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Abstract: Introduction: Although more than 100
operative procedures have been described for the treat-
ment of patellar instability, there is no single univer-
sally successful procedure. For the most patients with
lateral patellar instability medial patellofemoral liga-
ment (MPFL) reefing is recommended. When we per-
form MPFL reefing we are not aware of the quality and
strength of the MPFL tissue. In the presence of recur-
rent patellar instability, the quality and strength of
MPFL tissue is often compromised and it disturbs pa-
tellar stability after MPFL reefing. Biomedicine devel-
opment, recognizing the ligament healing process
show us that autologous blood products, particularly
PRP can enhance healing in soft tissue injuries.

Purpose: The purpose of this study was to deter-
mine the potential effect of Plasma preparation rich in
growth factors on patellar stability after MPFL reefing.

Material and methods: Plasma preparation rich
in growth factors was produced from a unit of autolo-
gous whole blood using Arthrex ACP double syringe
system.Platelet gel was prepared by adding bovine
thrombin and 10% solution of calcium chloride.The
platelet gel was applied locally into the place where su-
turing of the MPFL was performed. In this prospective,
randomized and double blind study12 patients were in-
cluded:6 patients in the PG group who received plate-
let gel and 6 patients in the control group who were not
treated with platelet gel. Patellar stability was evalua-
ted before surgery and 3 months after surgery with Ax-
ial stress radiographs.

Results: The calculated 3 month improvement was
12.67 ± 2.51 in the control group and 17.33 ± 1.52 in
the PG group, (p = 0.064). Although there was greater
improvement in patellar stability in PG group compar-
ing to the control group, the difference was not statisti-
cally significant (p > 0.05). The main reason for this
was probably the small number of patients included in
the study.

Conclusion: Results showed that growth factors
from the plasma preparation rich in growth factors ha-
ve positive effect on patellar stability after MPFL reef-
ing.We believe that they stimulate and accelerate phys-
iological healing and reparative tissue processes in li-
gament healing. More studies should be made, including
more patients, if we want to get more relevant results.

Keywords: patellar instability, medial patellofemo-
ral ligament reefing, plasma preparation rich in growth
factors, clinical results.

INTRODUCTION

Patellar instability is a complex problem for ort-
hopedic surgery especially when a specific operative
treatment should be chosen. Although more than 100
operative procedures have been described for the treat-
ment of patellar instability, there is no single univer-
sally successful procedure. The multifactorial etiology
is probably the main reason for those treatment dilem-
mas. For the patients with patellar instability who have
normal tibial tubercle-trochlear groove (TT-TG) dis-
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tance, normal patellar height and no marked trochlear
dysplasia, medial patellofemoral ligament (MPFL) re-
efing or reconstruction is recommended. In patients
who have increased TT-TG distance or patella alta, dis-
tal realignment procedures are used. Trochleoplasty is
rarely indicated in patients with marked trochlear
dysplasia. Because studies have shown that MPFL is
the most significant passive stabilizer of the patella (1),
and because they have shown that MPFL heals and is
elongated in majority of patellar dislocation cases (2),
most of the authors recommend reefing or reconstruc-
tion of MPFL for the treatment of patellar instability.
With MPFL reefing similar to capsulorrhaphy for treat-
ing shoulder instability, plication of the redundant tis-
sue of the elongated MPFL is done. The procedure is
performed by suturing with PDS sutures under arthro-
scopic control. The result of this procedure is MPFL
tightening and obtaining a normal position and normal
tracking of the patella.

When we perform MPFL reefing we are not aware
of the quality and strength of MPFL tissue. The MPFL
has approximately 12 N of strength and a load to failu-
re of approximately 208 N. In the presence of recurrent
traumatic lateral patellar instability, this relatively frail
structure has been torn many times over, not only in its
mid substance, but often at its attachment points (3).
So, sometimes there is a question if to repair the tissue
that has already failed many times over.

