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Abstract: Purpose: The purpose of this study was to estimate the effect of platelet-rich plasma (PRP)
augmentation in microfractures of chondral lesions in elderly individuals. Methods: 29 patients with
knee osteoarthritis were enrolled in the single-blinded randomized study. The study group consisted
of 16 patients and 13 were in the control group. All surgeries were performed in the same manner.
The PRP injection was made in a dry arthroscopy directly over the microfractures. The evaluation
was performed preoperatively on the 6th, 12th, and 24th week following the surgery. WOMAC and
Lysholm questionnaires were utilized. Results: Microfracturation showed WOMAC improvement in
the PRP group (p = 0.0012) and in the control group (p = 0.0042). No statistically significant differences
between the two groups (p = 0.698) have been found. Clinical improvement was noted in the first six
weeks after which the effect lasted. In addition, Lysholm score showed no significant differences at
the end of the follow-up between both groups (p = 0.941). Conclusions: Arthroscopic microfracture
improves motor function and reduces pain in patients over 50 years old. PRP augmentation of the
procedure is safe, and can accelerate and prolong the therapeutic effect of treatment. Excellent effects
of the procedure are observed in the first six weeks, after which the improvement lasts.

Keywords: osteoarthritis; cartilage; platelet-rich plasma; cartilage regeneration; mechanical
stimulation; microfracturation

1. Introduction

Osteoarthritis [OA] is a complex process, in which degenerative changes appearing in articular
cartilage [AC], subchondral bone, or synovial membrane can lead to joint failure [1]. Hyaline cartilage
is the main component of every synovial joint; however, due to its function and structure, it has
a very limited capacity for healing [2]. Once the cartilage is damaged, the joint is predisposed to
rapid osteoarthritis changes, which lead to irreversible joint failure [2]. OA is mainly considered as
a disease of older people, as over one-third of the population over 65 years old present OA in at
least one joint [3]; however, factors such as obesity, sports, genetic factors, work, previous injuries or
socio-economic status can influence osteoarthritic changes in the joint [4,5] in younger populations.
Therefore, researchers seek methods for effective treatment at every disease stage that could decrease
disease progress and the need for total joint replacements in the end-stage disease. A range of
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conservative treatment strategies is implemented in the treatment process, including weight loss,
daily activity modulation, pharmacological or surgical treatment. Although each of these methods is
carried out in the hope of prolonging native joint survival, they are incapable of curing the cartilage
defect itself [2]. Total knee replacement is a gold standard in end-stage disease; however, every total
joint replacement procedure has its limits in regard to prostheses survival time [6]. The younger the
patient is at the time of total knee replacement, the higher risk of revision surgery is expected since a
10-year survival rate of total knee replacement reaches 81-92% [6,7]. One of the surgical procedures
widely used for treating cartilage defects is microfracture [MFx] of the subchondral bone, introduced by
R. Steadman [8]. The technique in question is relatively easy and inexpensive, while it uses body
healing capacity on the ground of clot formed in the cartilage defect. Over the years, the technique has
been improved and now steps like removing a calcified subchondral bone, creating a straight even
cartilage edges, and performing MFx as close to each other as possible [9] are considered essential.
As a result, a rough surface is created onto which a blood clot can attach [10]. The effectiveness of
MFx depends on multiple factors such as the size of the defect, age, comorbidities, or genetic factors.
Age and the size of the defect are the biggest issues influencing the final effect of the procedure.
During MFx, mesenchymal stem cells [MSC] are released from bone marrow. However, after the
age of 35, the number of available MSC decreases significantly [11], which is among the key reasons
for recommending MFx in individuals below 40 years of age [12]. Moreover, fibrocartilage which
fills the defect after MFx is shown to have inferior mechanical properties in comparison with hyaline
cartilage [13]. Nevertheless, MFx remains one of the most common procedures carried out by orthopedic
surgeons in cartilage defects on account of its simplicity, low cost, or fast recovery; however, methods of
augmentation of MFx to broaden its indications are actively sought. The effect of the treatment is the
creation of fibrous cartilage, which covers the hyaline cartilage defect. The fibrous cartilage is shown
to have inferior mechanical properties in comparison with hyaline cartilage [14,15]. Moreover, the best
therapeutic effect is reached when defects smaller than 4 cm are treated with MFx [16]. Based on
animal models, it is proposed that MFx outcomes can be enhanced by augmentation of platelet-rich
plasma [PRP] [17]. Since the early eighties, platelet mixtures have been used in medicine to improve
skin healing [18]. The interest in PRP has grown rapidly since the first publications of its usage
in maxillomandibular surgery [19,20]. Chemokines such as transforming growth factor § [TGF{],
Insulin-like growth factor-1 [IGF-1], vascular endothelial growth factor [VEGF], platelet-derived growth
factor [PDGF], and bone morphogenic protein-2,4,7 [BMP-2, BMP-4, BMP-7] are found in abundance in
PRP [21,22]. Some of the chemokines in question can stimulate the migration of stem cells and promote
chondrogenesis [23,24]. Chondrogenic and anabolic properties of TGF- and IGF-1 have been receiving
special interest [25-27]. Studies on animal models show that PRP supplementation of MFx enhances the
therapeutic effect of microfractures performed alone [17]. Moreover, PRP supplementation increases
newly created cartilage endurance [28]. It is also worth noting that septic arthritis after arthroscopic
procedures is lower than 1% [29] in comparison to total joint replacement in which the infection rate
exceeds 2% [30].

