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a b s t r a c t

Background: Osteochondral lesions of the talus are common in patients suffering even minor trauma; 
timely diagnosis and treatment can prevent the development of early osteoarthritis. The objectives of this 
systematic review and meta-analysis were to evaluate the effects of additional procedures on arthroscopic 
ankle microperforations for osteochondral lesions.
Methods: A systematic literature search was conducted using PubMed-Medline, Cochrane Central, and 
Google Scholar to select clinical studies analyzing the efficacy of platelet-rich plasma (PRP), hyaluronic acid 
(HA), and bone marrow concentrate (BMC) procedures. Ten articles following PRISMA guidelines with a 
total of 464 patients were included in this review. Quality assessment using MINORS was performed, and all 
studies demonstrated high quality.
Results: The results of the systematic review showed benefits in all patients undergoing infiltrative therapy 
with PRP, hyaluronic acid, and BMC. The best results in terms of AOFAS score and VAS scale were found in 
patients undergoing PRP injection. The meta-analysis showed improvements in pain relief and return to 
daily activities in patients undergoing arthroscopic microperforations and PRP, although not reporting 
statistically significant results (p = 0.42).
Conclusion: All treatment strategies reported better scores compared to the control groups. Among the 
various treatments analyzed, the addition of PRP appears to be the most valuable probably for the larger 
population receiving this treatment, showing excellent outcomes in pain reduction, clinical outcomes, and 
return to daily activities.
Level of Evidence: II
© 2024 The Author(s). Published by Elsevier Ltd on behalf of European Foot and Ankle Society. This is an 

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction 

Osteochondral lesions of the talus (OLTs) is an acquired lesion, 
the most common aetiology is repetitive microtrauma associated 
with vascular impairment [16]. The diagnosis of OLTs is uncommon 
and the incidence is poorly understood [23]. Among the various 
etiological factors, we recognize acute or chronic trauma, repeated 
microtrauma, genetic predisposition, degenerative arthrosis, osteo
necrosis secondary to systemic metabolic diseases, vascularization 
abnormalities, and alcohol abuse [1,2,7,10,20,21,24,26,30,43]. The 
hereditary genetic component has been studied, in fact, there is a 
high incidence in monozygotic twins, and it is bilateral in 10% of 
cases [44,46]. Depending on the localization and size of the lesion, 
the main etiological factors, the symptomatology, and the treatment 
change; lateral talar dome lesions are more often associated with a 
history of trauma, central and anterior localization, small size, lower 
incidence of spontaneous healing, and are more often symptomatic  
[2,35]. Otherwise, medial talar dome lesions are not often related to 
traumatic events, they are more posterior, larger, and deeper. 

Nonoperative treatment with immobilization and non-weight 
bearing is enough for acute injuries, definable as occurring in less 
than a month without dislocation of fragments [14,28]. Surgical 
treatment is indicated for chronic lesions, and for a displaced frag
ment [8]. Among the various surgical techniques arthroscopy with 
the removal of the loose fragment, debridement, and marrow sti
mulation is the first line of treatment for lesions smaller than 1 cm  
[36]. Retrograde drilling and/or bone grafting is indicated when the 
lesion is >  1 cm with intact cartilage cap [5,19,45]. For lesions 
>  1 cm, dislocated, lesions of the talus shoulder, or failure of pre
vious surgeries, osteochondral grafting (osteochondral autograft 
transplantation, autologous chondrocyte implantation, bulk allo
graft) is indicated. 

This systematic review aimed to report how the additional pro
cedures to arthroscopic microfracture surgery affect the improve
ment of the symptoms and quality of life [40]. 

2. Methods 

This systematic review was performed following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines and using the PRISMA checklist (Fig. 1) [27]. 

2. Inclusion criteria 

The inclusion criteria were English-language studies examining 
the effectiveness of additional procedures in surgical management 
by arthroscopic microperforations in the treatment of osteochondral 
lesions. 

All studies considering different procedures or non-arthroscopic 
microperforations were excluded. 

We excluded case series, case reports, systematic reviews and 
meta-analysis. 