Recently, advances in biomedicine and biotech-
nology have shown the use of cell therapy, tissue engi-
neering, and autologous blood concentrates to enhance
healing in bone and soft tissue injuries (4). One of these
methods used to biologically augment healing in the fi-
elds of orthopaedic surgery and sports medicine inclu-
des the use of autologous blood products, particularly,
platelet rich plasma (PRP). Platelet rich plasma (PRP) is

a portion of plasma fraction from autologous blood with
platelet concentration above baseline (5). It is produced
from a patient’s peripheral vein and centrifuged to achi-
eve a high concentration of platelets within a small volu-
me of plasma. There are numerous protocols and com-
mercial systems for producing PRP. Traditionally, two
centrifugation steps are used to isolate the erythrocyte
fraction from the buffy coat (plasma containing plate-
lets, leukocytes, and clotting factors). The second step
separates the platelet-poor plasma from the platelet-rich
fraction. Single-step systems are also available. Once
activated, platelets begin to secrete many growth fac-
tors, chemokines, cytokines, and inflammatory media-
tors. Platelets begin to secrete these growth factors wit-
hin 10 minutes after clothing, 95% of growth factors are
secreted within 1 hour and they continue to secrete dur-
ing their life (5 to 10 days) (6). They have an influence
on many aspects of ligament healing (7) (Table 1).

During PRP production it is important to keep the
platelet activation on minimum, because secreted prote-
ins will be released earlier and they might be lost and not
transferred to the right surgical place. During centrifuga-
tion platelet activation and fragmentation can be avoided
by use of acid citrate dextrose anticoagulant and low gra-
vity forces (8). Platelet activation and platelet gel produc-
tion can be achieved by adding calcium chloride and
thrombin to PRP (9). The thrombin directly activates pla-
telets and calcium ion replenishes the calcium that was
previously bound with anticoagulant citrate dextrose.

There are a lot of studies that describe the clinical
use of PRP in orthopedic practice. Some of them describe
the effect of PRP on medial collateral ligament healing
(10), other the effect of PRP on graft healing after ACL
reconstruction (11), or donor site morbidity after ACL re-
construction with BTB graft (12). Many studies show the
use of PRP in patient with cartilage damage (13), plantar

Platelet growth

factor
Function

Transforming growth
factor � (TGF-�)

Stimulates mesenchymal cell proliferation; regulates endothelial, fibroblastic, and oste-
oblastic mitogenesis; regulates collagen synthesis and collagenase secretion;stimula-
tes endothelial chemotaxis and angiogenesis

Platelet-derived
growth factor (PDGF)

Mitogenetic for mesenchymal cells and osteoblasts; stimulates chemotaxisand mito-
genesis in fibroblast; regulates collagenase secretion and collagen synthesis; stimula-
tes macrophageand neutrophile chemotaxis

Basic fibroblast
growth factor, BFGF

Promotes growth and differentiation of chondrocytes andosteoblasts; mitogenetic for
mesenchymal cells, chondrocytes and osteoblasts

Epidermal growth
factor, EGF

Stimulates endothelial chemotaxis/angiogenesis; regulates collagena sesecretion; sti-
mulates epithelial/mesenchymal mitogenesis

Vascular endothelial
growth factor, VEGF

Increases angiogenesis and vessel permeability, stimulates mitogenesis for endothe-
lial cells

Connective tissue
growth factor, CTGF

Promotes angiogenesis, cartilage regeneration, fibrosis and platelet adhesion

Table 1. Synopsis of growth factors present in PRP by Peter AM Everts (7)



fasciitis (14), epicondylitis (15, 16, 17), jumpers’ knee
(18, 19). In current data bases we have not found studies
that describe the effect of PRP on MPFL healing after its
reefing in patients with patellar instability.

Our study was designed to determine the potential
effect of locally applied plasma preparation rich in
growth factors on patellar stability after MPFL reefing.