Given the above, it is no surprise that in recent years, augmentation of surgical procedures with
PRP has received the growing attention of scholars and surgeons. To date, the effects of MFx with
augmentation of PRP on animal models, as well as on human subjects, especially in the knee and
ankle joint, have been reported. To the best of our knowledge, at the moment of preparing the study,
there is a limited number of papers focusing on PRP usage in arthroscopic MFx procedures in vivo on
humans. This study was undertaken to evaluate the role of PRP during arthroscopic MFx procedure in
enhancing the clinical effect of surgical procedure, especially in an older age group. This study can
offer additional information about the possibility of enhancing minimally invasive techniques, such as
MEx, with safe and easily accessible factors such as PRP, while most of the former works have focused
on a younger population with mean age less than 50 years old [31]. Moreover, the aim of this study
was to evaluate how fast clinical improvement occurs, in contrast to most of the published papers that
concentrated on long-term effects without adequate evaluation of early clinical changes [31].
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2. Materials and Methods

The cohort consisted of patients from the outpatient clinic of District Hospital in Leczna
(Kranystawska 52 St. 21-010 Leczna, Poland) who had persistent pain in knee joints with early
osteoarthritic changes estimated in Kellgren-Lawrence 1-2. Each patient underwent prior conservative
therapy without an acceptable effect on pain and function. The study group included individuals aged
50 to 70 years. Of the group, 29 patients were included in the study group out of whom 13 were in the
control group and 16 in the study group. Females represented the majority in the study and the control
groups, i.e., 69% and 61%, respectively. In order to narrow the study, group-specific exclusion criteria
that could create biomechanical or biochemical bias were specified:

e  Previous fractures of the knee joint

e  Varus or valgus deformity of the knee joint exceeding 15 degrees
e  Lack of full range of motion of the knee joint

e  C(linically diagnosed instability of knee ligaments

e  Earlier qualification for unilateral or total knee replacement

e Diabetes

e Hematologic disorders

e  Rheumatic diseases

e  Active oncological process.

A detailed medical history was taken, and a physical examination was performed in every case.

The study was blinded for the patients, who did not know whether plain MFx or MFx with
augmentation with PRP was performed. At the selection for the study, each participant was given
a number and randomization was conducted with the use of “=rand” function in Microsoft Excel,
which enabled random selection for the control and study group.