4. Information sources, search strategy 

A systematic literature search was conducted using the following 
online databases: PubMed-Medline, Cochrane Central, and Google 
Scholar. We used the following search strings: ("osteochondral"[All 
fields] OR "osteochondritis"[MeSH terms] OR "osteochondritis"[All 
fields] OR "osteochondritis"[All fields]) AND ("lesion"[All fields] OR 
"lesion s"[All fields] OR "lesions"[All fields] OR "lesions"[All fields]) 
AND ("talus"[MeSH terms] OR "talus"[All fields]). The literature 
search was conducted on 31 January 2023. 

A manual search of the bibliography of each published study was 
performed, in order to find relevant articles that could potentially 
have been missed. After duplicates were removed, two reviewers 
independently read the abstracts of studies appropriate for inclu
sion. Finally, the full articles were checked by two investigators to 
choose the studies to include in the review and meta-analysis. 

5. Data collection, analysis, and outcomes 

Two authors of the review performed the data extraction in
dependently. The following data were extracted from the included stu
dies: authors, year of publication, type of study, level of evidence, number 
of participants and their age and sex in study and control groups, follow- 
up, and interventions. Outcomes were analyzed according to pain levels 
and recovery of normal daily activities using specific scales. 

6. Study risk of bias assessment 

The methodological index for nonrandomized studies (MINORS) 
was performed by two reviewers to assess the methodological 
quality of the studies [38]. 

7. Statistical analysis 

It has been performed a meta-analysis adopting the software 
Review Manager (RevMan) version 5.4. Pain and clinical talus scores 
were compared between the different treatments as continuous 
outcomes. The data are indicated with the mean difference (MD) 
with 95% confidence intervals (CI). For forest plot with high het
erogeneity (I2 > 60%) a random-effect model was applied. The sta
tistical significance of the results was established at p  <  0.05. 

8. Results 

8.1. Search Results 

The search identified 1699 articles, of whom 1260 were screened. 
The full text of 63 articles was analyzed of which 53 were excluded 
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for the following reasons: 8 were RCT protocols, 16 did not have 
reported postoperative outcomes, 25 did not have comparisons be
tween the two groups being analyzed, and 4 were level IV or V 
evidence. Finally, 10 articles were included according to the PRISMA 
selection process (Fig. 1). 

8.2. Included and excluded studies 

Among the 10 studies, 5 were RCTs (LOE I), 2 were PS (LOE II), and 
3 were CCS (LOE III). All studies shared arthroscopic microperfora
tions as the basic procedure. In addition, some studies also used PRP 
injections, others studies had hyaluronic acid injections  
[3,12,15,18,37]. The remaining studies additionally used atelo
collagen, autologous osteochondral transplantation, autologous car
tilage transplantation or matrix-associated chondrocytes, or bone 
marrow aspirate with concentrate and fibrin glue [6,13,17,25,29]. 

8.3. Demographic data 

The total number of participants in all included studies was 464, 
of whom 188 underwent arthroscopic microperforation surgery 
(AM) and the others underwent microperforation combined with 
additional therapies. Only one patient underwent bilateral surgical 
treatment. The mean age of the patients was 35.5 years. In the dif
ferent groups, there were 195 total women corresponding to 42% of 
the total. The minimum and the maximum follow-up were 9 and 
89.6 months, with a mean of 31.12 months. Except for two studies, 
the size of treated osteochondral lesions was always less than 2 cm  
[17,25]. The demographic characteristics of the patients are shown in  
Table 1. The characteristics related to the type of surgery are shown 
in Table 2. 

8.4. Quality assessment (MINORS) 

The MINORS score ranged from 20 to 22 with a mean value of 21, 
identifying the high quality of the studies considered. The scores for 
the 12 items for each study are described in Table 3. 

8.5. Clinical results 

In our study, all patients benefited from surgical treatment with 
or without additional associated procedures (Table 4). 

The mean preoperative AOFAS values were 45.29. The post
operative value was 76.1 for patients undergoing microperforation 
only, 84.5 for patients with PRP addition, 62.6 for patients with HA 
addition, and finally 84.64 for patients with BCMs. 

Analyzing the VAS scale, the preoperative values were 7.45, 3.34 
for patients undergoing microperforations only, 2.6 for patients with 
PRP addition 2.6, 3.3 for patients with HA addition. Only one study 
mentioned the postoperative value of the scale at 3.38 after 
using BMCs. 

