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Abstract

Background/Aims: In recent years, significant progress has been made in treating cartilage
lesions, leading to various techniques aimed at articular surface regeneration. However, the
impact of patient age on treatment outcomes remains understudied, despite its recognized
influence on effectiveness. Many studies impose upper age limits, resulting in limited data
on middle-aged patients, a group frequently undergoing cartilage repair. Age-related physi-
ological changes, including a decline in regenerative capacity and alterations in proteoglycan
composition, are believed to affect treatment success. This study investigates the clinical out-
comes of cartilage repair in patients aged 45 to 60, specifically evaluating the effectiveness
of microfracture combined with Hyalofast membrane implantation. Methods: Patients aged
45-60 undergoing microfracture with Hyalofast membrane implantation were evaluated.
Short- and medium-term outcomes were assessed using the KOOS and SF-36 questionnaires
preoperatively and at 6- and 12-month follow-ups. Functional evaluations and MRI analyses
were conducted by expert reviewers. Additionally, an intensive rehabilitation program was ini-
tiated immediately post-surgery. Statistical analysis was performed using a one-way repeat-
ed-measures ANOVA to compare preoperative, 6-month, and 12-month results, with Tukey's
post-hoc test applied for multiple comparisons. Clinical significance was assessed using Co-
hen's d effect size, with standard thresholds for small, medium, and large effects. Results: The
combined microfracture and Hyalofast membrane approach, along with early rehabilitation,
yielded promising results. Key benefits included reduced inflammation, improved membrane
integration, and decreased subchondral edema. Conclusions: These findings support the fea-
sibility of this treatment strategy, highlighting its potential to enhance joint function, alleviate
pain, and improve the overall quality of life in middle-aged patients. © 2025 The Author(s). Published by
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Introduction

Focal cartilage abnormalities in the knee can cause significant pain and disability [1, 2],
and can affect quality of life to the same level as osteoarthritis (OA) [3]. Because articular
cartilage has limited regeneration capacity, cartilage abnormalities frequently develop to OA
[1] Cartilage abnormalities have thus been identified as a key predictor of total knee arthro-
plasty (TKA) in patients over the age of 45 [4] and therefore the objective of cartilage repair
in middle age is to delay or eliminate the necessity for TKA.

Cartilage aging involves complex molecular processes that gradually impair its struc-
ture and function, reducing its resilience to mechanical stress and increasing susceptibility
to degeneration, including osteoarthritis [5]. These molecular changes affect the extracel-
lular matrix (ECM), cellular functions, signaling pathways, and interactions between carti-
lage and surrounding structures (Fig. 1) [6]. Understanding these mechanisms is essential
for developing therapies to slow cartilage degradation. Proteoglycans, particularly aggrecan,
are vital macromolecules within the cartilage ECM that provide compressive strength and
facilitate water retention, essential for cartilage resilience [7]. Aggrecan consists of a core
protein linked to numerous glycosaminoglycan (GAG) chains, such as chondroitin sulfate
and keratan sulfate [8]. These highly sulfated, negatively charged GAG chains attract cations
and water molecules through osmotic pressure, enabling the tissue to withstand compres-
sive forces [9]. With aging, chondrocytes produce less aggrecan, and GAG chain structures
change, reducing their ability to retain water [10, 11]. Enzymes like chondroitinases degrade
chondroitin sulfate chains more rapidly in aged cartilage, further compromising the matrix
structure [12]. Hyaluronic acid (HA), a large non-sulfated GAG synthesized by hyaluronan
synthases (HAS1, HASZ2, HAS3), act as a backbone for proteoglycan aggregates [9]. Aging re-
duces HAS enzymes expression, lowering HA synthesis [13], while increased hyaluronidas-
es activity fragments HA chains [14]. These shorter HA fragments form weaker aggregates
with aggrecan, destabilizing the ECM and increasing its permeability, leading to essential
ECM components loss and compromised cartilage function [15, 16].The collagen network,
predominantly composed of type II collagen fibrils, provides tensile strength and maintains
the structural framework of cartilage [17]. Type IX and XI collagens cross-link with type II
collagen to stabilize the fibrillar network [18]. Aging reduces type II collagen synthesis and
increases type I collagen expression, which is less suited to cartilage function [19]. Collagen
degradation is driven by matrix metalloproteinases (MMPs), particularly MMP-1 (collage-

