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Introduction
Osteoarthritis (OA) is the most common form of 
arthritis, typically seen with increasing age affect-
ing all joints. Platelet-rich plasma (PRP) recently 
came under the spotlight because of its regenera-
tive potential and promising preliminary clinical 
results in several conditions [Bashir et al. 2015]. 
Commercially available kits can provide autolo-
gous PRP (APRP) from simple blood extraction 
from the patient. Treatment with APRP is more 
effective than placebo for knee OA [Patel et al. 
2013] and shows more and longer efficacy than 

hyaluronic acid (HA) injections [Kon et al. 2011]. 
However, patients with poor general health, mul-
tidrug therapy, or hematologic disorders are not 
candidates for APRP injections and the volume 
blood absence required could often cause adverse 
effects, in particular in repeated treatments 
[Martinez, 2010].

Homologous PRP (HPRP) obtained from healthy, 
screened and habitual blood donors presents sev-
eral advantages such as ease of preparation, higher 
number of platelets than the therapeutic range, 
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almost unlimited availability and limited costs. 
Recent clinical trials have tested HPRP as a treat-
ment for hand and finger wounds [Balbo et al. 
2010], chronic diabetic lower extremity ulcers 
[Shan et al. 2013], aggressive periodontitis 
[Markopoulou et al. 2009], and long bone defects 
[Gubina et al. 2014]. However, to date there are 
no published studies that evaluate the effect of 
HPRP intra-articular injections for knee OA, in 
particular in patients who are not candidates for 
APRP treatment. Moreover, no clinical trial has 
been performed to specifically evaluate the role of 
PRP in elderly patients with early or moderate OA.

The primary aim of the current research was to 
perform a pilot study assessing the safety of HPRP 
injections in patients not responsive to conven-
tional nonsurgical treatments [McAlindon et al. 
2014] and in which APRP was contraindicated. 
The secondary aim was to assess and evaluate the 
outcomes of HPRP therapy in elderly patients 
affected by different degrees of knee OA at short-
term follow up.

Materials and methods
This prospective open-label, single-center, uncon-
trolled, pilot study was conducted with the highest 
respect for individual participants. The procedures 
followed were in accordance with the ethical stand-
ards of the responsible committee on human 
experimentation (institutional and national) and 
with the eighth revision of the Declaration of 
Helsinki, Seoul 2008. Before the beginning of any 
study-related activities, each study participant 
signed informed consent. Inclusion criteria were: 
hematologic blood dyscrasias with platelet dys-
function, anemia (hemoglobin less than 10 dl), 65 
years old or over, knee OA unilateral localization, 
history of chronic (⩾4 months) pain or knee swell-
ing, limitation of daily activities, and radiographic 
imaging findings of degenerative joint changes 
(Ahlbäck grade I–III). Exclusion criteria were: 
systemic cardiovascular or neurologic disorders, 
diabetes, septicemia or fever, cutaneous infections 
in the area to be injected, use of corticosteroids for 
two to three weeks before the procedure, use of 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
in the 3 weeks before treatment, anticoagulation 
use 5 days before the procedure, and previous knee 
surgery. Patients with Ahlbäck grade IV and V 
were excluded, as nonsurgical treatment was con-
sidered not ethically correct [Martinez, 2010]. 
Standard weight-bearing anterior-posterior radio-
graphs with knees in full extension were performed 

to determine the OA grade. All patients were 
treated in Riuniti of Ancona University Hospital 
following the same inclusion criteria and were pro-
spectively evaluated at two-month and six-month 
follow-up visits.

The production of HPRP followed the SIMTI rec-
ommendations on blood components for non-
transfusional use [Aprili et al. 2013]. Every patient 
received three injections of 5 ml of HPRP poor in 
leukocytes, containing a concentration of 1200–
1600 × 103/µl, spaced apart every 14 days and no 
further injection during the follow-up period. 
Before the injection, 10% calcium chloride (Ca++ 
0.22 mEq per dose) was added to HPRP to acti-
vate coagulation. The skin was sterilely dressed 
and the infiltration was performed through a clas-
sic lateral approach with a 22-gage needle under 
ultrasound guidance (7.5 MHz transducer). All 
patients received a series of instructions after every 
injection. In case of knee pain during the treatment 
cycle, they were recommended to use cold therapy 
and to rest for at least 24 hours. Otherwise mild 
activities and a gradual resumption of normal sport 
or recreational activities were allowed as tolerated 
[Kon et al. 2011]. Patients were evaluated before 
the treatment and after 2 and 6 months from the 
last injection. Subjective International Knee 
Documentation Committee (IKDC), Knee Injury 
and Osteoarthritis Outcome (KOOS), and Equal 
Visual Analogue Scale (EQ VAS) scores were used 
for clinical evaluations. Adverse events and patient 
satisfaction were also recorded.