8.6. Effect of intervention 

8.6.1. VAS 
In the postoperative period, there was no significant difference in 

pain relief when comparing AM and AM + HA (MD −0.57, 95% CI 
−3.61 to 2.47, p = 0.71) (Fig. 2). 

8.6.2. AOFAS 
Improvement of AOFAS presented no significant difference be

tween comparing AM and AM + HA (MD 2.54, 95% CI −10.86 to 15.95, 
p = 0.71) (Fig. 3). 

Fig. 1. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flow diagram.  
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8.6.3. VAS 
Postoperatively, there was no significant pain reduction between 

AM and AM + PRP (MD 0.46, 95% CI −0.89 to 1.81, p = 0.50) (Fig. 4). 

8.6.4. AOFAS 
When comparing AM and AM + PRP, there was a better im

provement of AOFAS in AM + PRP group, although without statistical 
significance (MD −6.79, 95% CI −23.16 to 9.59, p = 0.42) (Fig. 5). 

9. Discussion 

The purpose of this study was to evaluate the effectiveness of the 
treatments for osteochondral lesions of the talus, analyzing the ad
dition of other procedures to arthroscopic microperforations in 
order to establish a better strategy of treatment, that could influence 
the clinical outcomes. 

This pathology generally affects young and athletic subjects and 
recognizes benefits in conservative treatment in 45% of cases [41]. In 
a review by Van Bergen, the treatment of choice for lesions lower 
than 15 mm consists of arthroscopic debridement and bone marrow 
stimulation [39]. Differently from talus fractures, which have a bone 
fragment thickness greater than 3 mm with a displacement of the 
fragment that requires early surgery, osteochondral lesions - espe
cially if lower than 20 mm - can initially be treated conservatively for 
later surgery [31]. Positive predisposing factors of the effectiveness 
of microperforations are a good preoperative range of motion and 
the absence of preparative osteoarthritis, so it is recommended to 
perform surgery before the appearance of signs of arthrosis [4]. 

According to a review by Dilley, hyaluronic acid, in addition to 
arthroscopic microperforations, provides good results in function 
and pain improvement at short-term follow-up [11]. 

The use of PRP and BMC has also been studied extensively for 
osteochondral injuries of the knee, reporting good results [9,34]. 
Hyaluronic acid has been used also in the knee for the same pa
thology reporting less efficacy than PRP [32]. These results are si
milar to those of our study. For bone marrow stimulation, the best 
results were found for talus lesions smaller than 107.4 mm2 in area 
and/or 10.2 mm in diameter, other unfavorable prognostic factors are 
related to the advanced age of patients, the presence of deep lesions, 
and the medial location of lesions [33,42,47]. 

As demonstrated in the meta-analysis, Jazzo et al. showed that 
the use of PRP was more effective than hyaluronic acid, saline, and 
microperforation surgery alone in both the short-term (4 weeks) and 
long-term (25 months) [22]. 

The results of the meta-analysis showed that only arthroscopy 
was almost overlapping compared to arthroscopy with HA addition. 
In contrast, the addition of PRP ensured greater improvement, al
though not statistically significant, however, given the few studies 
considered there is no strong evidence. A limitation of this study 
relates to the nonhomogeneity of the groups because patients un
dergoing AM + PRP appear to be numerically higher. 

There are no meta-analyses in the literature analyzing this topic. 
However, this study has some limitations related to the hetero
geneity of the additional procedures as the processing and admin
istration methods of PRP, HA, and BMCs. In fact, for each study 
considered, the timing between infiltrations, and the type of hya
luronic acid used were different. The future perspective is to expand 

Table 1 
Demographic characteristics of the patients at baseline. RCT: Randomized controlled trial; CCS: Case control study; PS: prospective study; *bilateral.          