Fig. 1. Molecular Changes in Cartilage Aging and Mechanical Loading.
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nase-1), MMP-3 (stromelysin-1), and MMP-13 (collagenase-3) [20]. MMP-13, wich specifi-
cally degrades type II collagen, is highly upregulated in aging cartilage [21]. MMP expression
is regulated by inflammatory cytokines (e.g., IL-1, TNF-a) and oxidative stress, which acti-
vate transcription factors like NF-kB and AP-1 [22]. Advanced glycation end-products (AGEs)
accumulate in collagen fibers through non-enzymatic reactions, forming cross-links that in-
crease stiffness and reduce solubility [23]. AGEs interfere with normal collagen turnover, re-
ducing susceptibility to collagenases and impairing ECM remodeling by chondrocytes [24].
These modifications weaken cartilage, making it less able to distribute loads and more vul-
nerable to microdamage [25]. Chondrocytes, the sole cellular component of cartilage, main-
tain ECM homeostasis by balancing synthesis and degradation [26, 27]. Aging chondrocytes
undergo senescence, characterized by irreversible growth arrest, resistance to apoptosis,
and the development of a senescence-associated secretory phenotype (SASP) [28]. Senes-
cent chondrocytes exhibit high levels of cell cycle inhibitors (e.g. p16~INK4a and p21~CIP1)
and accumulate DNA damage markers like y-H2AX [29]. The SASP involves the secretion of
pro-inflammatory cytokines (e.g., IL-6, IL-8), chemokines, growth factors, and proteases that
create a pro-inflammatory microenvironment and promote ECM degradation [30]. Senes-
cent chondrocytes increase production of MMPs and a disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTS), particularly ADAMTS-4 and ADAMTS-5, which de-
grade aggrecan [31]. At the same time, anabolic genes expression, including COL2A1 (type
I collagen) and ACAN (aggrecan), declines due to transcriptional and epigenetic changes.
This shift toward catabolism accelerate ECM breakdown [32, 33]. Oxidative stress results
from an imbalance between the production of reactive oxygen species (ROS) and antioxidant
defense capacity [34]. Chondrocytes generate ROS, such as superoxide anion (0,¢7), hydro-
gen peroxide (H,0;), and hydroxyl radicals (¢OH), through mitochondrial electron transport
chain leakage, NADPH oxidase activity, and inflammation. Aging impairs mitochondrial func-
tion, leading to increased ROS production and reduced ATP synthesis [35, 36]. ROS damage
proteins, lipids, and DNA, impairing cellular functions and activating stress responses [34].
ROS-induced DNA damage triggers pathways involving p53 and other tumor suppressors,
promoting cellular senescence. Additionally, ROS activate transcription factors like NF-xB
and AP-1, which enhance the expression of pro-inflammatory cytokines (IL-1f, TNF-a), che-
mokines, and MMPs, creating a feedback loop that exacerbates oxidative stress and inflam-
mation [37-39]. Chondrocytes have antioxidant systems, including superoxide dismutases
(SOD1, SOD2), catalase, glutathione peroxidase, and thioredoxin reductase, which neutralize
ROS. However, these defenses weaken with age, increasing susceptibility to oxidative dam-
age and accelerating cartilage degeneration [40, 41].

