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Abstract

Purpose: the aim of this study was to describe and
compare the clinical results obtained in patients affec-
ted by chondral lesions of the knee submitted to an
arthroscopic treatment with the microfracture techni-
que or microfracture + intraoperative autologous pla-
telet-rich plasma (PRP) injection.

Methods: a prospective observational study was pet-
formed in patients affected by chondral lesions of the
knee (classed as grade 1II-IV according to Outer-
bridge’s classification) and early osteoarthritis (classed
as grade 1-2 according to the Kellgren-Lawrence clas-
sification). Their mean age was 52.4 years. Thirteen
patients were treated with the microfracture technique
according to Steadman (Group A), while 14 were trea-
ted with microfracture + PRP injection (Group B).
Both groups were assessed using series of measures (a
visual analog scale for pain, the 36-Item Short Form
Health Survey and the International Knee Docu-
mentation Committee Subjective Knee Form) to com-
pare pre-operative and postoperative values at 3, 6, 12
and 24 months. Statistical analysis was conducted
using a two-factor ANOVA for repeated measures.
Results: the VAS score decreased from a pre-operati-
ve value of 6.62+1.26 to 3.54 £2.26 at 24 months in
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Group A (p<0.001), and from 6.43+1.91 to 3.36£2.84
in Group B (p<0.001). The IKDC subjective score
increased from a pre-operative value of 37.02+12.00
to 62.13£19.00 at two years in Group A (p<0.001)
and from 34.63%£15.00 to 67.11£26.74 in Group B
(p<0.001); the SF-36 scores showed a similar trend.
Although an improvement was recorded over time in
both groups, in the short term the IKDC subjective
score improvement seemed to be better in Group B; a
similar trend was shown by the SF-36 and VAS scores.
At two years, the IKDC Subjective Scale, VAS and SF-
36 scores seemed to be similar in the two groups.
Over time, no significant differences were found bet-
ween the two groups in any of the three outcomes.
Conclusions: the use of autologous PRP in associa-
tion with the microfracture technique seems to give
better clinical and functional results in short-term fol-
low-up, above all as regards pain. At two-year follow-
up, however, the clinical results of the two groups
were similar.

Level of evidence: Level 1I, prospective cohort
study.

Keywords: knee, cartilage, chondral lesions, micro-
fracture, platelet-rich plasma (PRP).

Introduction

In orthopaedic practice, knee cartilage lesions are
mainly diagnosed as a cause of pain and reduced joint
function during daily activities and sports, usually in
quite young subjects. Over the past two decades, many
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surgical techniques based on tissue engineering and bio-
materials have been developed, and these have influen-
ced the therapeutic algorithm for the treatment of car-
tilage disease. Today, surgical treatment options such as
marrow stimulation techniques (e.g. the microfracture
technique proposed by Steadman in 1997) are valid
treatments for symptomatic focal articular cartilage
defects (1, 2). Microfracture remains a first-line treat-
ment option, whose advantages are minimal invasive-
ness, a single step, technical simplicity, low morbidity,
and cost effectiveness. The technique involves perfora-
ting the subchondral bone plate, so as to allow cells
from the bone marrow to repopulate defects, filling
them with repair tissue (3). Histological and animal
model studies have shown that the repair tissue obtai-
ned, called fibrocartilage, contains both type I and type
II collagen (4). Its biomechanical and biological proper-
ties are inferior to those of normal articular cartilage,
but it works as a filler of cartilage lesions that is able to
resolve pain and restore joint function. These proper-
ties and the beneficial effects of this surgery have been
variously debated in the literature over the years.
Platelet-rich plasma (PRP), used for the first time in
maxillofacial surgery in 1998, has been, and continues
to be, widely studied for its action on tissue regenera-
tion and repair processes; it NOW occupies a Very pro-
minent place in medical practice and has different
areas of application (5). It consists of platelets (PLTs)
concentrated in a small volume of plasma that, once
activated, degranulate, releasing bioactive factors
(growth factors, GFs). These include platelet-derived
growth factor (PDGF), transforming growth factor-b
(TGF-b), platelet-derived epidermal growth factor
(PEDGF), vascular endothelial growth factor
(VEGFE), insulin-like growth factor 1 (IGF-1), fibro-
blastic growth factor (FGF), and epidermal growth
factor (EGF), each with a specific action at tissue
level, playing a key role in chemotaxis, cell prolifera-
tion and inflammatory response modulation.