The Student’s t-test was performed for IKDC, 
KOOS, and EQ VAS scores to compare preop-
erative and postoperative values. Data are 
expressed as a mean, standard deviation (SD) 
and 95% confidence interval (CI) and p < 0.05 
was considered significant for one-tailed tests. 
The statistical software SPSS (version 17.0) was 
used for biometric analysis.

Results
From October 2011 to May 2014, 83 patients 
were assessed for eligibility. A total of 17 patients 
declined participation and 3 patients withdrew 
from the study after the first injection for personal 
reasons. One patient was excluded for taking corti-
costeroids to treat lower back pain after the second 
injection, and two patients were lost at the 2-month 
follow-up visit. Therefore, the study sample con-
sisted of 60 patients (21 men, 39 women), mean 
age 72 ± 5.88 (CI 70.51–73.49) affected by joint 
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space narrowing, <3 mm (Ahlbäck I, 75%), joint 
space obliteration (Ahlbäck II, 18.3%) and minor 
bone attrition, 0–5 mm (Ahlbäck III, 6.67%). A 
total of 54 patients were affected by anemia 
(hemoglobin less than 10 dl), one by idiopathic 
thrombocytopenic purpura (Werlhof’s disease), 
three by systemic lupus erythematosus, and two by 
splenomegaly.

No severe complications related to the infiltra-
tions were observed during the treatment and the 
follow-up period. Only minor side effects were 
detected in nine patients (15%), such as transi-
tory intra-articular burning sensation immedi-
ately after the injection or mild articular pain for a 
few days.

The Student’s t-test was performed for IKDC, 
KOOS and EQ VAS scores to find statistically 
significant differences (p < 0.05 for one-tailed 
tests) comparing pretreatment with after 2 
months, pretreatment with after 6 months, and 2 
months with 6 months results. The results showed 
that HPRP was statistically effective (Table 1  
and Figure 1). In fact, for IKDC values, the 
results were significant at p < 0.0005 after 2 
months (t = 17.52, n = 60) and after 6 months  
(t = 6.86, n = 60) (Table 1 and Figure 1a). 
Moreover, the same statistically significance was 
found for KOOS scores after 2 months (t = 
17.49, n = 60), and after 6 months (t = 14.9, n = 
60) using the same test (Table 1 and Figure 1b). 
Furthermore, for EQ VAS values, the related 
t-test on the data, after 2 months (t = 16.75, n = 
60) and after 6 months (t = 13.4, n = 60), showed 

significant results at p < 0.0005 (Table 1, Figure 
1c). A significant worsening between follow up at 
2 and 6 months was also assessed using the related 
t-test. In fact, for IKDC (t = 7.95, n = 60), 
KOOS (t = 7.45, n = 60) and EQ VAS scores (t 
= 7.97, n = 60) obtained at 2 and 6 months, the 
results were significant at p < 0.0005 (Table 1).

Further analyses were performed on age and knee 
degeneration influences on clinical outcomes. 
From a descriptive analysis of the mean, the over-
all worst results were observed in patients aged 80 
years or over (n = 9). Moreover, the related t-test 
on 80 years or over subgroup data showed no sig-
nificant differences (p > 0.05) for KOOS and EQ 
VAS pretreatment and post-treatment values 
(Figure 2c). A significant improvement was noted 
(p < 0.0005) for subgroups 65–69 (n = 27) and 
70–79 (n = 24) years from basal to 2- and 
6-month evaluations (Figure 2a and b). However, 
the differences between 2- and 6-month values 
were not significant, although the comparison 
between means showed that the clinical outcome 
after 6 months was worse than after 2 months. 
Furthermore, from a descriptive analysis of the 
means, we observed the overall best results after 2 
and 6 months in Ahlbäck I subgroup and the 
overall worst results in Ahlbäck III subgroup 
(Figure 3c). The statistical analysis showed a sig-
nificant improvement (p < 0.0005) in Ahlbäck I 
subgroup (n = 45) comparing pretreatment with 
2-month and pretreatment with 6-month results, 
whereas a significant worsening between 2 and 6 
months was noted (IKDC, p ≈ 0.0039; KOOS, 
p ≈ 0.007; EQ VAS, p ≈ 0.01) (Figure 3a). 