Year Type of study LOE Sample size Age Follow-up (months)  

Dogar et al[12] 2021 RCT I 62 (31 W 31 M) 37.2  ±  13.31 26.19 
Doral et al[15] 2012 RCT I 57 (28 W 29 M) 40.5  ±  13.00 24 
Guney et al[3] 2013 PS II 35 (19 W 15 M) 42.8  ±  14.7 38.5  ±  12.7 16.2 
Görmeli et al[18] 2015 RCT I 40 (19 W 21 M) 38.6  ±  9.1 39.7  ±  8.7 40.3  ±  9.4 15.3 
Lee et al[25] 2020 RCT I 60 (32 W 28 M) 35.03  ±  15.69 39.10  ±  14.86 24 
Shang et al[37] 2015 PS II 35 (12 W 23 M) 36.6  ±  10.7 34.7  ±  8.7 9 
Gobbi et al[17] 2006 RCT I 34 (12 W 20 M) * 32 (19-45) 24 (17-28) 27.8 (21-53) 53 
Domayer et al[13] 2012 CCS III 20 (11 W 7 M) * 30.2  ±  6.1 89.6 
Apprich et al[6] 2012 CCS III 20 (10 W 10 M) 31  ±  6.5 32.4  ±  9.2 18 
Murphy et al[29] 2018 CCS III 101 (21 W 80 M) 39.7  ±  10.78 34.6  ±  11.81 36    

Table 2 
Type of surgery, size of lesions, and scores used. AOFAS: The American Orthopedic Foot and Ankle Score, VAS: Visual Analogue Scale, FAAM: Foot and Ankle Ability Measure, HSS: 
Hospital for Special Surgery score, SANE: Single Assessment Numeric Evaluation, FAOS: Foot and Ankle Outcome Score.       

Groups Size (median) Score  

Dogar et al[12] Arthroscopic microfracture (n = 22) Arthroscopic microfracture + PRP (n = 19) 
Arthroscopic microfracture + BST-Cargel  

<  15 mm AOFAS, VAS, FAAM 

Doral et al[15] Arthroscopic microfracture + HY (n = 41) Arthroscopic microfracture (n = 16)  <  20 mm AOFAS, FREIBURG SCORING 
SYSTEMS 

Guney et al[3] Arthroscopic microfracture (n = 16) Arthroscopic microfracture + PRP (n = 19)  <  20 mm AOFAS, VAS, FAAM 
Görmeli et al[18] Arthroscopic microfracture (n = 13) Arthroscopic + PRP (n = 13) Arthroscopic 

microfracture + HY (n = 14)  
<  15 mm VAS, AOFAS 

Lee et al[25] Arthroscopic microfracture + Atelocollagen (n = 23) Arthroscopic microfracture  
(n = 22)  

VAS, HSS, AOFAS, MOCART 
from MRI 

Shang et al[37] Arthroscopic microfracture (n = 18) Arthroscopic microfacture + HY (n = 17)  <  20 mm AOFAS, VAS, MRI 
Gobbi et al[17] Arthroscopic chondroplasty (n = 11) Osteochondral autologous transplantation 

(OAT) (n = 12) Arthroscopic microfracture (n = 8 +1 bilateral)  
AOFAS-AHS, SANE, MRI 

Domayer SE et al[13] Arthroscopic microfracture (n = 10) Matrix-associated autologous cartilage 
transplantation (n = 10) 

1.16  ±  0.49 1.39  ±  0.33 cm2 AOFAS, MRI, ROI analysis 

Apprich et al[6] Arthroscopic microfracture (n = 10) Matrix-associated autologous chondrocyte 
transplantation (n = 10) 

1.21  ±  0.6 cm2  
1.05  ±  0.6 cm2 

AOFAS, Mocart 

Murphy et al[29] Arthroscopic microfracture (n = 52) Arthroscopic microfracture + bone marrow 
aspirate concentrate and fibrin glue (n = 49) 

less than 1.5 cm2 VAS, FAOS, revision rate    
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the number of studies and analyze the differences in terms of the 
protocols used in the studies. 

10. Conclusion 

This systematic review has shown that procedures in addition to 
arthroscopic microperforations with a cycle of infiltration with 
hyaluronic acid, PRP, and BMC result in improved postoperative 
outcomes regarding return to daily activities and improvement in 
symptoms. The meta-analysis reported better outcomes in patients 
who benefited from PRP even though without a statistically sig
nificant result. The cause of this result may be related to the larger 
population of the group of patients undergoing microperforation 
and PRP infiltration compared with the others. However, further 
large-scale studies with a larger number of patients and an evalua
tion of the method of administration of injected substances are 
needed to identify the most effective treatment for this type of 
injury. 
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