i
'r,'":i/. aead
S

S
<

Role of Platelets Rich Plasma (PRP) on
the Outcome of Zone Il Flexor Tendon

Repair and Proximal Interphalangeal
Joint (PIPJ) Range of Motion

Thesis

Submiitied For Partial Fulfillment of Master
Degiree iim Plastic, Burm amnd Maxillofacial Surgeiry

By
Ayman Gamal Abdelmongy Elsayed
MsBsB»CHlz Facuwllity of Medlicime, Aim Shams Universiiy

Supeirvised by
Prof. Dr. Amr Magdy Sayed Mahmoud

Professor of Plasticy, Buirm amd Maxilllofacial Suirgeiry
Facullity of Medicime, Aim Shams Universiiy

Prof. Dr. Neven Mahmoud Taha Fouda

Proffessor off Physical Medlicime, Rheumaiology amd
Rehabiilitaitiom
Faculity off Medicime, Aim Shams Universiiy

Prof. Dr. Ahmad Fathi El Sherif

Professor of Plastic, Buirm amd Maxilllofacial Suirgeiry
Facullity of Medicime, Aim Shams Universiiy

Assist. Prof. Dr. Ahmed Mohamed Gad

Assistani Professor oif Plasiic, Burm and Maxillofacial

swirgery
Facullity of Medicime, Aim Shams Universiiy

Facuwllty of Medlicime
Aiim Shams Universiiy
2020






Acknowledgment

Fiirst amd foremost, I feel always indebied ito
ALIAH, ¢the Most Kimd and Mosit Meirciiful,

I'd liike to express my respeciful thamks and
profound gratitude to Prof. Dr. Amr Magdy Sayed

Mahmoud, Professor of Plastic, Burm and Maxillofacial
Surgery Facullty of Medlicime, Aiim Sihams Universiity for his
keem guidamce, kimd supervisiom, valuable advice amd
continuous emncouragemeni, wihich made possible ithe
complletiom of this woirlks

I amn also delighted to express my deepesit graititude
and thamks to Prof. Dr. Neven Mahmoud Taha

Fouda, Professor of Physical Medicine, Rheumatology

and Rehabilitatiom Faculty of Medicime, Aim Shams
Universiityy, for her Kkimd care, comitinmuous supeirvisiom,
valuable imstructions, constant hellp amd great assistamce
throughowi tihis woirlks

I am deeply thamkiful to Prof. Dr. Ahmad Fathi El

Sherif, Professor of Plastic, Burm and Maxillofacial

Suirgery Faculity of Medlicime, Aim Shams Universiity, for
lnis gireat help, active participationm amnd guidamce.

I wisih to imtroduce my deep respecit amd thamks to
Assist. Prof. Dr. Ahmed Mohamed Gad, Assistami

Professor of Plastic, Burm amnd Maxillofacial surgeiry
Facullity of Medicime, Aim Shams Umniversiity, for his
kimdness, supervision amd coopeiration im this woirlks

Ayman Gamal



List of Contents

Title Page No.
List Off T@BIES ......................ccoeoeeiieiieie e i
List Off FIQUIFES ...................cccoooeiiieeiie e ifif
List of ABBIreViaioms .........................ccccovevviveiiiiiiieiie e, i
INEro@UICHIOM.......................c.oo e 1
Aiiinm off Ee WOI ...................ccooeiieee e 3
Reviiew of Literatwire
Anatomy of the Flexor Temdoms........................c............. 4
Flexor Temdom RePIr.........................cccoevvveivireiieeiieinnnn, 12
Biology of Temdom Repaiir amd Temdom Healliing ........ 1o
Relhabilitatiom After IFlexor Temdom Imjuiry ............... 23
Platelet=Rich Plasma (PRIP) ................cccccoovvvvviiveiinnnn, 28
Patiemits amd Methodls..........................ccoccovviiiiiiiiiiie e, 39
RESWIIES ... 47
DISCUISSITOM..................c.cocveeiiiiiiiiiie et 55
SWIMANGICY ............ooveeeeeeeiieiiee e e e e e e s e e e e e e e s s e abraaareeeas 61
Conclusion amd Recommemndations ........................................ 63
Refeir@MEES.................c.oooiiiiiie e 64

Arabic Suimmairy ==




List of Tables

Table No. Title Page No.

Table (1): Effect of growin factors im platelets ................. 30

Table (2): Buck = Gramclko Il criteria for evaluaitiom
of overall swrgical owicome of ihe
operated fimgerss...................c...ccccoeeveviiiiii i, 44

Tablle (3): Comparisom between group I (study
group) amnd grouwp Il (conirol giroup)
accorrding to demographic datas......................... 48

Tablle (4): Comparison betweem Group I (study group) and Group Il (coi

Tablle (5): Comparisom between group I (study
group) amnd group Il (conirol group)
accordimg to Buclk=Gramlko criteria at 6
MI@EISs ............eeeeeee et 50

Tablle (6): Comparisom between group I (study
group) amnd group Il (conirol giroup)
accordiimg to Buclk=Gramlko criteria at 12
MI@EISS ............eeeeieeeeeeie et 51



Fig. No.