2.1. Study and Control Group Description

A total of 29 patients were included in the study, 19 women and 10 men. No adverse effects of the
procedure were recorded in early and late follow-up. The PRP and the control group were comparable
with respect to age (63 vs. 59) and BMI (30.5 vs. 31). Of the 29 participants, only four declared history of
trauma at the onset of symptoms, 3 of whom were in the PRP group. There was a substantial difference
in the involvement of opposite extremity between both groups. In the PRP group, 37% of participants
had pain in an opposite extremity. On the contrary, over 75% of patients in the control group reported
complaints about the function of an opposite lower extremity. All individuals enrolled in the study
were provided with some form of conservative treatment prior to the surgery, including physiotherapy,
viscosupplementation, or steroid injection. The most common form of conservative treatment was
physiotherapy, attended by 75% of patients from the PRP group and 84.6% of patients from the control
group. In 25 individuals, grade IV cartilage lesions were diagnosed. The remaining four presented
grade III cartilage lesions. The entire study and the control group presented grade III or IV cartilage
lesions in the knee. The most common site of cartilage defect in the PRP group was medial femoral
condyle, whereas in the control group, it was medial tibial condyle. The medial compartment of the
knee and patella-femoral joint presented the majority of chondral lesions locations. Cartilage lesions
on lateral femoral condyle were found in 4 cases and 2 in lateral tibial condyle. Concomitant knee
lesions included meniscal tears (n = 20), which were excised during the surgery. The medial meniscus
was mostly involved in the degenerative process. 62.5% of individuals in the PRP group had medial
meniscus lesions. A comparable number of participants presented lesions of the medial meniscus in
the control group (61.5%). The results are shown in Table 1.



Appl. Sci. 2020, 10, 8312 40f 14

Table 1. Clinical and baseline characteristics.

Parameter PRP Group N =16 Control Group N =13 p-Value
Age, year (mean + SD) 63 +3.8 59 +6.8 n. s (p =0.069)
Female gender, n (%) 11 (68.7%) 8 (61.5%) n. s (p = 0.685)
BMI (mean + SD) 30.6 +2.85 31+41 n. s (p =0.763)
Duration of symptoms, months 53.2 + 66.9 78 + 81.7 n. s (p =0.539)
History of trauma, n (%) 3 (18.75%) 1(7.7%) n. s (p =0.391)
Involvement of the dominant extremity, n (%) 5 (31.25%) 6 (46.15%) n. s (p =0.411)
Opposite extremity involvement, n (%) 6 (37.5%) 10 (77%) p =0.034
Prior to surgery physiotherapy, n (%) 12 (75%) 11 (84.6%) n. s (p = 0.525)
Medial meniscus lesions, n (%) 10 (62.5%) 8 (61.5%) n. s (p = 0.958)
Lateral meniscus lesions, n (%) 5 (31.25%) 3 (23%) n. s (p =0.624)
Bilateral meniscus lesions, n (%) 3 (18.75%) 3 (23%) n. s (p =0.775)
MFC cartilage lesions grade III-IV, n (%) 11 (68.75%) 6 (46.15%) n. s (p =0219)
LFC cartilage lesions grade III-IV, n (%) 3 (18.75%) 1(7.6%) n. s (p =0.391)
MTC cartilage lesions grade III-IV, n (%) 7 (43.75%) 9 (69.2%) n. s (p =0.170)
LTC cartilage lesions grade III-IV, n (%) 2 (12.5%) 0 (0%) n. s (p =0.187)
PF] cartilage lesions grade III-IV, n (%) 8 (50%) 2 (15%) n. s (p =0.051)

2.2. Surgical Procedure

Prior to the surgery, 60 mL of peripheral blood was collected for PRP preparation using the
Arthrex Angel System™. The arthroscopy was conducted in a standard procedure with the use of
anteromedial and anterolateral incisions and 30-degree optic. Arthroscopic debridement of loose
bodies and the torn meniscus was performed; chondral defects were visualized and graded according
to Outerbridge classification [32]. After identification of chondral defect, the surface of the defect was
cleansed from the calcified subchondral bone (Figure 1), the edges of the defect were cut to create even
edges, and microfractures were done with the use of angulated awls. The depth of the microfractures
was estimated by observing the blood or fat outflow from the microfracture. After the microfractures
were created, the joint was drained from all the residing liquid. PRP was injected directly over the
cartilage defect using the dry arthroscopy technique (Figure 2). The PRP injected into the lesion was in
direct contact with exposed collagen fibers; therefore, endogenous activation of PRP and fibrin network
production started at the lesion site [33]. No suction drains were used after the surgical procedures.