The definition and characterization of PRP is widely
debated, with different methods of preparation resul-
ting in differences in its PLT concentration and in the
GFs it contains. For this reason, data on its efficacy
are poorly comparable.

In wvitro investigations show that PRP enhances
mesenchymal stem cell proliferation and chondroge-
nic differentiation (0). I vivo investigations in an ani-
mal model (ovine) show that repeated injections of

PRP enhance the repair response after microfracture
treatment, resulting in repair tissue with better macro-
scopic and histological features (7).

The aim of this study was to desctibe the clinical
results of application of the microfracture technique
in patients affected by chondral lesions of the knee
and to evaluate whether combining intraoperative
autologous PRP injection with microfracture impro-
ves the treatment outcomes. The hypothesis of the
study was that PRP can improve the outcome of
microfracture in the arthroscopic treatment of chon-
dral lesions of the knee.

Methods

A prospective, observational study was carried out to
evaluate the effectiveness of an arthroscopic treat-
ment of chondral lesions of the knee (the microfrac-
ture marrow stimulation technique) compared with
the same treatment administered in association with
autologous PRP injection. Between 2011 and 2013, 27
patients affected by chondral lesions of the knee (all
grade III-IV according to Outerbridge’s classification)
and early osteoarthritis (OA) (grade I-II according to
the Kellgren-Lawrence classification) were enrolled.
They had a mean age of 52.4 years and were followed
up for a minimum of two years. Exclusion criteria
were: major axial deviation (varus or valgus deformity
>5 degrees), severe OA, hematological diseases
(coagulopathies), body mass index >30, lesion size >4
cm?, age >60 years, Hb <11.5 g/dL, PLT count
<100,000/uL, tumors, infection, crystal arthropathies.
The patients were divided into two groups: 13 patients
(Group A) underwent arthroscopic microfracture and
14 patients (Group B) underwent arthroscopic micro-
fracture and intrarticular injection of PRP (previously
activated with Ca gluconate), the latter performed at
the end of the arthroscopic procedure.

PRP preparation

Platelet-rich plasma (PRP), produced by the service of
immunohemathology and transfusion medicine, was
prepared using triple bags (Blood Bag, Terumo;
Penpol Ltd, Trivandrum, India) and 150-200 ml of
autologous whole blood. The units of blood were
fractionated to obtain: a) red blood cell concentrate
(RBC); b) a hyperconentrate of PLTs suspended in
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10-15 ml of plasma (PRP); c) platelet-poor plasma
(PPP). The fractionation process consisted of an ini-
tial centrifugation of the bag at 462 x g for 10 minutes
at 22°C in a centrifuge (Cryofuge 6000i; Hereaus
Instruments AHSI Spa, Massa Martana, Italy) to sepa-
rate out the red blood cells; this was followed by a
second centrifugation at 3932 x g for 6 minutes at
22°C to obtain a PLT concentrate and PPP (platelet-
poor plasma). The PLTs were finally collected as a
“hyperconcentrate” in 10-15 ml of plasma at 0.3-1.5
X 10° PLTs. The PRP thus obtained was divided into
two aliquots of 6-8 ml each and stored at <40°C for
12 months; one of these aliquots was for use, the
other to be kept in reserve. To preserve its sterility, the
PRP was activated with Ca gluconate (1:10-15) imme-
diately before its intrarticular injection at the end of
the arthroscopic procedure in the operating room.

