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Abstract

Objective. The objective of this study is to establish which patient and lesion characteristics are related to the clinical outcome
after microfracture of cartilage defects in the knee. Study design. Systematic review. Methods. After preregistration, PubMed,
Embase, and Cochrane were searched for studies that analyzed prognostic factors for the outcome of microfracture
treatment in the knee. The criteria for inclusion were outcome measured using Patient-Reported Outcome Measures
(PROMs), a clinical study with =10 participants receiving microfracture, and a minimal follow-up period of | year.
Results. For none of the investigated prognostic factors, effect size reporting was sufficiently homogeneous to conduct
a meta-analysis. However, a majority of the included studies identified higher age, larger lesion size, longer preoperative
symptom duration, and previous surgery on the ipsilateral knee, especially meniscectomy and anterior cruciate ligament
reconstruction, as factors that are reported to be correlated to a less favorable outcome. A lesion location that does
not include the trochlea or the patellofemoral joint and is not weightbearing, a nondegenerative mechanism of injury, and
a single lesion were reported as factors that predict a favorable outcome. As to gender, body mass index, preoperative
activity level, smoking, and concomitant knee surgery, the included articles were inconclusive or no effect was reported.
Conclusions. Several factors correlated with the clinical result after microfracture treatment. However, the information on
the effect sizes of the influence on clinical outcome is incomplete due to poor reporting. Large-scale registries or pooling
of homogeneous, well-reported data is needed to work toward prognostic models. That would be an important step
toward personalized treatment.
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Cartilage lesions in the knee can lead to pain and functional
impairment, comparable to patients with end-stage osteoarthri-
tis who are scheduled for total knee arthroplasty.'” Most carti-
lage lesions have a traumatic origin and are located on the
medial femoral condyle and patellofemoral joint.> The natural
healing capacity of cartilage and regeneration after surgical

repair are challenging, often only providing fibrocartilage )
Supplementary material for this article is available on the Cartilage

defect filling rather than the native hyaline cartilage type.
Untreated cartilage defects are a strong predictor for osteoar-
thritis development, which causes pain, a decrease in joint func-
tion, and a large demand for orthopedic care later in life.*®
First described by Steadman e al.,” microfracture has
been stated as the “golden standard” in the surgical treatment
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of full-thickness cartilage defects in the knee. Evidence is
mostly derived from case series, cohort studies, and clinical
trials. However, subjects in these studies often do not repre-
sent the typical patient in clinical practice.® Namely, micro-
fracture is mostly investigated and consequently advised for
smaller primary defects in young individuals by international
guidelines, but in clinical practice it is often applied in older
individuals with more complex lesions and comorbidi-
ties."*!2 Indeed, in clinical practice, microfracture is one of
the most used cartilage repair techniques and mostly applied
in middle-aged individuals.'*-'® Similarly, this is driven by its
technical ease, low costs, and high availability.!” However,
there is mounting evidence that the standard microfracture
awls may cause subchondral bone sclerosis and cyst forma-
tion.'®!” Moreover, failed microfracture may also jeopardize
the success of consecutive biological treatments such as
autologous chondrocyte implantation (ACT).2?3 The quality
of the cartilage repair tissue after microfracture is also incon-
sistent and fluctuates, particularly with increasing age. 22426
The exact reasons therefore remain unclear. Other techniques
such as scaffold augmentations, osteochondral allografting
(OCA) or autograft transplantation (OAT), and ACI chal-
lenge the position of microfracture as the first choice in oper-
ative management as there is increasing evidence that they
are more durable than microfracture.'>?’

There are particular concerns when microfracture is
applied in larger defects and middle-aged patients.'? To opti-
mize the proper use of microfracture treatment, it is important
to gather the evidence on factors that should be taken into
account during (shared) treatment decision-making. There are
several prognostic factors that have been named for micro-
fracture outcomes, such as age, lesion size, and location.”®
Surprisingly and to the best of our knowledge, a study that
scrutinizes the evidence for the influence of these factors has
not been performed. Therefore, in this review, we aim to iden-
tify the prognostic factors that influence the clinical outcome
of microfracture surgery of cartilage defects in the knee.