Figure 1. Preparation of microfracturation zone.
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Figure 2. Microfractures in dry arthroscopy view prior to PRP injection.
2.3. Post-Operative Care

Each patient was mobilized on the first day after the surgery and full range of motion without
weight-bearing was encouraged. The patients were discharged from the hospital on the second day
after the surgery and assisted walking with crutches without full weight-bearing was encouraged for
6 weeks after the surgery. Isometric exercises were introduced from day 1 and carried out for 6 weeks.
After 6 weeks, the participants were allowed to walk with full weight-bearing without the assistance of
crutches. Follow-up was performed in an out-patient clinic after 2, 6, 12, and 24 weeks.

2.4. Data Acquisition

For reliable and standardized data collection, The Western Ontario and McMaster Universities
Osteoarthritis Index [WOMAC] 3.0 [34] in VAS [Visual Analogue Scale] version and Lysholm Knee
Scoring Scale [35] were utilized. WOMAC questionnaires were filled prior to the surgery, as well as
6, 12, and 24 weeks after the surgery. Lysholm questionnaire was filled out prior to the surgery and
after 24 weeks. Each participant has given written consent upon admission to the hospital that utilized
medical data for treatment and clinical applications. The hospital holds all the necessary approvals
and accreditations related to patient data processing in the treatment and research fields. Prior to
admission to the Orthopedics and Traumatology Department, each participant signed their consent to
the processing of personal and medical data. The study was approved by the Bioethical Committee by
Medical University in Lublin with the number of approval 200/2013/KB/V and performed in accordance
with Good Clinical Practice regulations.

2.5. Statistical Analysis

The statistical analysis was carried out using the Statistica 13.1 software. To obtain statistically
significant differences, the level of significance was set a priori at « = 0.05. Intra- and inter-group
comparisons for a series of results with distributions close to normal were carried out using ANOVA with
repeatable measurements in qualitative analysis of changes and single-factor ANOVA in quantitative
analysis. The following prerequisites for the use of ANOVA/ RM ANOVA are fulfilled [36]:

e measurability of the dependent variable on a scale of at least a range;
e normality of the variable distribution within each group;

e independence of measurements;

e  uniformity of variance in all groups;

e homogeneity of covariance of measurements in the same object;
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e  sphericity (no correlation between consecutive measurements).

To check for normality, Kolmogorov-Smirnov tests were employed. The sphericity was tested
with the Mauchly test. In the case of Lysholm results, the assumption of sphericity was fulfilled and
one-dimensional tests were used in the analysis. In the case of the analyzed WOMAC data, the Mauchly
test turned out to be significant (p < 0.05), i.e., the assumption of sphericity was violated. In this case,
ANOVA with repeated measurements could generate incorrect results. Thus, further analyses have
used the multidimensional analysis of variance, launching the Wilks’, Pillai’s, Hotelling’s, and Roy’s
multidimensional tests and the Greenhouse-Geisser and Huynh-Feldt tests, which do not require the
sphericity assumption to be fulfilled. In order to determine whether there were statistically significant
differences between the groups and within the individual groups, the significance of the difference in
variance relating to the variability between the groups and the variance within the groups was tested,
the analysis was carried out using a single-factor ANOVA. Categorical variables were compared using
the Chi-square test. When comparing the groups with regard to clinical outcomes, the null hypothesis
was the absence of a difference in the mean scores.

3. Results

All participants enrolled in the study presented with poor joint function measured in Lysholm
score. WOMAC questionnaires showed overall great pain, stiffness and poor functionality in daily
activities. Regardless of randomization preoperative WOMAC scores in the PRP group were higher
than in the control group. Average WOMAC score in the PRP group was 1352 and in the control
group—1122. Also, Lysholm scores were slightly lower in the study group 49 compared with 53 in
the control group. In both groups, a significant decrease in WOMAC score and increase in Lysholm
scores were observed. Significant improvement in WOMAC score was shown both in the PRP group
(p = 0.012) and in the control group (p = 0.042). After that time the changes in both groups in WOMAC
score were insignificant (p > 0.05). At the end of the follow-up, the mean Lysholm score ranged 77 in the
PRP group and 76 in the control group. WOMAC scores also decreased significantly postoperatively
in both control and the PRP group respectively 573 and 681. At the end of the follow-up, the clinical
improvement was shown in both PRP and the control group. WOMAC score decreased significantly
in the PRP group (p = 0.029). The control group showed a decrease in overall WOMAC score at
the end of the follow-up, however, it was not statistically significant (p = 0.099). The improvement
in Lysholm score was statistically significant in the PRP group (p = 0.000) and the control group
(p = 0.001). The results are shown in Tables 2—4 and Figures 3-7.