Figure (1):
Figure (2):
Figure (3)s:
Figure (4):
Figuire (5):
Figuire (6):
Figure (7):
Figuire (8):
Figuire (©):
Figuire (10):
Figuire (i)
Figuire (12):

Figuire (13)s

Figuire (14):
Figuire (15)2

Figuire (16):

Figuire (17)2

Figuire (18)s
Figuire (19)2

List of Figures

Title Page No.

The relatiom betweem FDP amd FDS ................. 5
Fimger pullley system....................c...cc.ccooeevivennnnnnn, 7
Pullley sysitemn of thuimb ....................................... 7
Zones of IFlexor temdomn imjuries ........................ 8
Sub=divisioms of zome l........................................ ©
Blood supply of boitn IFDP and IFDS ................ 10
Two=sttrand repair techmigues.......................... 13
Kubota multi=strands repaiir............................. 14
MelLarmey’s four=sitrand cruciate repaiir.......... 14
Peripheral Sutuires...................cc..cccocoeevvveeviineennnn. 15
Posi-operative immobilizatioms ........................ 24
Modliffiied! Kleimeiri rehabillitatiom

PIFOGIF@IM ................ceeveeeeeiiiiiiiieereee e e s e iirrrreeeeeeea e 26
Himged dorsal blockimg splimt typicailly

used im early active mobilizatiomn

PROROCOIS......................c.ovvveeeiiiieeeiiiee e 27
A sample of wvemous blood was

anticoagulated im a citrated tubes................. a2

Three layers were obtaimed after the
fiirst cemtrifugatiom spims................................... 42

Sofit bellei of plateleits appeared affiter
the second spim them homogenized wiritin

lowerr thiird of Plasm@e...................c.....c....ccu...n. 42
PRP im 22 gauge needle syrimge jusi
perior to imjectiom.................................cc....cu..... 43

Free maill distal palm crease distamces.......... 45

Toial exiemsiom deficii measurememni
usiimg 180 degrees goniomeier



List of Figures cont..
Fig. No. Title Page No.

Figure (20): Comparison between Group I (study group) amnd Growp Il

Figure (21): Bar chari betweem groups with amd
without PRP injectiom accordimng o
Buck=Gramlko criteria at 6 weelks, ................. 51

Figure (22): Bar chart between groups with and without PRP imjecitiom
Figure (23): Toital extension deficit of 25 years olld male patiemt wiith c
Figure (24): Acitive ramge of moiiom of 25 years old male patiemi wiitih
Figure (25): Total extemsiom deficii of 30 years old male patiemt wiith c
Figure (26): Active ramge of motion of 30 years old male patiemi wiith



List of Abbreviations

Abb. Full tferm

ACD Aciid ciitrate dexitrose

ADSCS o00000000000 Adlipose derived sitem cellls
AP. Anteroposterior

BIFGIF ssss00ss00ssssBasiic fibroblast growiin facitor
biMP. Bome morphogenetic proteims
BIMISCS s00000000000Bone mairrow stem cellls

DiP Distal imterphalangeal

DiPJ Distal imterphalamgeal joiimi
[ECM s000000000000ssExitira=cellular maiirix

EGF Endothelial growin facitor
ERIK. Extracelllular=regulated kinase
IFAIK. IFocal adihesiom Kinase

FDP Flexor Digitorum Profumdus
FDS [Fllexoir Digitorum Supeirficialis
FPIL [Fllexoir polllicis lomgus

HGIF Hepaitocyie growih facitor

IGIF=1 sss00ssscssssclimsuilliim lilke gm'@m‘h facior
ILGIF s000000s000sssslimsulliim ke g"r@m‘ﬁ' facior

P, Interphalangeal

L=PRIF ss000ssss0ssslLeuicocyite= and platelet=ricih fibirim
L=PRIP sessssssesssslLeuicocyie= and PRIP

IMCP s00000000000000 Meitacarpophalamgeal

IMCPJ so0000ss000ssMetacarpal phalamgeal joimi

PDGIF ss0000ss00ssss Plaitelet=derived growihn factor

[ 4 Proximal imterphalamgeal
PiIPJ Proximal imterphalamgeal joiimi




List of Abbreviations cont...

Abb. Full term

P=PRIF s00e000eecccePuire plaitelet=rich fibirimn
P=PRPssscsssssssssPuire Plaitelei=Ricih Plasma

PRP Platellet=ricih plasma

ROM o0000000000000eRamge off moitiom

SCX. Sclleraxis

TGF Tramsformimg growih facitor

TSCSsssssssssssssss Temdon siem/] |oir @gl@mlﬁii'@lr cellls
VIEEGIF ss00000000s000 Vascullar emdoitinelial gJir owih factor
WiBCSosssesssssssss Winiite blood cellls



Introduction £

INTRODUCTION

Zone Il flexor tendon repair remains a surgical challenge
£ A due to the complex anatomy in the region. In this zone,
both the flexor digitorum profundus and flexor digitorum
superficialis must glide within a synovial sheath through a
series of fibro-osseous pulleys. Normal motion of the proximal
interphalangeal joint requires bony support, intact articular
surfaces, unimpeded tendon gliding, and uncompromised
integrity of the collateral ligaments and volar plate. Deficiency
in one of these structural requirements can lead to loss of finger
joint motion and decreased hand function. Obstacle in gliding,
including scar formation or excess surgical knots can
negatively affect a patient’s postoperative function. Early active
and passive motion has been shown to improve healing and
reduce adhesions (Hatanaka et al., 2000; Boyer et al., 2001;
Chesney et al., 2011).