Methods

Literature Search and Selection of Studies

PubMed, Embase, and Cochrane were searched from incep-
tion until June 19, 2021 (registration in PROSPERO ID:
CRD42020177512). The search was constructed using the
following key words, including synonyms and closely related
terms: “osteochondral lesion,” “osteochondritis dissecans,”
“knee,” and “microfracture.” The full search strategies for all
databases are listed in Supplemental Appendix I. Duplicates
and manuscripts in any other language than English or
German were excluded. Articles were included when (1) the
study evaluated the outcome of microfracture treatment for
cartilage defects based on Patient-Reported Outcome
Measures (PROMs), (2) it was a clinical study with =10

participants in the microfracture-receiving group, (3) there
was a minimal follow-up period of 1 year, and (4) the study
addressed the preoperative or perioperative patient or lesion
characteristics and their relation to the outcome. Concomitant
procedures were allowed, but studies that only included
patients with specific concomitant injuries were excluded.
The primary outcomes were correlation coefficients, odds
ratios, or differences between subgroups. Reviews, meta-
analyses, cost-effectiveness analyses, congress abstracts, ani-
mal studies, and case series were excluded. Titles and
abstracts were independently screened for relevance by 2
researchers (I.M.v.T. and K.S.E.) using Rayyan (www.
rayyan.ai). If there was no consensus on the inclusion of a
paper, a discussion with a third researcher (P.P.W.v.H.) was
conducted until consensus or majority vote was reached.

Data Extraction

A data extraction form was created to obtain the following
information: first author, journal, year of publication, number
of patients receiving microfracture, lesion location, lesion
size, age, etiology, history of knee trauma and/or surgery,
follow-up, body mass index (BMI), smoking, concomitant
injuries and/or procedures, and the International Cartilage
Repair Society (ICRS) and/or Outerbridge Classification.
When available, the PROMs, correlation (coefficient), uni-
or multivariate analysis, subgroup analysis, and P values
were collected for all identified following prognostic factors.
If the primary outcomes were not completely reported, the
corresponding authors of the included articles were contacted
by e-mail, with a reminder e-mail after 8 to 10 weeks.

Quality Assessment

The included studies were subjected to a quality assessment
based on the Methodological Index for Non-Randomized
Studies (MINORS) by Slim et al.?° This instrument was
designed to assess the methodological quality of nonran-
domized surgical studies, whether comparative or noncom-
parative. The maximal score was 16 for noncomparative
and 24 for comparative studies.

Data Analysis

A narrative synthesis of the evidence and the statistical sig-
nificance of the findings are given.

Results

Study Identification

After the literature screening, 23 articles that met the inclusion
criteria were identified (Fig. 1).>°>> The most-studied prog-
nostic factors were age, lesion size, gender, lesion location,
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Figure |. PRISMA flowchart of the selection process.>* PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-

Analyses; MF = microfracture.

and symptom duration. Other mentioned factors were defect
count, BMI, smoking, concomitant knee surgery, mechanism
of injury, previous knee surgery, activity level, and postopera-
tive treatment, all of which will be addressed below.

Quality Assessment

Opverall, a reasonable study quality was found throughout the
studies (Figure 2). The mean score for the included noncom-
parative studies was 13.9 (N = 16, range: 12-16), and for the
comparative studies it was 20.4 (N = 7, range: 19-22). Most of

the quality issues were due to loss to follow-up and the pro-
spective calculation of the study. Due to prognostic factors
being a secondary outcome measure in most studies, the prog-
nostic calculation of the studies was usually not aimed at those.

Summary of Evidence

Due to poor reporting and heterogeneity of effect sizes,
pooling of data was not possible. Therefore, a narrative syn-
thesis of the evidence was given. Furthermore, the number
of studies that studied a potential prognostic factor was
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Table |. Correlations for Age.