Table 2. Results of RM ANOVA statistical analysis.

Scale Test Control Group PRP
Wilks’, Pillai’s, Hotelln’s, Roy’s 0.014 0.004

WOMAC Total G-G, H-F 0.000 0.000

. Wilks’, Pillai’s, Hotelln’s, Roy’s 0.028 0.002

WOMAC stiffness G-G, H-F 0.012 0.000
. Wilks’, Pillai’s, Hotelln’s, Roy’s 0.016 0.004

WOMAC Function G-G, H-F 0.000 0.000
. Wilks’, Pillai’s, Hotelln’s, Roy’s 0.012 0.007

WOMAC Pain G-G, H-F 0.000 0.000

Lysholm Univariate tests 0.001 0.000
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Table 3. Results from statistical analysis of WOMAC and Lysholm score for the PRP and control group.

WOMAC Score PRP Group TOTAL

Preoperative Postoperative 6 weeks  Postoperative 12 weeks ~ Postoperative 24 weeks

Preoperative - 0.012 0.015 0.029
Postoperative 6 weeks 0.012 - 1.000 0.987
Postoperative 12 weeks 0.015 1.000 - 0.995
Postoperative 24 weeks 0.029 0.987 0.995 -

WOMAC Control Group TOTAL

Preoperative - 0.042 0.034 0.099
Postoperative 6 weeks 0.042 - 1.000 0.983
Postoperative 12 weeks 0.034 1.000 - 0.968
Postoperative 24 weeks 0.099 0.983 0.968 -

WOMAC score PRP Group STIFFNESS

Preoperative - 0.009 0.027 0.036
Postoperative 6 weeks 0.009 - 0.977 0.953
Postoperative 12 weeks 0.027 0.977 - 1.000
Postoperative 24 weeks 0.036 0.953 1.000 -

WOMAC Control Group STIFFNESS

Preoperative - 0.347 0.407 0.559
Postoperative 6 weeks 0.347 - 1.000 0.984
Postoperative 12 weeks 0.407 1.000 - 0.994
Postoperative 24 weeks 0.559 0.984 0.994 -

WOMAC score PRP Group Function

Preoperative - 0.015 0.017 0.034
Postoperative 6 weeks 0.015 - 1.000 0.990
Postoperative 12 weeks 0.017 1.000 - 0.994
Postoperative 24 weeks 0.034 0.990 0.994 -

WOMAC Control Group Function

Preoperative - 0.052 0.045 0.121
Postoperative 6 weeks 0.052 - 1.000 0.981
Postoperative 12 weeks 0.045 1.000 - 0.972
Postoperative 24 weeks 0.121 0.981 0.972 -

WOMAC score PRP Group Pain

Preoperative - 0.012 0.018 0.029
Postoperative 6 weeks 0.012 - 0.999 0.988
Postoperative 12 weeks 0.018 0.999 - 0.998
Postoperative 24 weeks 0.029 0.988 0.998 -

WOMAC Control Group Pain

Preoperative - 0.015 0.008 0.033
Postoperative 6 weeks 0.015 - 0.995 0.989
Postoperative 12 weeks 0.008 0.995 - 0.947
Postoperative 24 weeks 0.033 0.989 0.947 -

Lysholm score PRP Group

Preoperative - - - 0.000

Postoperative 24 weeks 0.000 - - -
Lysholm score Control Group

Preoperative - - - 0.001

Postoperative 24 weeks 0.001 - - -
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Table 4. Comparison of results in PRP and the control group.