Aging cartilage exhibits chronic inflammation, often termed “inflammaging”, charac-
terized by increased cytokines, chemokines, and degradative enzymes. Key mediators like
IL-18 and TNF-a disrupt ECM homeostasis by stimulating MMPs and aggrecanases while
inhibating anabolic pathways such us transforming growth factor-beta (TGF-f8) and insulin-
like growth factor-1 (IGF-1)[42, 43]. These cytokines activate NF-kB, MAPKs and JAK/STAT
pathways driving inflammation and ECM degradation. Additionally, they induce nitric ox-
ide (NO) production via inducible nitric oxide synthase (iNOS) and prostaglandin E, (PGE;)
via cyclooxygenase-2 (COX-2), contributing to chondrocyte apoptosis and further cartilage
breakdown [35, 38, 44]. Mechanical loading regulates cartilage health via mechanotransduc-
tion—converting mechanical forces into biochemical signals. Chondrocytes sense mechani-
cal stimuli through integrins, ion channels and cytoskeletal components. Integrins link the
ECM to the intracellular actin cytoskeleton, activating signaling pathways such as PI3K/Akt
and ERK, which support chondrocyte survival and ECM synthesis [45-48]. Stretch-activat-
ed ion channels (SACs), including TRPV4 and Piezo channels (Piezol and Piezo2), mediate
calcium influx in response to mechanical stress. Intracellular calcium regulates cytoskeletal
reorganization, gene expression, and anabolic activities essential for cartilage maintenance.
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However, aging impairs mechanosensitive ion channels declines, leading to defective calcium
signaling and reduced chondrocyte responsiveness. Excessive mechanical stress activates
p38 MAPK and JNK, upregulating catabolic enzymes and inflammatory mediators. Calcium
overload can also trigger chondrocyte apoptosis via mitochondrial pathways [49-53]. The
subchondral bone-cartilage interface is crucial for joint function. Aging increases subchon-
dral bone stiffness, sclerosis, and microcracks, altering cartilage’s mechanical environment
and promoting degradation [54-56]. Biochemical signals from subchondral bone cells, such
as sclerostin and DKK1, inhibit the Wnt/B-catenin signaling in chondrocytes, impairing car-
tilage repair mechanisms. Altered vascularization and nutrient supply due to subchondral
bone changes further contribute to cartilage degeneration [57-59]. Epigenetic changes, in-
cluding DNA methylation, histone modifications, and non-coding RNA, regulate gene expres-
sion in aging cartilage. Methylation of anabolic genes (COL2A1 and ACAN) suppresses their
expression, while demethylation of catabolic genes (MMP-13 and ADAMTS-5) promotes
ECM degradation. Age-related alterations in histone modifications and miRNA profiles fur-
ther contribute to cartilage degeneration [24, 60-64].

Treatment of cartilage lesions has made tremendous progress in recent years. Many
techniques for regenerating the articular surface have been developed and positive out-
comes have been validated at mid- and long-term follow-up examinations. Palliative treat-
ments (such as chondroplasty), a wide range of regenerative procedures with varying de-
grees of complexity, and several bone-based cartilage resurfacing techniques are now in use.
Bone marrow stimulation (BMS) procedures such as abrasion arthroplasty (AA), microfrac-
ture (MF) [2, 65-68], and autologous matrix-induced chondrogenesis (AMIC) are examples
of regenerative therapies [1]. Autologous chondrocyte implantation (ACI) [69-73] and bone
marrow aspirate concentration (BMAC) [74-76] are all cell-based procedures. Biological
cartilage reconstruction, through osteochondral autograft transplantation and osteochon-
dral allograft transplantation (OCA) [69, 77] as well as metallic and biosynthetic cartilage
reconstruction through focal knee resurfacing implants (FKRIs) [78, 79], are all considered
bone-based techniques because they rely on osseointegration rather than chondrogenesis
[80]. These treatments together cover the current range of surgical options for cartilage
restoration. However, these therapies do not usually consider the patient’s age [2, 81-83],
and not all patients can be treated with these therapies with good results [69, 84]. Age has
become one of the most commonly recognized features that is critical for treatment effec-
tiveness [70-72, 85]. An upper age restriction is frequently used as an inclusion criterion
in available studies evaluating the effectiveness of cartilage repair [86]. Despite the fact that
52% to 60% of cartilage procedures are performed on patients aged 40 to 60 years [2, 87],
but common age limit for cartilage reconstruction surgery presented in the literature is 40
years (the ideal patient)[65, 72, 88]. As a result, middle-aged patients are underrepresented
in research. Some studies have found that older patients perform poorly [70-72, 85]. It is
hypothesized that aging has an adverse effect on articular cartilage by reducing its unique
ability to regenerate [88]. The structure and composition of proteoglycans in cartilage also
vary with age, reducing chondroitin sulfate concentration and the length of hyaluronate fila-
ment [70, 89]. These age-related changes may support an adverse reaction to treating older
patients, while the true impact of these biological changes on patient symptoms and treat-
ment outcomes remains still unknown [70]. One significant challenge in evaluating treat-
ment outcomes in older patients is the reliance on patient-reported questionnaires, which
are the most commonly used tools for assessing functional improvement. These question-
naires have limitations because lower scores in older patients may reflect age-related dif-
ferences in baseline function rather than treatment efficacy. This introduces a potential bias,
as healthy older individuals typically score lower than younger counterparts, even in the
absence of pathology. Additionally, an active lifestyle plays a crucial role in cartilage repair
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outcomes [70].