Follow-Up Correlation
Author N (Months) Variable | Variable 2 Coefficient P Value
Asik et al.3° 90 68.0 Lower age Higher Lysholm and lower Oxford r = 0.623 <0.001
r=0615
Balain et al.’' 53 15-52 Lower age Higher Lysholm and IKDC r =024 >0.001
De Windt et al.® 56 34.0 Age Lysholm and KOOS Not reported n.s.
Kon et al.*’ 40 60.0 Age IKDC Not reported n.s.
Marquass et al.® 19 62.9 Age Lysholm and IKDC Not reported n.s.
Mithoefer et al.* 48 41.0 Age Decreasing IKDC scores Not reported n.s.
Neri et al.** 48 68.4 Older age Worse improvement in IKDC and VAS Not reported <0.05
Salzmann et al.*® 145 50.4 Age Lysholm and IKDC Not reported n.s.
Von Keudell et al®' 15 48.0 Age Lysholm and KOOS Not reported n.s.
Weber et al.>? 10 67.9 Older age Lower symptom rate Not reported 0.0321

KOOS = Knee injury and Osteoarthritis Outcome Score; IKDC = International Knee Documentation Committee; VAS = Visual Analog Scale; n.s. =

nonsignificant.

Table 2. Subgroup Analyses for Age.

Follow-U
Author N (Months)P Outcome Variable Subgroup | Subgroup 2 Mean Group | Mean Group 2 Results
Asik et al.3° 90 68.0 Lysholm <35years =35 years 362 £ 58 243 = 6.1 P < 0.001
Oxford 21.7 =34 16.5 = 2.8
Chahla et al.’? 206 92.1 MCID Lower age  Higher age MCID: Not reported P = 0.036
PASS OR=0.61 P =0.031
KOOS PASS: OR=0.86
IKDC
Gobbi et al.® 6l 181.2 IKDC <30years =30years Notreported Not reported ns.
Lysholm KOOS
Knutsen et al® 40 24.0 KOOS <30years =30years Notreported Notreported P = 0.05
Lysholm ICRS (all)
Kreuz et al.3® 70 36.0 ICRS =40 years >40years Notreported Notreported P = 0.0l
Modified Cincinnati
Miller et al.*? 350 48.0 Lysholm =45years >45years Notreported Notreported P = 0.04
Solheim et al.* 120 12-216 Lysholm VAS =25years  >25 years — OR =223 P =0.05
Steadman et al¥ 72 135.6 Lysholm WOMAC <35years 35-45years Notreported Notreported P = 0.048
r=-0.28
Vanlauwe et al*® 61 60.0 KOOS <35years =35 years oKOOS: oKOOS: n.s.
VAS 16.59 = 355  15.16 = 4.02
P =0.262 P = 0.456

OR = odds ratio; ICRS = International Cartilage Repair Society; MCID = minimal clinically important difference; PASS = patient acceptable symptom
state; KOOS = Knee injury and Osteoarthritis Outcome Score; oKOOS = Overall Knee injury and Osteoarthritis Outcome Score; IKDC =
International Knee Documentation Committee; VAS = Visual Analog Scale; WOMAC = Western Ontario and McMaster Universities Arthritis Index;

n.s. = nonsignificant.

counted and the ratio of studies that reported the factor to be
significant to nonsignificant was reported.

Age. Age was the most frequently studied prognostic factor.
Eighteen of the 23 included studies analyzed the relation-
ship between the age of the patient and the clinical outcome
of microfracture by means of either correlation (Table 1) or
subgroup analysis (Table 2) with a cutoff age ranging
between 25 and 45 years. Ten of the 18 papers reported a
significant effect. A negative correlation with increasing

age was reported in 4 of 10 studies (4/10). Lower scores in
a subgroup analyses were observed in 7 of 10 studies (7/10,
1 study reported both). No significant effect of age was
reported 8 times, either in correlation analysis (N = 6) or in
subgroups (N = 2).

Lesion size. Thirteen of the 23 studies reported the analysis
of the influence of lesion size on patients’ clinical outcome
via a correlation with PROMs or a subgroup analysis with
a cutoff between 2 and 4 cm?. Eight of the 13 studies found
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Table 3. Correlations for Lesion Size.