Parameter PRP Group Control Group p-Value
WOMAC Total mean (+SD)

Preoperative 1354.2 (£627.3)  1122.6 (£542.9) n.s(p=0.327)
Postoperative 6 weeks 602.6 (+£604.9) 487.8 (£574.6) n. s (p = 0.625)
Postoperative 12 weeks 626.4 (+686.5) 467.7 (£581.1) n. s (p =0.534)
Postoperative 24 weeks 681.8 (+731.3) 573.5 (£665.3) n. s (p = 0.698)

WOMAC Pain mean (+SD)

Preoperative 268.6 (+133.5) 307.1 (x£129.7) n. s (p = 0.463)
Postoperative 6 weeks 116.2 (+£120.1) 127.5 (£145.1) n. s (p = 0.828)
Postoperative 12 weeks 122.5 (£139.7) 114.1 (£137.7) n. s (p =0.878)
Postoperative 24 weeks 131.6 (+147.2) 145.3 (+167.1) n. s (p = 0.825)

WOMAC Stiffness mean (+SD)

Preoperative 110.2 (£61.2) 71.5 (£38.4) n. s (p = 0.070)
Postoperative 6 weeks 41.8 (+49.3) 39.5 (+47.7) n. s (p = 0.903)
Postoperative 12 weeks 50.3 (£59.2) 41.5 (£51.6) n. s (p = 0.692)
Postoperative 24 weeks 52.7 (+£64.0) 46.4 (+55.8) n. s (p =0.793)

WOMAC Function mean (+5SD)

Preoperative 975.4 (+449.2) 744.0 (£397.2) n. s (p=0.178)
Postoperative 6 weeks 444.6 (+£449.2) 320.8 (+387.9) n. s (p = 0.462)
Postoperative 12 weeks 453.6 (+495.9) 312.1 (+£397.4) n. s (p = 0.435)
Postoperative 24 weeks 497.4 (£530.4) 381.8 (+444.9) n. s (p = 0.556)

Lysholm. mean (+SD)

Preoperative 49.25 (+12.86) 53.08 (+11.06) n. s (p =0.427)

Postoperative 24 weeks 77.06 (£17.01) 76.54 (+18.93) n. s (p =0.941)

2000.0

1800.0

2400)

WOMAC Total score (0 -

Control Group
W Preoperative 1122.6
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1000.0
800.0
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Figure 3. Preoperative vs postoperative total WOMAC score.
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Figure 7. Preoperative vs postoperative Lysholm score.

The statistical analysis at the assumed level of significance showed that both in the control
and the PRP group there are significant differences with respect to the preoperative examination.
Presumably, the changes observed after six weeks are positively correlated with those observed in the
following weeks. A single-factor ANOVA analysis was conducted in order to determine in detail the
changes in individual parameters over time, the results of which are presented in Table 3.

The statistical analysis at the assumed level of relevance for WOMAC Total results showed a
change after the first 6 weeks in both the PRP and control groups. In the case of the PRP group,
the improvement continued throughout the entire study period while in the case of the control group,
despite the initial decrease, the statistical analysis showed no significant difference between the
preoperative and the 24 weeks after the arthroscopy.

In the case of WOMAC stiffness, the statistical analysis showed statistically significant differences
with respect to 6 weeks after the administration of PRP, the results were maintained until the end of the
period studied. In the case of WOMAC stiffness in the control group, the statistical analysis showed no
statistically significant differences in the subsequent tested series.

For the WOMAC function, statistically significant differences were revealed in 6 weeks after the
administration of PRP, the results were maintained until the end of the period under examination.
In the control group, however, statistically significant differences were observed 12 weeks after the
procedure, the result obtained at the end of the examined period did not show statistically significant
differences from the preoperative examination.

In the case of WOMAC pain, both in the control and PRP groups, statistically significant differences
occurred after only 6 weeks and persisted until the end of the period under investigation.

The Lysholm results showed statistically significant differences between the preoperative
examination and the examination performed 24 weeks after the surgery.

The statistical analysis at the assumed level of significance did not show statistically significant
differences in individual test sections between the control group and the PRP group. A comparison of
mean values with error bars containing standard deviation values in particular groups is presented in
Figures 3-7.