PATIENTS, MATERIALS

AND METHODS

Patient selection

Twelve patients between 12 and 33 years of age we-
re included in our study. They were operated on, in the
period from March 2013 to March 2014 in the University
Clinic for Orthopedic Surgery in Skopje, Macedonia. Pa-
tellar instability in all of them was diagnosed preoperati-
vely with accurate history, physical examination and ima-
ging studies. Patients with inflammatory diseases, malig-
nant diseases, diabetes mellitus, renal diseases, throm-
bocytopenia, immunological diseases, knee osteoarthritis
and previous knee surgery were excluded from the study.
Patients with patellar instability who had marked trochle-
ar dysplasia, patella alta or TT-TG distance more than 20
mm were also excluded from the study because MPFLre-
efing is not a suitable operative procedure for treating the-
se patients. Patients were divided into two groups: PG gro-
up and the control group. The PG group had 6 patients in
whom plasma prepared platelet gel was locally applied du-
ring the operative procedure (MPFL reefing). The control
group had 6 patients and they did not receive platelet gel
during the same operative procedure. Randomization was
performed with closed envelopes, with number 1 for PG
group and number 2 for control group. In all patients the
same operative procedure (MPFL reefing) was performed.
All patients were operated by the same surgeon (A. A.),
and in all of them the same rehabilitation protocol was per-
formed by the same physiotherapist. RTG evaluation was
made by an independent radiologist in a blinded fashion.
The study was prospective, randomized and double blind.

Surgical technique

The operative procedure started with routine ar-
throscopy, where inspection of the knee and assess-
ment of patellar position and patellar tracking was ma-
de. In patients with marked lateralization of the patella
MPFL reefing was performed. Skin incision 1-1.5 cm
long was made near the medial patellar border. We use
two needles: needle with free end suture and needle
with suture loop (PDS 1 suture). We inserted the free
end suture needle through the periosteum of the medial
patellar facet. The needle with suture loop was inserted
2-5 cm medially depending on the amount of reefing

desired. The free end suture was then pulled outside the
knee joint with the needle with suture loop. Three to fi-
ve sutures were placed in this way. Patellar position
was checked while tension was placed on the sutures,
and if the position was correct, the sutures were tied
with the knee in extension (Figure 1). In patients from
the PG group, platelet gel was applied in the place whe-
re the sutures were tied (Figure 2).
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Figure 1. MPFL reefing operative technique.

A: View outside knee joint; B: Arthroscopic view

inside knee joint

Figure 2. Medial patellar incision where

the platelet gel is applied



Platelet gel preparation

Platelet rich plasma was produced using Arthrex
double syringe system. For that purpose 15 ml of pati-
ent’s whole blood was drawn and centrifuged on 1500
prp for 5 minutes. When centrifugation was finished
three layers were formed: the bottom layer consisting
of red blood cells, the middle layer consisting of plate-
lets and white blood cells, and the top plasma layer.
With the other smaller syringe about 3 ml plasma with
platelets and white blood cells was then drawn from
the bigger syringe. Platelets activation and platelet gel
formation was performed by adding a solution of 1000
units of topical bovine thrombin and 1 ml of 10% calci-
um chloride to the PRP. Because we got 3 ml PRP, ac-
cording to the Marx et al. study (5), 0.5 ml of calcium
chloride/thrombin solution were mixed with 3 ml PRP
and platelet gel was prepared.

Rehabilitation

All the patients had the same rehabilitation proto-
col. Brace was used postoperatively for 6 weeks. Flexi-
on of 30 degrees was allowed after the first 2 weeks po-
stoperatively, 60 degrees flexion in the 3-rd week and
90 degrees flexion in the 4-th postoperative week. All
the patients used crutches for 4 weeks and full weight
bearing was allowed in the 4th postoperative week.
Physiotherapy was performed after 6 weeks by the sa-
me physiotherapist.

Follow up evaluation

Postoperatively, after 3 months, all patients under-
went a physical examination and Axial radiograph was
performed to determine the patellar displacement.Axi-
al view was then repeated while a medial force was ap-
plied to the patella, so stress radiographs of the patello-
femoral joint were made (Figure 3). The applied force
was kept constant with the use of a special force gauge

model FG-5005 instrument and the patellar displace-
ment was measured with the technique described by
Laurin et al. (20). Statistically mean value, standard
deviation and standard error were calculated, and using

the t-test a statistically significant difference between
PG group and control group was determined.

RESULTS

Axial radiographs and stress radiographs were
made preoperatively and 3 months postoperatively.
The difference in patellar stability between PG group
and control group measured with the technique descri-
bed by Laurin et al. was calculated (Table 2).