An alternative approach for middle-aged and older patients involves regenerative ther-
apies. Literature suggests that, in contrast to bone marrow stimulation techniques, which
often exhibit reduced effectiveness in older patients due to declining therapeutic potential
with aging, regenerative techniques may offer better outcomes in this patient group [65, 70].
Cell cultivation on scaffolds can lead to the activation of anabolic factors, inducing chondro-
cyte differentiation and reducing the expression and production of molecules involved in
cartilage degeneration. This supports the potential use of bioengineered tissues to facilitate
tissue repair, particularly in the treatment of older patients [70], such as the Hyalofast mem-
brane used in this study. Consequently, autologous matrix-induced chondrogenesis (AMIC)
has become popular in recent years. This approach involves the implantation of a biodegrad-
able scaffold with microfractures. Due to its cost-effectiveness and efficiency, this method is
increasingly used, with emerging clinical results indicating significant improvement in func-
tion and quality of life over medium- and long-term follow-up periods [90-93].

Among commercially available biocompatible scaffolds for cartilage repair, Hyalofast,
which is also utilized in this study, stands out due to its three-dimensional structure and
its bioactivity, biocompatibility, and biodegradability. It forms a matrix that serves as struc-
tural support for mesenchymal stem cells released by stimulated bones. Hyalofast promotes
the proliferation and differentiation of these cells into chondrocytes. Moreover, during the
degradation of this membrane, a higher amount of hyaluronic acid is released, creating a
microenvironment that further facilitates the regeneration of damaged cartilage [90, 91, 94].
Currently, limited studies evaluate the short- and medium-term outcomes of treating knee
chondral lesions with microfractures in combination with hyaluronic acid scaffold implanta-
tion, considering the wide variety of biological scaffolds available. This study aims to assess
short- and medium-term clinical outcomes in patients aged 45 to 60 years with grade 1V
knee chondral lesions who underwent microfractures with hyaluronic acid scaffold implan-
tation. Additionally, patients initiated an intensive rehabilitation program on the first day
after the surgery. The outcomes were evaluated using subjective assessments by patients
through two questionnaires (KOOS and SF-36) before the surgery, and at 6 and 12 months of
follow-ups, alongside functional evaluation and MRI observations conducted by a qualified
team. We hypothesize that the use of hyaluronic acid scaffolds and microfractures will lead
to satisfactory clinical outcomes and facilitate an early return to daily activities in middle-
aged patients.