Surgical technique

After arthroscopic diagnostic evaluation, a microfrac-
ture procedure according to Steadman’s technique was
performed by the same surgeon. All the unstable carti-
lage was removed and the cartilage lesion was prepared
with debridement of the subchondral bone. After
measuring the length and width of the lesion using a
probe, its area was calculated in centimeters squared.
Angled awls were used to make holes perpendicularly
through the subchondral bone; these were 2-4 mm
deep and were placed 3-4 mm apart. The arthroscopic
inflow was closed and bleeding from the holes was
verified (Fig. 1). In the group treated with PRP (Group

Fig 1. Steadman’s microfracture (Group A).

Fig 2. PRP injection at the end of arthroscopic treatment (Group B).

B), at the end of the microfracture procedure, in a dry
conditions, 6-8 ml of Ca gluconate-activated PRP was
injected into the joint, around the site of the lesion
under arthroscopic view (Fig. 2). All the patients follo-
wed the same post-operative rehabilitation program,
using crutches and avoiding weight bearing for 4
weeks, after which full weight bearing was gradually
introduced. A physiotherapy program consisting of
isometric exercises and active closed-chain exercises
was started during the hospitalization and continued
after discharge.

Outcome measurements

Clinical and functional outcome was assessed preope-
ratively and post-operatively at 3, 6, 12 and 24 months
using the International Knee Documentation
Committee (IKDC) Subjective Knee Form, and a
patient-administered visual analog scale (VAS) to grade
knee pain. The 36-Item Short Form Health Survey
(SF-36) was used to assess health status over time.

Data analysis

All continuous data were expressed as means and
standard deviations of the mean. The Shapiro-Wilks
test was used to evaluate the normality of distribu-
tions of variables. A two-factor analysis of variance
(ANOVA) for repeated measures, after logarithmic
transformation of variables in the event of non-not-
mality of data, was performed to assess differences
between groups. Time effect, group effect and time by
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group interaction were investigated. P-values less than
0.05 were taken as statistically significant. A test of
within-subjects effects was carried out with p<0.05
indicating the presence of a significant difference bet-
ween repeated measurements. If “group by factor
interaction” showed p<0.05, the difference between

measurements depended on group membership; p-
values greater than 0.05 indicated no significant diffe-
rence in the comparison of the measurements over
time between the two different treatment groups.

Statistical analysis was carried out using SAS System
version 9.4 (SAS, Cary, NC, USA) and Med Calc stati-
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Fig 3. Distribution of VAS scores over time.

Table 1. Mean values with standard deviation of VAS, IKDC, SF-36 in both groups.

stical software version 13.3.1 (MedCalc
Software bvba, Ostend, Belgium).

Results

No major adverse events were descti-
bed after surgery. The clinical results of
both groups at each follow-up are
shown in Table 1.

In both groups, significant improve-
ments were observed over time
(p<0.001) in the VAS (Fig. 3), IKDC
Subjective Scale (Fig. 4) and SF-36
(Fig. 5) scores, while no significant dif-
ference was observed on the compari-
son between the two groups in any of
the three tests over time (p>0.05).

VARIABLES GROUP A GROUP B P-value for Time P-value for Group x
Time interaction

VAS

PRE-OP 6.6211.26 6.4311.91

3 MONTHS 4.46%0.52 3.5042.35

6 MONTHS 3.00£1.63 2.43+1.22 p < 0.001 p = 0.469

12 MONTHS 3.00£1.53 1.79£0.89

24 MONTHS 3.54%2.26 3.3612.84

IKDC

PRE-OP 37.02£12.00 34.63£15.00

3 MONTHS 37.40£10.83 47.01£16.31

6 MONTHS 58.05£11.90 60.60£8.99 p < 0.001 p = 0.457

12 MONTHS 62.58%9.60 72.10£5.93

24 MONTHS 62.13£19.00 67.11£26.74

SF-36

PRE-OP 48.07£15.00 54.72%15.42

3 MONTHS 48.35+17.77 47.44%8.60

6 MONTHS 68.71£15.92 64.11£12.60 p < 0.001 p = 0.346

12 MONTHS 72.84£15.00 76.23%8.30

24 MONTHS 66.13£22.00 70.32118.43
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Discussion

Several studies published in the literature have shown
a significant improvement of clinical results in a high
percentage of patients treated with microfracture (70-
90%), especially in the performance of daily activities,
but also in sports, with the best results obtained in the
first two years after treatment (8, 9).