Follow-Up Correlation
Author N (Months) Variable | Variable 2 Coefficient P Value
De Windt et al.33 56 34.0 Defect size Lysholm and KOOS Not reported  n.s.
Mithoefer et al.*® 48 41.0 Lesion size Decreasing IKDC scores Not reported n.s.
Neri et al.** 48 68.4 Larger cartilage defect Poorer improvement in IKDC and VAS  Not reported  <0.05
Salzmann et al.* 145 50.4 Lesion size Lysholm and IKDC Not reported  n.s.
Weber et al.>? 101 67.9 Larger lesion size Lower SF-12 physical component scores Not reported 0.0186

KOOS = Knee injury and Osteoarthritis Outcome Score; IKDC = International Knee Documentation Committee; VAS = Visual Analog Scale; SF-12

= |2-item Short Form Health Survey.

Table 4. Subgroup Analyses for Lesion Size.

Follow-Up  Outcome
Author N (Months) Variable Subgroup | Subgroup 2 Mean Group | Mean Group 2 Results
Asiketal®® 90 68.0 Lysholm <2 cm? =2 cm? 374+ 59 269 + 4.7 P =0.001
Oxford 222 *+ 3.6 158 = 2.8
Chahla 206 91.2 KOOS IKDC =2cm? 2 cm? Not reported OR = 041 P =0.048
et al.3? Lesions >2 cm?Z
OR = 0.89
Gobbi etal® 61 181.2 IKDC 2-4 cm? 4.5-6 cm? 61.0 =29 809 = 2.6 P =0.05
Lysholm 672 +22 86.3 =27
Knutsen 40 240 KOOS <4 cm? = 4cm? Not reported Not reported P = 0.003
et al.3 Lysholm
ICRS
Konetal® 40 60.0 IKDC <2cm? =2to  =3cm? Not reported Not reported n.s.
<3 cm?
Miller et al*' 81 31.2 Lysholm <4 cm? >4 cm?  Preoperative = 53.3 Preoperative = 54.4 n.s.
Postoperative = 83.8 Postoperative = 81.0
Solheim 120 12-216  Lysholm =3 cm? =3 cm? OR good Lysholm: 2.20 OR poor Lysholm: P = 0.05
et al.# =4 cm? =4 cm? 1.77
Steadman 72 1356 Lysholm, <4 cm? >4 cm? Not reported Not reported n.s.
etal¥ WOMAC

OR = odds ratio; ICRS = International Cartilage Repair Society; KOOS = Knee injury and Osteoarthritis Outcome Score; IKDC = International
Knee Documentation Committee; VAS = Visual Analog Scale; n.s. = nonsignificant; WOMAC = Western Ontario and McMaster Universities

Arthritis Index.

Table 5. Correlations for Lesion Location.

Correlation
Author N Follow-Up (Months) Variable | Variable 2 Coefficient P Value
Miller et al.*! 8l 31.2 Defect location Clinical outcome Not reported ns.
Steadman et al.’ 72 135.6 Defect location  Improvement in Lysholm score ~ Not reported 0.104

n.s. = nonsignificant.

a significant correlation (N = 2, Table 3) or a worse score
in subgroup analysis (N = 6, Table 4) for larger lesions.
The remaining 5 studies found no significant effect of
lesion size.

Lesion location. Seven studies conducted research on the
effect of lesion location on postoperative scores and end
results. The same PROMs as mentioned earlier were

maintained. From the 3 studies mentioning a correlation for
lesion location, 1 article found a significant correlation
(Table 5). Five subgroup analyses were performed (Table 6).
In 4 cases, a significant difference was found. Asik et al.>°
found better scores at 68 months of follow-up comparing
weightbearing to non-weightbearing zones. Gobbi et al.3*
found better outcomes for lesions located at the medial com-
partment compared with the lateral compartment. Kreuz
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Table 6. Subgroup Analyses for Lesion Location.