However, overly strenuous early mobility puts the repair
at risk of rupture, which usually occurs within the first 3 weeks
(Nunley, 2006; Thomopoulos et al., 2010).

The published causes of failure of the repair including
postoperative  adhesions and  stiffness among  other
complications are still a concern. They will continue to pose a
challenge for scientists performing research into the mechanics
and biology of flexor tendon repairs, especially in zone I1.




Introduction £

Platelet-rich plasma (PRP) contains many of the growth
factors thought to be important in tendon healing, including
PDGF, IGF-1, TGF-B, VEGF, bFGF, and EGF (Hsu and
Chang, 2004; Alsousou et al., 2009).

PRP is appealing for clinical application as an
inexpensive source of growth factors. Being autologous, there
Is no concern for immunologic response. PRP is already widely
used in orthopedics for treatment of musculoskeletal injuries
and is sought to decrease inflammation of the tendons and
hence decrease the risk of adhesions (Alsousou et al., 2009).

Clinical applications for PRP include rotator cuff repair,
Achilles tendon repair, Achilles tendinopathy, and lateral
epicondylitis; however, the efficacy of PRP is controversial
(Barber et al., 2011; Chahal et al., 2012).
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AIM OF THE WORK

The Aim is to study the effect of combination of PRP
injection with physiotherapy on gliding and range of
motion improvement after flexor tendon zone Il injury.
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Chapter 1
ANATOMY OF THE FLEXOR TENDONS

The flexor tendon system of the hand consists of the long
I flexor muscles originating from the forearm, their
tendinous extensions, and the specialized digital flexor sheaths.
These components work in harmony to produce smooth and
efficient flexion of the digits of the hand (De Maeseneer et al.,
2015).

Fingers flexors:

The long flexor tendons of the fingers involve the Flexor
Digitorum Superficialis (FDS), Flexor Digitorum Profundus
(FDP) and Flexor pollicis longus (FPL).After exiting from the
carpal tunnel and passing deep to the neurovascular structures
in the proximal palm, the FDP tendon lies deep to the FDS
tendon for each finger and each continues toward the fibrous
flexor sheath for its respective finger. The FPL tendon exit
from the carpal tunnel and runs through the thenar musculature
toward its own fibrous flexor sheath, inserting into the base of
the distal phalanx (Torrie et al., 2010).

As the FDS enters the fibrous flexor sheath on the palmer
aspect of the proximal phalanx, it splits encircling the FDP
tendon and re- joins deep to it forming the Camper’s chiasm
(Figure 1) then inserts by separate slips into the middle
phalanx. The FDP tendon runs through the fibrous flexor sheath
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nitially deep to the FDS, then superficial distal to Camper’s
chiasm and finally as the single tendon distal to the FDS
insertion to be inserted into the base of the distal phalanx
(Goggins et al., 2014).

Cadaveric studies in Japan estimate that it is totally
absent in 2% of individuals (Stein et al., 1990), and a similar
result of 2% was also reported in a clinical trial in Ireland by
Thompson in 2002.

Camper’s
chiasma

Figure (1): The relation between FDP and FDS (Lippincott Williams and
Wilkins, 2011).

Flexor pulley system:

The flexor tendon pulleys are fibrous tissue
condensations, which almost encircle the flexor tendons
forming a fibro- osseous channel that functions to keep the
tendons adjacent to the phalanges.

The function of the annular pulley is to allow smooth
gliding of the tendon and prevent bowstringing, while the
cruciate pulleys prevent sheath collapse and expansion during
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digital motion. It facilitates approximation of annular pulley
during flexion (figure 2).

Five annular and three cruciate pulleys have been
identified in each of the fingers. The first annular pulley (Al) is
at the level of the metacarpal phalangeal joint (MCPJ). The
majority of the fibers (2/3) arise from the palmar plate; the
remainder (1/3) arises from the proximal portion of the
proximal phalanx.

The second annular pulley (A2) is located over the
proximal portion of the proximal phalanx, and the third (A3) is
at the level of the proximal interphalangeal joint (PIPJ) and
attaches to its palmar plate.

The first cruciate pulley (C1) is located between A2 and
A3 over the distal portion of the proximal phalanx.

The fourth annular pulley (A4) is at the midportion of the
middle phalanx. The second cruciate pulley (C2) is between A3
and A4, overlying the proximal portion of the middle phalanx.

The fifth annular pulley (A5) is located over the distal
interphalangeal joint (DIPJ) and is attached to its palmar plate.
The third cruciate pulley (C3) is located between A4 and A5 at
the distal end of the middle phalanx (Doyle, 1988; Doyle, 1989;
Doyle, 2001).