Materials and Methods

Patient selection

The ICRS classification was used to categorize the patients for the surgery. A group of 16 middle-aged
patients (8 men and 8 women; age range: 45-60 years; mean age: 5518 years) had cartilage repair surgery.
All of the patients were active both physically and profession-
ally. As a result of traumatic damage, all patients developed
lesions in the medial femoral condyle (MFC) (100%) and the
laterial femoral condyle (LFC) (100%). The longest period of

Table 1. Characteristics of the patients
included in the study

observation was 48 months (range: 24-48 months). Table 1 Knee joint n=16
summarizes the characteristics of the patients involved in the ~ A8€ MeaniS_D_ 55+8
research. Sporting activity
Medium 18
Gender F/M 8/8
The research’s inclusion criteria were active middle-aged / /
. . . . . Cause of damage
patients with IV grade articular cartilage degeneration who Traumatic 16
needed surgery. Patients under the age of 40 or above the age Non-traumatic 0
of 60 were excluded, as were those with muscular problems Location of the lesion
such as myasthenia gravis, progressive malnutrition, and pe- LFC 16
riodic paralysis. Patients who refused to comply with therapy MFC 16

or refused to rehabilitate in the clinic under supervision were _Size of the lesion [cm?] ~ 15-25 mm
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also excluded. Patients with abnormal bleeding or coagulation function, incomplete follow-up, imaging data,
or a follow-up duration of less than 6 months were also barred from participation.

In this study, patients had a surgical intervention to deal with cartilage regeneration, which included
the use of a Hyalofast membrane (Anika Therapeutics Inc., Bedford, MA, USA), microfractures, and tissue
glue stabilisation. A comprehensive physical exam and MRI were conducted prior to surgery. During the
examination, the patients had significant effusion, pain, and limited range of motion in the afflicted knee
joint. The Lachmann and pivot shift tests gave positive results. The attending physician referred the patients
for surgery after MRI (SIGNA 1.5T HDx; GE HealthCare Technologies Inc., Chicago, IL, USA) evaluation of the
size and location of the lesion, assessment of pain intensity, and verification of the failure of conservative
therapy. All patients who took part in the trial provided written informed consent.

Operation procedure

All surgical operations were conducted under general anesthesia by the same surgical team and physi-
cian. The procedure began with the placement of two anteromedial and anterolateral portals, followed by
an extensive examination of the joint structures. After carefully removing the injured tissue, the size of the
cartilage defect was assessed, and microfracture was done using specialized equipment at the base of the
defect. The location had been cleansed for optimal visibility prior to the implantation of the Hyalofast mem-
brane. The defect was filled with the patient’s blood before inserting a cannula and spreading a Hyalofast
membrane across the surface using a needle and probe. After stabilizing the scaffold, the defect was filled
with the individual’s blood sample and the Hyalofast membrane was fixed in place using TISSEEL Lyo tissue
glue (Baxter International Inc., Deerfield, IL, USA). Patients were given anticoagulant medication after sur-
gery (Neoparin 0.4/0.6 once daily for 20 days; SCIENCEPHARMA SP. Z 0.0. SPK., Warsaw, Poland). Further-
more, antibiotics (Clindamycin 600, every 8 hours; MIP PHARMA POLSKA SP. Z 0.0., Gdask, Poland) were
given for two weeks. It's worth highlighting that no joint punctures or drains were used over the course of
the therapy.

Follow-up evaluation

The research investigation intended to examine the treatment outcomes of individuals who had under-
gone surgery by comparing their preoperative status to a functional evaluation performed during follow-up
visits. Before and after surgery, patients were requested to complete the SF-36 and Knee Osteoarthritis
Outcome Score (KOOS) questionnaires. KOOS is an integrated test composed of five subscales that assess
the intensity of pain (PAIN), symptoms (SYMPTOMS), daily living function (ADL), sports and recreational
activity function (SPORT/REC), and quality of life (QOL) [95]. The SF-36 was developed to assess patients’
overall health and well-being, and it consists of eight areas that examine physical and mental performance
function [96]. Furthermore, cartilage regeneration was examined using 1.5 T MRI images after an average
of 6-8 weeks, 6 months, and 1 year. MRI offers a multidimensional examination of the joint with excellent
sensitivity to soft tissue, allowing for an accurate assessment of the cartilage and its rebuilding process dur-
ing subsequent follow-up visits [97, 98].