Other studies with longer follow-ups showed that after
this time point there was a worsening of the results in

terms of knee joint function, due to a lack of fibrocar-
tilage tissue coverage of chondral lesions after treat-
ment; they attributed the failure to poor execution of
the technique (10, 11). More recently the compatison
between bone marrow stimulation and other chondral
regeneration techniques, such as autologous chondrocy-
te implantation (ACI), has shown comparable results
between the two techniques after two years, but better
clinical results in the group treated with second-genera-
tion ACI (12, 13). Solheim et al,, in a long-term evalua-

tion of the results of microfracture treatment
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(at 10-14 years), noted a worsening of the cli-
nical outcome in 46% of patients (14). Bae et
al. reported a decline in clinical improvement
and a rate of “‘survival of microfractures” that
declined from 89% at 5 years, to 68% at 10
years and 46% at 12 years (15). Even though
the literature lacks objective criteria allowing
standardization, and therefore better compati-
son, of the use of PRP in cartilage lesions,
several studies seem to have shown the clinical
efficacy of this approach in the short term,
especially with regard to pain. In an z vivo ani-
mal model, Descalzi et al. postulated a potent
antinociceptive activity of PRP related to
endocannabinoid receptor activation in a
mouse model of acute inflammatory pain (16).

Fig 4. Distribution of IKDC scale scores over time.

Pereira et al, in an i vitro study on primary
human articular chondrocytes cultured under
inflammatory conditions [comparable to those
found in OA (+ IL-1 alpha)], initially showed
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a transient proinflammatory effect and then a
drastic reduction of the expression of COX-2
and NB-kb activity, promoting resolution of
the inflammatory process (17, 18).

In humans, the clinical efficacy of PRP in
early OA has been variously studied. Kon
et al. noted a short-term efficacy in redu-
cing pain and improving both knee func-
tion and quality of life (19). A prospective,
randomized, double-blind study evaluating
the clinical efficacy of PRP in early OA
compared to placebo (saline) noted, despite
a general deterioration of the results after
six months, better results, in terms of the
effects on pain, stiffness and knee function,
in patients treated with PRP (20).

A single study in the literature comparing

Fig 5. Distribution of SF-36 scores over time.

microfracture alone with microfracture +
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PRP noted, contrary to our results, an improvement at
two years in the group treated with (non-activated)
PRP, and also an important effect on pain in the short
term and macroscopic evidence of better quality
cover tissue in arthroscopic second looks (21). These
results, however, were not validated by histological
investigation.

Analyzing our results, the subjects in Group B see-
med to show a greater reduction of pain, resulting in
improved joint function compared to Group A at the
one-year follow-up. Over time, however, both groups
showed a significant improvement of clinical outco-
mes compared to their preoperative conditions, and at
two years their results were found to be similar. Thus,
the efficacy of the microfracture technique as docu-
mented in our study appears to be totally in line with
the current literature; indeed, microfracture, irrespec-
tive of whether it was associated with PRP use, pro-
duced a clinical improvement in terms of pain, knee
function and general health, and this improvement
was statistically significant over time (p<<0.001).

This study has several limitations, such as the small
number of patients included, the short follow-up
period, and the absence of second-look arthroscopies
and histological analysis of the repair tissue. Despite
these limitations, it confirmed that microfracture is a
good option for relieving the symptoms of chondral
lesions, and indicated that clinical outcomes are not
affected by PRP injection. Further investigations
including histological compatison and enrolling a
greater number of patients could give us more definite
answers regarding the possible effect of PRP injection
on the well verified technique of microfracture.
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