Follow-Up  Outcome Mean Mean
Author N (Months) Variable Subgroup | Subgroup 2 Subgroup | Subgroup 2 Results
Asik et al.3° 90 68.0 Lysholm Weightbearing  Non- 268 + 53 373 64 r =0.658
Oxford surface weightbearing 162 +27 232*24 r=206I18
surface P = 0.001
De Windt 56 34.0 VAS Patellar or Other Not reported Not reported n.s.
et al®® KOOS medial lesion
Lysholm
Gobbi et al® 6l 181.2 IKDC Medial condyle Lateral condyle Not reported Not reported P = 0.05
Lysholm (better) (worse)
KOOS
Kreuzetal® 70 360 ICRS Lesion on Lesion on Not reported Not reported Defects on
Modified femoral trochlea or trochlea/
Cincinnati  condyles or patella patella in
tibia correlation with
deteriorated
results:
P =0.05
Solheim et al* 120 12-216  Lysholm Non- Involvement Not reported Not reported OR = 2.27
involvement of the P =0.05
of the patellofemoral
patellofemoral  joint
joint

ICRS = International Cartilage Repair Society; OR = odds ratio; KOOS = Knee injury and Osteoarthritis Outcome Score; IKDC = International

Knee Documentation Committee; VAS = Visual Analog Scale.

Table 7. Correlations for Symptom Duration.

Follow-Up Correlation
Author N (Months) Variable | Variable 2 Coefficient P value
Balain et al.’' 53 15-52 Symptom duration Response shift Not reported n.s.
Mithoefer et al.*® 48 41.0 Preoperative interval Decreasing IKDC scores Not reported n.s.
Neri et al.* 48 68.4 Delayed surgery Poorer improvement of IKDC Not reported <0.05
and VAS
Steadman et al.¥’ 72 135.6 Chronicity Improvement in Lysholm score r=-0.101 <0.404

IKDC = International Knee Documentation Committee; VAS = Visual Analog Scale; n.s. = nonsignificant.

et al.*® reported worse outcome when the lesion was located

at the patella or trochlea compared with the condyles or tibial
plateau.

Symptom duration. Seven of the 23 studies researched
the influence of symptom duration prior to the surgical
treatment, preoperative interval, delayed surgery, and chro-
nicity of the complaints on the postoperative outcome. Four
studies researched the correlation between these factors and
the PROMs, and one of them found a significant correlation
(Table 7). Three subgroup analyses were conducted in
which a symptom duration ranging from =12 months to
<36 months was compared with complaints that were
already present for a longer period of time (Table 8). In 2
cases, a significant difference in the effect on PROMs was

found. Overall, a shorter duration of symptoms was found
to be more beneficial for the outcome.

Gender. Seven studies investigated the influence of gender
on the outcome of microfracture. All 7 articles performed
subgroup analyses, out of which 2 showed significantly bet-
ter PROMs at follow-up for male patients in comparison
with females (Table 9). Chahla et al.’? found an odds ratio
of 2.7 for males to reach the Patient Acceptable Symptom
State (PASS) at 6 months after microfracture. Salzmann
et al.*® found significantly better Lysholm, Knee injury and
Osteoarthritis Outcome Score (KOOS), and International
Knee Documentation Committee (IKDC) scores for males
at an average of 50 months of follow-up. However, a major-
ity of 5 papers did not report significant differences.



van Tuijn et al.

Table 8. Subgroup Analyses for Symptom Duration.

Follow-Up Outcome Mean Mean
Author N (Months) Variable Subgroup | Subgroup 2 Subgroup | Subgroup 2 Results
Asik et al3° 90 68.0 Lysholm Symptom Symptom Not reported Not reported ns.
Oxford duration =12 duration >12
months months
Salzmann 145 504 IKDC Symptom Symptom 784 68.3 0.001
et al® Lysholm duration <18 duration >18 83.3 714 0.001
NAS-P months months 7.4 6.0, 0.003
NAS-F 7.1 5.9 0.003
Solheim et al* 120 12-216 Lysholm VAS Symptom Symptom Not reported Not reported  Shorter
duration = 36 duration < 36 symptom
months months duration:
P = 0.005
OR: 2.45

OR = odds ratio; IKDC = International Knee Documentation Committee; NAS-P = Numeric Analogue Scale for Pain; NAS-F = Numeric Analogue

Scale for Function; VAS = Visual Analogue Scale.

Table 9. Subgroup Analyses for Gender.