Rehabilitation protocol

During the post-operative rehabilitation time, no orthoses or external supports were needed. To treat
edema and discomfort, a highly effective cooling system and compression stockings (GAME READY knee
wrap (CoolSystems, Inc., Alpharetta, GA, USA), along with a regenerating and massaging system (Normatec
(Hyper Ice, Inc,, Irvine, CA, USA)) were applied. Rehab started with full weight bearing on the first surgi-
cal day, supported by elbow crutches. The crutches were taken away seven days later, and the patient’s full
range of motion was maintained. The program for rehabilitation includes training with resistance, eccen-
tric-concentric exercises, and full-body weight exercises, with an emphasis on improving both the erec-
tor and flexor muscles of the knee and increasing flexibility and range of motion. In unstable conditions,
proprioception tasks were also incorporated. The workout routine, which included manual exercises, was
supervised by a physiotherapist. Within three weeks resulting from surgery, the patients began preliminary
training sessions under the supervision of a physiotherapist and a physician.

105



Cellular Physiology Cell Physiol Biochem 2025;59:100-115

DOI: 10.33594/000000760 © 2025 The Author(s). Published by

and BiOChemiStry Published online: 28 February 2025 |Cell Physiol Biochem Press GmbH&Co. KG

Kacprzak et al.: Cartilage Repair in Middle Age: Microfracture & Hyalofast Approach

Statistics

The KOOS and SF-36 questionnaire findings were presented as mean values with standard deviation
(SD). To evaluate statistical significance, a one-way analysis of variance (ANOVA) with repeated measures
was performed to compare the differences between three time points: before treatment, 6 months after, and
12 months after. If the probability value (p) was less than 0.05, the results were considered statistically sig-
nificant. To determine which time points significantly differed from each other, a Tukey’s post-hoc test was
conducted. This test was chosen due to its robustness in handling multiple comparisons while controlling
the family-wise error rate. To assess the clinical significance of the observed differences, Cohen’s d effect
size was calculated for each comparison. The interpretation of Cohen’s d was based on standard thresholds
(Small effect: 0.20 < d < 0.50; Medium effect: 0.50 < d < 0.80; Large effect: d = 0.80)

Results

KOOS and SF-36 scale

The outcomes of patient assessments, as measured by two different questionnaires -
KOOS and SF-36 are presented below. Tables 2 and 3 show the overall outcomes for every
patient. The assessment of patients’ health status and quality of life using the KOOS and SF-
36 questionnaires at six-month and one-year postoperative follow-up demonstrated a sub-
stantial improvement. The results showed favorable increases in a variety of parameters, in-
cluding pain, symptoms, everyday activities, and sports-related metrics, indicating an overall
improvement in patients’ well-being. The KOOS questionnaire results showed a significant
improvement in all examined parameters. There was a substantial difference between the
pre-surgery scores and those reported at the six-month and one-year follow-up examina-
tions, showing that the surgical intervention was beneficial in improving patients’ health.

Table 2. Comparison of preoperative and postoperative result from KOOS questionnaires for all patients.
Abbreviations: SD - standard deviation, *=statistical significance (p<0.05)

. Six months One year . L
Preoperative . ) Statistical significance (p)
postoperatively postoperatively

M lue + f half f

KOOS Score ean vaiue Mean value + SD Mean value + SD (before / halfa (before / one
SD year) year)

Patients (n) 16 16 16
Pain intensity 6213 98+3 97+3 * *
Symptoms 44+5 96+5 9745 * *
Activities of daily 6616 100£0 9913 * *
living
Sport/Rec 25+13 99+2 91+13 * *
Quality of life 36+17 76+9 74+13 * *

Table 3. Comparison of preoperative and postoperative results from the SF-36 questionnaires for all
patients. Abbreviations: SD - standard deviation, *=statistical significance (p<0.05)

. Six months One year . R
Preoperative . . Statistical significance (p)
postoperatively postoperatively
¥
SF-36 scale Mean value £ Mean value + SD Mean value + SD (before / halfa (before / one
SD year) year)
Patients (n) 16 16 16
Physical
ysica 47+28 93420 9644 . *
Function
Role Physical 71+37 81+23 80+23 * *
Bodily Pain 53+26 81£13 84+16 * *
General Health 68+27 7412 69+11 * *
Vitality 62+15 65+13 67+9 * *
Social Function 70+27 86+18 89+14 * *
Role of
oo 7529 88115 8720 * *
Emotional