Table 1. Global IKDC, KOOS and EQ VAS scores at basal (PRE), 2-month (2 MO) and 6-month (6 MO) 
evaluations after HPRP treatment. Statistically significant differences (p < 0.05 for one-tailed tests) from basal 
evaluation to the 2- and 6-month follow-up visits and from the 2- to 6-month follow-up visits was assessed 
using the Student’s t-test.

HPRP M ± SD [95% CI] t value p value

IKDC PRE 37.9 ± 12.2 [34.80–40.97] PRE versus 2 MO 17.52 < 0.0005
2 MO 65.9 ± 16.5 [61.70–70.06] PRE versus 6 MO 6.86 < 0.0005
6 MO 62.6 ± 16.9 [58.47–67.05] 2 MO versus 6 MO 7.95 < 0.0005

KOOS PRE 46.1 ± 11.8 [43.09–49.07] PRE versus 2 MO 17.49 < 0.0005
2 MO 74.0 ± 15.0 [70.22–77.82] PRE versus 6 MO 14.90 < 0.0005
6 MO 70.9 ± 15.3 [67.02–74.77] 2 MO versus 6 MO 7.45 < 0.0005

EQ VAS PRE 75.5 ± 11.4 [72.0–77.7] PRE versus 2 MO 16.75 < 0.0005
2 MO 38.6 ± 18.1 [33.3–42.3] PRE versus 6 MO 13.40 < 0.0005
6 MO 43.2 ± 19.5 [38.6–48.1] 2 MO versus 6 MO 7.97 < 0.0005

M, mean; SD, standard deviation; CI, confidence interval; IKDC, International Knee Documentation Committee; KOOS, 
Knee injury and Osteoarthritis Outcome Score; EQ VAS, Equal Visual Analogue Scale.
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Figure 1. Health status evaluated with IKDC (a), KOOS (b) and EQ VAS (c) scores (0 to 100). Using the Student’s 
t-test and considering p < 0.05 significant for a one-tailed test, statistically significant improvements from 
basal evaluation to the 2- and 6-month follow-up visits were observed, whereas a significant worsening 
from the 2- to 6-month follow-up visits was noted. Black line, median; box limit, quartiles; extreme values, 
minimum–maximum; pre, pretreatment; m, months; IKDC, International Knee Documentation Committee; 
KOOS, Knee injury and Osteoarthritis Outcome Score; EQ VAS, Equal Visual Analogue Scale.

Figure 2. Influence of age on clinical outcome. The overall worst results were observed in patients aged 
80 years or over and the related t-test showed no significant differences (p > 0.05) for KOOS and EQ VAS 
pretreatment and post-treatment values (c). A significant improvement was noted (p < 0.0005) for subgroups 
65–69 and 70–79 years from basal to 2- and 6-month results (a, b). The differences between 2- and 6-month 
values were not significant, although the comparison between means showed that the clinical outcome after 
6 months was worse than after 2 months. yo, years old; pre, pretreatment; m, months; KOOS, Knee injury and 
Osteoarthritis Outcome Score; EQ VAS, Equal Visual Analogue Scale.



C Bottegoni, L Dei Giudici et al.

http://tab.sagepub.com 39

Ahlbäck II subgroup (n = 11) showed a signifi-
cant improvement after 2 and 6 months, but the 
differences between 2 and 6 months were not sig-
nificant (IKDC, p ≈ 0.61; KOOS, p ≈ 0.62; EQ 
VAS, p ≈ 0.34), although the comparison 
between means showed that the clinical outcome 
after 6 months was worse than after 2 months 
(Figure 3b). No statistical analysis was performed 
on Ahlbäck III subgroup data because the sample 
size was too low (four patients).

Despite the heterogeneity between subgroups, 
90% of patients were found satisfied at 6-month 
evaluation (54 of 60) and would agree to a further 
HPRP treatment.

Discussion
The present article is the first description of 
selected patients affected by knee OA treated with 
HPRP injections.