Follow-Up Outcome Mean Subgroup
Author N (Months) Variable Subgroup | Subgroup 2 Mean Subgroup | 2 P Value
Balain et al.' 53 15-52 Lysholm Male Female  Not reported Not reported n.s.
VAS
IKDC
Chahla et al. 206 91.2 KOOS IKDC Male Female  Likelihood of achieving 0.017
PASS at 6 months
OR: 2.7
Marquass et al*® 19 62.9 IKDC Male Female  Not reported Not reported ns.
Lysholm
Miller et al.*? 350 48.0 Lysholm Male Female  Not reported Not reported n.s.
Salzmann et al** 145 504 IKDC Lysholm Male Female  Not reported (better) Not reported 0.032
(worse) 0.026
Solheim et al* 120 12-216 Lysholm Male Female  Not reported Not reported n.s.
Weber et al.* 101 67.9 Lysholm Male Female  Not reported Not reported ns.
IKDC
KOOS

PASS = patient acceptable symptom state; OR = odds ratio; KOOS = Knee injury and Osteoarthritis Outcome Score; IKDC = International Knee

Documentation Committee; VAS = Visual Analog Scale.

Other factors and summary. Other prognostic factors that
were addressed are defect count, BMI, smoking, concomi-
tant knee surgery, mechanism of injury, previous knee sur-
gery, activity level, and postoperative treatment. The tables
displaying the extensive results of these factors can be
found in Supplemental Appendix II, with a summary in
Table 10. In short, the studies indicated that the presence of
a single cartilage lesion compared with multiple lesions
(significant in 3/4 studies) and a BMI <25-30 kg/m? (3/6)
have a beneficial effect on the clinical outcome after micro-
fracture. Patients who have had previous, ipsilateral knee
surgery were reported to have worse outcomes in 4 of 6
studies. Little or no evidence was found for the prognostic
value of the variables smoking (0/2 significant), concomi-
tant knee surgery (0/2), and the mechanism of injury (1/6).

Discussion

In this systematic review, we identified the prognostic factors
that influence the clinical outcome of microfracture surgery of
cartilage defects in the knee. A lack of reporting of effect sizes
made it impossible to pool the effect of the different variables.
However, in a majority of the included studies, it was reported
that patient age, lesion size, preoperative symptom duration,
previous knee surgery, and lesion count were reported to have
a significant effect on the outcome of microfracture. No study
reported a significant effect of smoking (out of 2 studies).
Conflicting evidence remains for BMI, with 3 studies report-
ing a significant negative effect and 3 studies stating no effect,
and gender, with 3 studies describing a significant benefit for
male patients and 4 studies stating no effect.
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Table 10. Summary of Reported Effects.

Significant Harm No Significant Effect  Significant Benefit

Higher age
Larger lesion size
Male gender
Lesion location:
Undefined
Non-weightbearing vs. weightbearing
Patellar/medial lesion vs. others
Medial vs. lateral condyle
Femoral condyles/tibia vs. trochlea/patella
Non-involvement of the PF joint vs. involvement of the PF joint
Shorter symptom duration
Higher BMI
Non-degenerative mechanism of injury
Previous knee surgery
Single lesions
Smoking
Higher preoperative activity level
Concomitant knee surgery

10 8 0
8 5 0
0 5 2
0 2 0
0 0 |
0 | 0
0 0 |
| 0 0
0 0 |
0 3 4
3 3 0
0 5 |
4 2 0

| 3
0 2 0
0 | |
0 2 0

BMI = body mass index; PF = patellofemoral joint.