Mental health 53+21 70+11 6810 * *
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Notably, the overall quality of life, as assessed by the KOOS scale, increased significantly, con-
firming the positive influence of the operation on patients’ well-being. Similarly, significant
differences in several subscales were seen in the SF-36 questionnaire findings between the
preoperative evaluation and the six-month and one-year postoperative evaluations. Changes
were detected across all parameters measured by the SF-36 questionnaire at both time pe-
riods. The most significant increase was shown in the physical function area, showing a sig-
nificant improvement in the patients’ ability to engage in physical activities. However, many
characteristics, such as physical role, general health, emotional role, and mental health, had
slightly lower ratings at the one-year follow-up compared to the six-month follow-up. These
findings point to the necessity for ongoing monitoring and possibly intervention in certain
areas (particularly physiotherapy and exercise) in order to maintain and enhance patients’
overall health and well-being.

The Cohen’s d results for KOOS questionnaires indicate that there was a large effect
size observed across all measured domains—pain, symptoms, activities of daily living (ADL),
sports/recreation, and quality of life (QOL)—both at 6 months and 12 months post-treat-
ment. This suggests that the intervention led to significant and sustained improvements in
all assessed aspects over time.

The Cohen’s d results for SF-36 questionnaires indicate the effect sizes of treatment
outcomes at 6 months and 12 months across various health domains:

o Sustained large improvements were observed in Physical Function, Body
Pain, and Mental Health, indicating significant benefits that persisted over time.

) Role-Physical, Vitality, and Role Emotional showed medium effects at both
time points, suggesting moderate but stable improvements.

. General Health showed a medium effect at 6 months, but this reduced to
small at 12 months, implying a decline in perceived general health benefits over time.

. Social Functioning improved from medium at 6 months to large at 12

months, indicating progressive benefits in social aspects of life.

Functional assessment

The patient’s post-surgery recovery progress was outstanding, as they were able to re-
sume normal daily activities within three to four weeks (Fig. 2). This suggests a satisfactory
return of functional skills and a rapid postoperative rehabilitation procedure. Thorough as-
sessments were performed during the six and twelve-month follow-up visits to evaluate the
patient’s development. There were no abnormalities in terms of range of motion, edema,
or discomfort in the operated joint, which was encouraging. These data indicate that the
therapy intervention had a long-term favorable influence on the joint, allowing the patient to
restore full mobility and function without any problems or side consequences. Joint mobility
has been restored, which is necessary for carrying out everyday tasks and sustaining an ac-
tive lifestyle. Furthermore, the lack of edema, or swelling, indicates that the healing process
was effective and that the joint structures healed satisfactorily. Finally, the absence of pain
during the follow-up visits illustrates the treatment’s success in relieving discomfort and
increasing the patient’s overall
quality of life.

Radiological evaluation

To assess the effects of the
therapy, all patients in the re-
search had preoperative and
postoperative magnetic reso-
nance imaging (MRI). The out-
comes obtained from all partici-
pants in the study were consist-
ent. Fig. 3 shows a good example
of these findings. A consider-

able decrease in the inflamma- Fig. 2. Patient during rehabilitation programme.
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tory response in the periosteum was found
when preoperative and postoperative MRI
images of cartilage were compared. The in-
flammatory reaction becomes unnoticeable,
showing that the treatment has successfully
managed the inflammatory process. This
decrease in inflammation is a sign of treat-
ment success and indicates that the condi-
tions are suitable for cartilage regeneration.
Furthermore, postoperative edema was re-
duced as measured by the subchondral layer.
This decrease in subchondral layer edema
is an essential indicator of the healing pro-
cess. The decrease in edema indicates that
wound healing and tissue regeneration are
progressing, which is critical for the effective
repair of cartilage abnormalities.