4. Discussion

Osteoarthritis is one of the most common causes of disability in older population. It is well
established that osteoarthritic changes in the joints provoke pain, impair joint function, and decrease
life quality among affected individuals [3-5]. Total knee replacement is a gold standard for an end-stage
disease of the knee joint; however, there is substantial divergence among the orthopedic society of
how to treat early osteoarthritic changes in the knee joint. In this study, we have tried to evaluate a
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potentially beneficial method of minimally invasive treatment of arthroscopic microfracturation of
chondral defects in the early stages of osteoarthritis. Based on the assumptions that administration of
PRP improves the mechanical and histological properties of the cartilage covering the defect, the study
reported in this work set out to investigate the clinical effect of PRP augmentation of arthroscopic
microfractures in elderly population. Our results show that arthroscopic microfracturation has a
beneficial effect on pain and daily activities, which is represented in the decrease in WOMAC and
the increase in Lysholm scores. In the past, it was widely believed that microfractures yield best
effects in younger population with isolated cartilage defects [12]. Our study shows that age does
not compromise the therapeutic effects in older individuals with osteoarthritic changes over 60 years
of age. Moreover, good clinical outcome is shown to be attainable in as short as 6 weeks with PRP
administration during MFx. Recent studies have indicated that microfractures were the treatment of
choice for early osteoarthritic changes in knee and ankle joints. Their authors confirmed a positive
effect of the microfracture technique in reducing pain and improving knee function. Duif et al. [37]
included 58 patients out of whom a vast majority had grade IV or III cartilage lesions. They have shown
good pain relief and improvement in the function of the knee after one year. Degenerative changes
treatment was also studied in the ankle joint, where it was also shown that the microfracture technique
gives good outcomes as far as the pain relief and function improvement are considered [38]. The effect
of microfractures was investigated in detail in regard to histologic and mechanical properties of the
regenerative cartilage. It was shown that mechanical properties of the regenerative cartilage after
isolated microfractures are inferior to the regenerative cartilage after augmentation of the procedure with
PRP intraarticular administration [17,28]. The greatest improvements in the knee function and decline
in pain were reported in the first 6 weeks in the PRP group, as opposed to the control group, where the
improvement was observed after 12 weeks. Our results are consistent with other authors suggesting
that microfractures give a quick improvement of the knee function; however, PRP augmentation may
accelerate the therapeutic effect. Most of the authors noted the greatest improvement in the first few
weeks, after which the improvement was in plateau stage [37-39] for the follow-up time, which is
consistent with our findings for the PRP group. In the past, the microfracture technique was mostly
used in younger population in focal cartilage defects. However, with the use of PRP, it might be
theoretically applicable in older population. There is a limited number of papers concerning the use of
the microfracture technique in older population. In our study we have shown that microfracture with
or without PRP is a considerable alternative for patients after 60 years of age. In the study conducted
by Duif et al. [37], the mean age was also over 60, and the results were comparable with our findings.
In a large study [40], where over 29,000 of MFx procedures were evaluated, the two-year revision
surgery rate was calculated as 14.65%. Given fast improvement in function and pain relief and less than
15% revision rate after MFx, the procedure seems to be promising in early stages of OA even in older
populations, as was shown in our study. Moreover, arthroscopy prior to total knee replacement was
shown by Piedade et al. [41,42] to have no effect on the survival rate of TKA. Encouraging results of
in vitro and animal studies on chondral tissue with the use of PRP [11,23,28,43] have been published in
the past. In our study, we found that PRP administration accelerates and prolongs the therapeutic effect.
The control and PRP groups showed clinical improvement over the course of six weeks, which lasted to
the end of the follow-up in the PRP group. Overall, WOMAC score in the control group at the end of the
follow-up did not show a significant difference in regard to the preoperative score, which could suggest
that PRP has an effect on prolonging clinical effects of treatment. Other studies concerning PRP usage
in augmentation of MFx had a follow-up of 24 months, at the end of which the results in pain reduction
and function improvement were comparable [37,39,44]. The main limitation of the study was the small
size of the study group, which was enforced by study funding. The number of participants in the study
group could have an impact on overall statistical results of the study; however, the study group is
comparable with papers published in the last few years on this subject [44-46]. Another limitation of
the study is a high deviation of baseline WOMAC and Lysholm scores among participants, which is
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nonetheless typical of early OA manifestations in affected patients. Base line deviation could also
influence Lysholm scores if the patients changed their activity levels during study.

5. Conclusions

Arthroscopic microfracture in the early stages of osteoarthritis improves function and reduces
pain in an older group of patients. PRP augmentation of the procedure is safe, and may accelerate
and prolong the therapeutic effect. The effects of the procedure are notable even in the first six weeks,
after which the improvement lasts in an acceptable manner.
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