Balain (2009)
Chahla (2020)
De Windt (2012)
Gobbi (2004)
Gobbi (2013)

Asik (2008)

A clearly stated aim

Inclusion of consecutive patients

Prospective collection of data

Endpoints appropriate for the aim of the study
Unbiased assessment of the study endpoint
Follow-up period appropriate to the aim of the study
Loss to follow-up <5%

Prospective calculation of the study

9: An adequate control group

el Bl B Bl i

3

Knutsen (2004)
Kreuz (2006)
Marder (2005)
Marquass (2012)
Miller (2004)
Miller (2010)
Mithoefer (2005)
Neri (2020)
Salzmann (2013)
Solheim (2016)
Steadman (2003)
Van Assche (2009)
Vanlauwe (2011)
Von Keudell (2012)
Weber (2018)

Solheim (2018)

10: Contemporary groups

11: Baseline equivalence of groups

12: Adequate statistical analyses

Score (non-comparative)

Score (comparative)

18

Figure 2. MINORS quality assessment. MINORS = Methodological Index for Non-Randomized Studies

A harmful correlation between age and clinical outcome
comes as no surprise, as with increasing patients’ age, their
cell turnover and renewing capacities decline. In the case of
articular chondrocytes, older cells exhibit a senescent phe-
notype.>* Moreover, advancing age may also impair the joint
homeostasis. Taken together, chondrogenesis works insuffi-
ciently with increasing age, leading to inferior, fast deterio-
rating fibrous defect filling which is not able to withstand the
so-called pothole effect.!> On the other hand, in the few stud-
ies on the natural history of cartilage defects—that is,

untreated—a young age was often associated with stabiliza-
tion of cartilage defects and high functional outcomes.**
A larger lesion size as risk factor is in accordance with
biomechanical studies that have shown that defects larger
than 2 cm? increase the load on the base of the defect as well
as on the rim.%’ This will potentially negatively influence
the development of the repair tissue in the defect and the
progression of rim cartilage deformation, resulting in the
pothole effect as mentioned before.> The same biomechan-
ics apply to lesion location as a prognostic factor. Lesion
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location showed an effect on the outcome in 4 of 7 men-
tioned studies, compared with 3 studies showing no signifi-
cant effect. Particularly, patellofemoral defects have been
well known to have inferior outcomes as this compartment
endures high compression and shear forces.>

The effect of BMI on the outcome is inconclusive, with
3 studies showing significant harm (average N = 80) and 3
studies showing none (average N = 71). As BMI is a pre-
dictor for osteoarthritis disecase development via both
mechanical and inflammatory pathways, a negative effect
on cartilage regeneration can be expected as well.® From a
pure mechanical point of view, this holds especially true for
patients with a BMI >30 kg/m?, potentially amplifying the
effect of concomitant mechanical-based prognostic factors
such as defect size larger than 2 cm?.%!

A shorter preoperative symptom duration showed a ben-
eficial effect in 4 of 7 mentioned studies. As already stated,
cartilage defects are a well-known risk factor for osteoar-
thritis development.* As osteoarthritis is a whole-joint dis-
ease, this transition over time from local to generalized
damage can only be explained by a biological process, that
is, an impaired joint homeostasis.®> Indeed, in such impaired
environment, cartilage repair is hampered.®-% The fact that
we found 1 study with beneficial effects for nondegenera-
tive cartilage defects over degenerative defects confirms
this rationale. Namely, degenerative defects are probably
either older traumatic defects or an early expression of
osteoarthritis due to malalignment, for instance. Also, pre-
vious surgeries were shown to be harmful in 4 of the 6 stud-
ies, again highlighting the importance of a jeopardized/
catabolic joint homeostasis.®

Gender did not show a significant effect on the outcome
in 5 of the 7 studies. Two studies showed a better outcome
for men, mostly based on subgroup analyses. The use of
existing PROMs for comparing differences in outcome
between various genders is debatable in general. Women
and men may interpret their complaints differently, often
resulting in worse outcome for women.®” Current PROMs
do not correct this effect.

As for a higher preoperative activity level, the effect on
the outcome is questionable as there was both a study show-
ing an effect by preoperative activity and a study showing
no effect.

For smoking, the mentioned studies (average group size
N = 99) only specify the absence of a significant correlation
between smoking and the response shift and clinical out-
come. This is in contradiction to the study of Kraus et al.,%
which found significantly worse postoperative PROMs for
smoking patients after arthroscopic partial meniscectomy.
We postulate that this difference is perhaps due to more
impairment of the micro-vascularization of the meniscus
compared with the high blood flow in trabecular bone.