Discussion

Treating cartilage injuries in the popu-
lation aged >45 remains a substantial clini-
cal issue [99]. When a joint cartilage injury
occurs, the resulting reparative fibrocarti-
lage has poorer biological and biomechani-

cal properties compared to native hyaline

cartilage, and it may undergo degenerative
changes, ultimately leading to osteoarthritis.
For this reason, effective cartilage strategies
are crucial [99, 100].

In this study, cartilage defects were
treated in middle-aged individuals (age range: 45-60 years; mean age: 55+8 years) using
the microfracture technique in combination with Hyalofast membrane. Our findings indicate
that patient above 45 years experienced significant functional improvement, challenging the
notion that age is a contraindication for this treatment. This contradicts previous studies,
which typically report high failure rates of microfractures in older patients [99, 101-103],
likely due to the age-related decline in regenerative potential of chondrocytes [104].

Age-dependent outcomes following microfractures for knee cartilage lesions have been
widely studied. For instance, Steadman et al. [105] observed better outcomes in patients
under 35, while Kreutz et al. [65] reported greater deterioration over time in those above
40. Similarly, Mithoefer et al. [106] and Knutsen et al. [107] found superior results on young-
er patients undergoing microfractures or autologous chondrocyte transplantations. These
findings align with research suggesting that mesenchymal stem cells activity diminishes
with age, potentially impairing cartilage repair [70, 108].

Despite these trends, some studies demonstrates that microfractures can still be ben-
eficial in older populations. Miller’s et al. [109] applied the technique to 81 middle-aged
patients and observed significant improvement, though some required additional proce-
dures. Gobbi et al. [110] also found that while younger athletes had better outcomes, older
individuals still benefited from treatment, suggesting that injury size may be a more critical
factor than age alone.

A key factor distinguishing our study from prior work is the use of a hyaluronic acid-
based scaffold (Hyalofast), which may have contributed to the superior clinical outcomes.
Previous research has shown that scaffolds enhance cartilage regeneration by providing
structural support and facilitating mesenchymal stem cell differentiation [111, 112]. Stud-
ies directly comparing microfractures with and without scaffolds demonstrate that scaffold-

Fig. 3. Preoperative and one-year postoperative
MRI examinations show progress of cartilage
regeneration.
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assisted treatments result in better defect filling and radiological improvement, supporting
our observations [111-114]. Additionally, Tan et al. [93] reported significant health improve-
ments in middle-aged patients treated with Hyalofast, reinforcing our findings.

However, our study has certain limitations. Firstly, the sample size was relatively small,
which may impact the representativeness of the results. Additionally, our observations were
limited to a short-term follow-up, so further studies are needed to evaluate the long-term
effects of this therapy. Moreover, the study did not include a control group treated with mi-
crofractures alone, considering the well-being of the patients and the lower effectiveness of
cartilage defect treatment with microfractures alone in older individuals.

Conclusion

In this study, we evaluated the outcomes of cartilage defect treatment in individuals
aged 45 to 60 using the microfracture technique combined with the Hyalofast membrane.
The primary objective was to assess the efficacy of this approach in improving joint function
and quality of life in this age group. Our findings indicate that cartilage repair in middle-
aged patients is not only feasible but also leads to significant clinical improvements. One of
the key observations was the notable reduction in inflammatory symptoms surrounding the
cartilage defect. Postoperative magnetic resonance imaging revealed that the inflammatory
response was minimal or nearly absent, highlighting the treatment’s effectiveness in modu-
lating inflammation—a crucial factor for tissue healing. Furthermore, we observed that the
Hyalofast membrane successfully integrated with the surrounding cartilage structures, sug-
gesting its potential to enhance cartilage repair and restore joint functionality. Another sig-
nificant finding was the reduction of edema in the subchondral layer, indicating progressive
wound healing. This aligns with expectations, as decreased edema is typically associated
with improved tissue repair and cartilage regeneration. Overall, our results support the use
of microfractures combined with a hyaluronic acid-based scaffold as an effective strategy for
cartilage repair in middle-aged patients, potentially improving long-term joint health and
functional outcomes.
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