The calculated 3 month improvement was 12.67 ±
2.51 in the control group and 17.33 ± 1.52 in the PG
group, (p = 0.064). Although there was greater impro-
vement in patellar stability in PG group comparing to
the control group, the difference was not statistically
significant (p > 0.05). The main reason for this is prob-
ably the small number of patients included in the study.

DISCUSSION

Patellar instability is the least known (the black
hole in orthopedics) and the most problematic and con-
troversial pathology of the knee. Although there are so-
me dilemmas according to the etiology and diagnosis
of the patellar instability, the biggest dilemma arises
when the right operative treatment should be chosen.
There are some surgeons, for example, Prof. Jeffrey
Halbrecht’s, who propose that MPFL reefing is the best
procedure for treating patellar instability (21). Accord-
ing to them, MPFL reefing is indicated for the most ca-
ses of patellar instability. “It gives good clinical and ra-
diographic stability, complications are rare, it is easy to
perform, and does not cost much”, writes Prof. Hal-
brecht. Surgeons who perform MPFL reefing have a
problem because they do not know the strength and qu-
ality of the MPFL and that has large influence on
MPFL healing and postoperative patellar stability
when reefing of the MPFL is done. “Does it make sense
to repair tissue that has failed many times before?” wri-
tes prof. Schepsis (3).

Advances in biomedicine and biotechnology
show us that autologous blood products, particularly
PRP, can enhance healing in soft tissue injuries biolo-
gically. Its use in the treatment of musculoskeletal inju-
ries is described in many studies.Recognizing the liga-
ment healing process, we become aware of the impor-

112 Andonovski Alan, Nancheva Jasminka, Andonovska Biljana, Petrovska-Cvetkovska Dragana, Nanceva Andrea, Alabakovska Sonja

Figure 3. A: Axial knee radiograph;

B: Axial stress radiograph

Table 2. Difference in patellar stability between

PG group and control group (mm)

N Mean
Std.

Deviation

Std. Error

Mean

Control group 6 12.67 2.517 1.453

PG group 6 17.33 1.528 0.882



tance of platelet growth factors during this process
(22). Growth factor responses at the initial inflamma-
tory and proliferative phases of ligament healing are
critical for the filling of tissue defect with neo fibrous
tissue (23). That was the reason why we have decided
to determine the effect of plasma preparation rich in
growth factors in improving the healing process of pre-
viously damaged tissue of MPFL and in improving the
patellar stability after MPFL reefing in our study.

Arthrex double syringe system was used for produ-
cing PRP. It gives up to 3-fold increase in platelet con-
centration over baseline. Some investigators suggest
that PRP should achieve a 3 to 5-fold increase in platelet
concentration over baseline (24), although the depend-
ence of clinical benefit on platelet concentration versus
total number of platelets delivered may need further in-
vestigations (25). According to Weibrich et al. (26), dif-
ferent individuals need different platelet concentrations
to get right biological effect. We prepared platelet gel
because we needed prolonged secretion of growth fac-
tors during whole platelets life on the right surgical site.

Because stress radiographs provide the only avail-
able objective measurement of patellofemoral joint in-
stability, we have decided to use them for preoperative
and postoperative evaluation of the patellar stability
(27). Because patellar instability most often occurs in
the first 30 degrees of knee flexion we made Axial view
with 30 degrees of knee flexion with and without me-
dial force applied to the patella to get stress radio-

graphs. All the patients had lateral instability and that
is why only the lateral displacement was measured. It
was important to keep the applied force constant with
special instrument and to make right measurement ac-
cording to Laurin et al. (20).

CONCLUSION

Although there was not statistical significance (p =
0.064), the results showed that the patients from the PG
group have improved their patellar stability more than the
patients from the control group. That means that growth
factors from the platelet gel have positive effect on patel-
lar stability after MPFL reefing. We believe that they sti-
mulate and accelerate physiological healing and reparati-
ve tissue processes in ligament healing.

More studies should be made, including more pa-
tients, if we want to get more relevant statistically sig-
nificant results.

Conflict of interest

The authors declare no conflict of interest.