Although it could be argued that what is needed 
now is an appropriate randomized clinical trial to 

assess the clinical effectiveness of HPRP in this 
specific subgroup of patients, the presented fur-
ther pilot stage was essential.

Regarding our primary aim, we observed no 
severe complications related to the injections dur-
ing the treatment and follow-up period, but only 
minor side effects also common to APRP therapy 
[Kon et al. 2011].

Regarding our secondary aim, a statistically sig-
nificant improvement in reducing pain and recov-
ering articular function were observed in all 
patients from basal evaluation to 2- and 6-month 
follow-up visits. However, a statistically signifi-
cant worsening from 2- to 6-month evaluations 
was noted. Further analyses were performed to 
investigate the influence of age and knee degen-
eration on the clinical outcomes. The overall best 
results in terms of mean and statistically signifi-
cant improvement at 2- and 6-month evaluations 
were observed in patients aged 65–79 years and in 
Ahlbäck I–II knee OA. Thus, the global statisti-
cally significant improvement after 2 and 6 

Figure 3. Influence of knee degeneration on clinical outcome. The overall best results after two and six 
months was observed in Ahlbäck I subgroup and the overall worst results in Ahlbäck III subgroup (c). 
The statistical analysis showed a significant improvement (p < 0.0005) in Ahlbäck I subgroup comparing 
pretreatment with 2-month and pretreatment with 6-month results, whereas a significant worsening between 
2 and 6 months (a). Ahlbäck II subgroup showed a significant improvement after 2 and 6 months, but the 
differences between 2 and 6 months were not significant, although the comparison between means showed 
that the clinical outcome after 6 months was worse than after 2 months (b). pre, pretreatment; m, months.



Therapeutic Advances in Musculoskeletal Disease 8(2)

40 http://tab.sagepub.com

months was probably due to these subgroups. 
The overall worst results in terms of means were 
observed in 80 years or over and to Ahlbäck III 
subgroups. Therefore, a less favorable clinical 
outcome might be expected in these subgroups. 
Moreover, apart from Ahlbäck I subgroup, no 
statistical differences were noted between 2- and 
6-month values, although the comparison 
between means showed that the clinical outcome 
after 6 months was worse than after 2 months in 
all subgroups. This might be explained with the 
low sample size of the subgroups and therefore, 
any significant difference might be too small to be 
observed in such samples.

In the present study, we can only hypothesize the 
mechanism of action of PRP on the basis of previ-
ous studies in reported literature. A high percent-
age of vital and healthy cartilage cells could be 
expected in relatively younger patients with a low 
degree of knee OA, leading to a significant 
response to growth factors released by PRP. 
However, the PRP influence on overall joint 
homeostasis and thus its effect on clinical out-
come could be only temporary, without affecting 
the cartilage tissue structure and joint degenera-
tive progression [Ashammakhi, 2005; Spreafico 
et al. 2009]. It is clear that at this research stage 
there is no definitive answer regarding the efficacy 
of HPRP injections.

Our results are in agreement with previous find-
ings in reported literature, confirming a decreased 
potential for PRP therapy with increasing age and 
developing knee degeneration [Jang et al. 2013]. 
Although a short-term improvement may be 
observed in these patients, the lack of a control 
group, randomization and long-term follow up 
prevents the assessment of the real effectiveness 
of this treatment. In fact, the marked improve-
ment after 2 months could all be due to a placebo 
effect and therefore the efficacy of HPRP is far 
from being demonstrated at this pilot stage. 
Therefore, a careful evaluation of risks and bene-
fits should be made before undertaking it, in view 
of patient comorbidity and operability. These 
considerations must be weighed appropriately 
against the potential importance of a placebo-
controlled trial for any future studies.

Limitations of our study are the lack of randomi-
zation and placebo control groups other than 
imaging results and evaluations only at short-term 
follow-up. The tendency for worsening of clinical 
outcomes after 6 months justified the choice of 

this amount of time as the final evaluation and the 
request of a second injection cycle or a different 
treatment explained the impossibility of evaluat-
ing results at longer follow up. Despite the request 
for a second injection cycle, a further series of 
injections was not stated in the study protocol 
and therefore it was not administered. Further 
studies are needed to confirm these findings but 
also histological and biochemical investigations to 
determine the PRP mechanism of action, biologi-
cal changes and disease-modifying properties.
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