The results for concomitant knee surgery, in both cases
reconstruction of the anterior cruciate ligament, found no

significant difference. However, we postulate that the
results could have been worse without ligament recon-
struction due to increasing shear forces on the repair
tissue.

Limitations

The limitations of this study lie predominantly in the poor
quality and/or absence of the reporting of effect sizes, such
as a correlation and an odds ratio. Furthermore, a wide vari-
ety of PROMs and outcome measures were used (Visual
Analog Scale [VAS], KOOS, Lysholm, IKDC, Oxford,
Western Ontario and McMaster Universities Arthritis Index
[WOMAC], NAS-P, NAS-F). Combined, it was not possi-
ble to pool data and perform a classical meta-analysis.
Being unable to pool the data was a limitation in itself.
Therefore, the evidence was weighed based on the fraction
of papers reporting a significant effect of the prognostic fac-
tor. With this approach, a higher risk of bias is unavoidable.
Two factors should be considered: especially the smaller
sized studies may have been underpowered for the detec-
tion of the prognostic factors, as the prognostic factors were
rarely the main outcome variable in the studies, and there-
fore in no study a power analysis was performed for the
prognostic factors. Second, for the same reason, a publica-
tion bias could be present. While the used PROMs slightly
differ, they all aim to measure clinical satisfaction and func-
tion of the knee. Therefore, they are highly correlated and
are therefore interchangeable in a linear regression analysis.
This can also be found in the studies that reported correla-
tions of one factor to multiple PROMs: all results were in
agreement. For example, the relation between age and either
Lysholm or Oxford score resulted in correlation coefficients
of r = 0.623 and r = 0.615, respectively.

Recommendations

Most factors that are discussed above may already be in
consideration in standard practice. Therefore, it is surpris-
ing that there is little research specifically aimed at testing
these assumptions. That the results confirm the general
assumptions could therefore also be enhanced by publica-
tion bias. This may be partly due to the large variations
between patients, as cartilage defects often present with
concomitant injuries. This makes it difficult to isolate prog-
nostic factors. For the future, more research dedicated at
investigating the impact of prognostic factors, optimally in
larger cohorts, on clinical outcome is highly recommended.
Furthermore, reportage of effect sizes should be standard
practice to enable meta-analysis. Larger registries that com-
bine data from various sources, such as the German Knorpel
Register, could be used in future validation studies.®® The
results from this review can be used to determine the vari-
ables of interest.
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The results of this review indicate that the best prognosis
for microfracture is for patients with cartilage defects smaller
than 2 cm?, situated on the medial femoral condyle, that are of
nondegenerative origin in healthy normal-weight patients
younger than 40 years with less than 12 months of complaints.
In clinical practice, this is a rare encounter. However, the alter-
natives (either conservative or with other surgical techniques)
may share up until some extend the same risk factors.
Comparative studies may therefore need to differentiate in
population to find the best treatment for each subgroup and
with increasing data availability work toward individual treat-
ment advises. Ultimately, combining large-scale data collec-
tions with advanced data analysis holds the premise of
fine-tuning the treatment algorithms based on patient factors,
lesion characteristics, and clinical indications.

Finally, one of the key messages and recommendations
which follows from this article is to emphasize the impor-
tance of the reporting of effect sizes, also for secondary out-
come measure analysis.

Conclusion

In conclusion, the overall evidence regarding prognostic
factors and their influence on clinical outcome is incom-
plete and possibly influenced by bias.

However, based on the reported evidence, the best prog-
nosis after microfracture is for patients with lower age,
smaller lesion size, a shorter preoperative symptom dura-
tion, a nondegenerative mechanism of injury, and a single
lesion. Patients of previous surgery on the ipsilateral knee,
especially meniscectomy and anterior cruciate ligament
reconstruction, were indicated to be at risk. Taken together,
the indication to perform microfracture is perhaps much
smaller than reflected by current clinical practice. As to
lesion location, gender, BMI, preoperative activity level,
smoking, and concomitant knee surgery, the included arti-
cles are inconclusive or there is a lack of evidence. To deter-
mine effect sizes, better reporting is needed.

This study also highlights the need for collaboration on
national and international level in the form of registries to
generate larger data sets concerning cartilage repair.
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