Abbreviations

MPFL — Medial Patellofemoral Ligament
TT-TG distance — Tibial Tubercle-Trochlear Gro-

ove distance
PRP — Platelet Rich Plasma

THE EFFECT OF PLASMA PREPARATION RICH IN GROWTH FACTORS ON PATELLAR STABILITY... 113

Sa`etak

UTICAJ PLAZMA PREPARATA BOGATOG FAKTORIMA RASTA

NA PATELARNU STABILNOST NAKON [IVENJA MEDIJALNOG

PATELOFEMORALNOG LIGAMENTA
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Uvod: I pored toga {to je opisano vi{e od 100 ope-
rativnih procedura u tretmanu patelarne nestabilnosti,
danas, jo{ uvek, ne postoji jedinstvena uspe{na univer-
zalna procedura. Za ve}inu pacijenata sa patelarnom ne-
stabilno{}u preporu~uje se {ivenje medijalnog patelofe-
moralnog ligamenata (MPFL - Medial patellofemoral li-
gament). Prilikom {ivenja medijalnog patelofemoral-
nog ligamenta mi nemamo saznanje u kvalitet i ~vrsto}u

njegovog ligamentarnog tkiva. Kod rekurentne patelar-
ne nestabilnosti kvalitet i ~vrsto}a ligamentarnog tkiva
su ~esto kompromitovane i to naru{ava patelarnu stabil-
nost nakon {ivenja medijalnog patelofemoralnog liga-
menta. Razvitak biomedicine, poznavaju}i process liga-
mentarnog zara{}ivanja, pokazuje da autologni produkt
krvi, u velikoj meri plazme koja je bogata trombocitima,
mo`e stimulisati zara{}ivanje mekotkivnih povreda.
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Cilj: Cilj ove studije je da utvrdi potencijalni uti-
caj plazma preparata bogatog faktorima rasta na pate-
larnu stabilnost nakon {ivenja medijalnog patelofemo-
ralnog ligamenta.

Materijal i metode: Plazma preparat koji je bogat
faktorima rasta, dobijamo od autologne krvi pacijenata
koriste}i Arthrex ACP double syringe system. Dodaju}i
boving (gove|i) trombin i 10% rastvor calcium hlorida
dobjamo trombocitni gel kojeg lokalno apliciramo na
mesto gde je ura|eno {ivenje medijalnog patelofemoral-
nog ligamenta. U ovoj prospektivnoj, randomiziranoj i
dvostruko slepoj studiji bilo je uklju~eno 12 pacijenata:
6 u takozvanoj PG grupi koji su dobili trombocitni gel i
6 u kontrolnoj grupi koji nisu bili tretirani gelom. Pate-
larna stabilnost bila je evaluirana pre operacije i 3 mese-
ca posle operacije sa aksijalnim stress radiografijama.

Rezultati: Prera~unato, tromese~no pobolj{a-
nje bilo je 12.67 ± 2.51 mm u kontrolnoj i 17.33 ±

1.52 mm u PG grupi. I pored toga {to smo dobili ve}e
pobolj{anje u patelarnoj stabilnosti u PG grupi u od-
nosu na kontrolnu grupu, ipak ta razlika nije bila sta-
tisti~ki signifikantna (p > 0,05). Glavni razlog za to
bio je najverovatnije mali broj pacienata uklju~enih
u studiju.

Zaklju~ak: Dobijeni rezultati pokazuju da faktori
rasta dobijeni iz plazma preparata bogatog faktorima
rasta, imaju pozitivni uticaj na patelarnu stabilnost na-
kon {ivenja medijalnog patelofemoralnog ligamenta.
Mi verujemo da oni stimuli{u ubrzavanje fiziolo{kog
zara{}ivanja i reparativne tkivne procese kod ligamen-
tarnog zara{}ivanja. Potreban je veci broj studija sa ve-
}im brojem pacijenata kako bi dobili relevantnije re-
zultate.

Klju~ne re~i: patelarna nestabilnost, {ivenje me-
dijalnog patelofemoralnog ligamenta, plazma preparat
bogat faktorima rasta, klinicki rezultati.
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