characteristics. Can

the scaffold withstand the functional

demands generated during active

motion and grip? The scaffold itself

may have high tensile strength, but its

anchorage to the tendon again relies on

conventional sutures. Future experi-

mental studies should simultaneously

address the issues of tensile-strength of

the scaffolds and the reliability of the

tendon-scaffold interfaces these would,

provide the necessary conditions for

achieving immediate motion.

How Do We Get There?

In order to gain immediate return to

activity after a tendon injury,

researchers investigating tissue engi-

neering must first consider examining

strong biomaterials that have the

characteristics to receive cellular ele-

ments while inducing minimal

inflammatory response. Additionally,

research in this area should consider

the tendon-scaffold interface, focusing

on the development of surface features

such as nano-anchors, which provide a

high degree of anchorage at the fibril

level, as opposed to sutures, whose

strength relies entirely on the tendon

substance itself.

Research on manipulation of the

biological process of healing, like the

current study, is key to the ultimate

goal of rapid tendon healing. The

research in this area should be aimed

towards detailed and precise mapping

of quantitative and temporal fluctua-

tion of the numerous biomolecular
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agents that lead to the highly-regulated

inflammatory, proliferative, and

remodeling phases of tendon healing.

Based on this understanding, advanced

in-vivo delivery systems should be

designed to deliver biomolecules or

cells in a phasic manner, with the aim

to either hasten or leapfrog one or

more steps in the complex healing

process.

Beyond tissue engineering, gene-de-

livery and controlled regeneration of adult

tissue are the next frontier in improving

the healing of injured flexor tendons.

References
1. Akasaka T, Nishida J, Araki S, Shi-

mamura T, Amadio PC, An KN.
Hyaluronic acid diminishes the
resistance to excursion after flexor
tendon repair: an in vitro biome-
chanical study. J Biomech.
2005;38:503–507.

2. Blomgran P, Blomgran R, Ernerudh
J, Aspenberg P. A possible link
between loading, inflammation and
healing: Immune cell populations
during tendon healing in the rat. Sci
Rep. 2016;6:29824.

3. Docheva D, Muller SA, Majewski
M, Evans CH. Biologics for tendon
repair. Adv Drug Deliv Rev.
2015;84:222–239.

4. Gan AW, Neo PY, He M, Yam AK,
Chong AK, Tay SC. A biomechani-
cal comparison of 3 loop suture
materials in a 6-strand flexor tendon
repair technique. J Hand Surg Am.
2012;37:1830–1834.

5. Guo M, Zhang J, Tian D. An effect
of 5-fluorouracil on tendon adhesion
formation after flexor tendon repair
in chickens [in Chinese]. Zhongguo
Xiu Fu Chong Jian Wai Ke Za Zhi.
2007;21:842–846.

6. Guo M, Zhang J, Tian D, Zhang Y,
Peng X, Wang Z, Wu J, Duan Y,
Dou Z, Wang C. Effects of 5-fluo-
rouracil on tendon adhesion
formation after flexor tendon repair.
[in Chinese]. Zhongguo Xiu Fu
Chong Jian Wai Ke Za Zhi
2008;22:794–796.

7. Hoffmann GL, Buchler U, Vogelin
E. Clinical results of flexor tendon
repair in zone II using a six-strand
double-loop technique compared
with a two-strand technique. J Hand
Surg Eur. 2008;33:418–423.

8. Lomas AJ, Ryan CN, Sorushanova
A, Shologu N, Sideri AI, Tsioli V,

Fthenakis GC, Tzora A, Skoufos I,
Quinlan LR, O’Laighin G, Mullen
AM, Kelly JL, Kearns S, Biggs M,
Pandit A, Zeugolis DI. The past,
present and future in scaffold-based
tendon treatments. Adv Drug Deliv
Rev. 2015;84:257–277.

9. McGonagle L, Jones MD, Dowson
D, Theobald PS. The bio-tribological
properties of anti-adhesive agents
commonly used during tendon
repair. J Orthop Res. 2012;30:775–
780.

10. Testa S, Costantini M, Fornetti E,
Bernardini S, Trombetta M, Seliktar
D, Cannata S, Rainer A, Gargioli
C. Combination of biochemical and
mechanical cues for tendon tissue
engineering. J Cell Mol Med.
[Published online ahead of print
May 4, 2017]. DOI: 10.1111/
jcmm.1318.

11. Walden G, Liao X, Donell S, Rax-
worthy MJ, Riley GP, Saeed A. A
clinical, biological, and biomaterials
perspective into tendon injuries and
regeneration. Tissue Eng Part B Rev.
2017;23:44–58.

12. Yang Y, Leong KW. Nanoscale
surfacing for regenerative medicine.
Wiley Interdiscip Rev Nanomed
Nanobiotechnol. 2010;2:478–495.

123

2334 Lahiri Clinical Orthopaedics and Related Research1

CORR Insights

http://dx.doi.org/10.1111/jcmm.1318
http://dx.doi.org/10.1111/jcmm.1318

	CORR Insightsreg: Combined Administration of ASCs and BMP-12 Promotes an M2 Macrophage Phenotype and Enhances Tendon Healing
	Where Are We Now?
	Mechanical Strategies
	Biological Manipulations
	Tissue Engineering

	Where Do We Need To Go?
	How Do We Get There?
	References




