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ABSTRACT 

Bony bar formation after growth plate injuries leads to shortening and angulation of the long bone, 

which is considered one of the most critical sequelae affecting animals’ and humans’ lives in adulthood. 

The objective of the present study was to evaluate radiographically the role of using an autologous 

platelet-rich fibrin membrane in regenerating growth plate defects to prevent the formation of bony bars. 

A total of 20 kit rabbits, aged between 6-12 weeks and weighing 500-1100 g, were included in the 

current study. They were experimentally exposed to approximately 551 mm growth plate defects, 

which were filled with an autologous platelet-rich fibrin membrane previously prepared at the time of the 

surgery. A radiological follow-up was conducted weekly at the first, second, third, fourth, sixth, and 

eighth weeks post-surgery to examine the growth plate defect area. The tibial length and angulation were 

measured during this period of the study and compared to the contralateral limb of the same animal. The 

radiological results showed no bony bar formation in most cases and the presence of the growth plate up 

to the end of the study (week 8 post-surgery) in the injured area. In addition, no significant differences 

were identified in the tibial length and angulation of the affected limb in comparison to the contralateral 

limb of the same animal throughout the study. In conclusion, treating serious growth plate injuries by 

PRF membrane may prevent angular deformity and length discrepancy in limbs.
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INTRODUCTION  

  

Bone elongation is the main function of the growth plate located at the proximal and distal ends of long bones (Yu et al., 

2019), and it is considered a weak area due to its composition compared to rigid bone, which renders it more prone to 

injuries, accounting for about 15-30% of the total skeletal system injuries in humans (Sabharwal and Sabharwal, 2018; 

Shaw et al., 2018; Shen et al., 2020). These injuries may lead to the formation of a bony bridge. A bony bar (bony 

bridge) is considered one of the most concerning issues in orthopedics since it can tighten both epiphyseal and 

metaphyseal bones, leading to various deformities such as the angulation and/or shortening of the affected limbs (Shaw 

et al., 2018; Ibrahim and Indra, 2022). These bony bars act as tethers that prevent certain areas of the growth plate from 

expanding (Khoshhal and Kiefer, 2005). Partial damage to the growth plate can result in shortening and progressive 

angular deformation of the bone, and more severe damage can lead to the complete arrest of longitudinal bone growth 

(Zhou et al., 2004). The early signs of bony bar formation are the structural disorganization and development of vertical 

septa, which eventually form the bony bridge, particularly in Salter’s types III and IV (Wattenbarger et al., 2002; Xian et 

al., 2004). Radiological evaluation is used to identify bony and tendentious defects (Majeed and Hussein, 2017; Nazht, 

2019; Hashim and Nazht, 2021) as well as cartilaginous defects (Yu et al., 2019). The growth plate is visible in 

radiographs of immature animals as a radiolucent area between the metaphysis and epiphysis due to its mostly hyaline 

cartilage composition (Kealy et al., 2010; Kazemi and Williams, 2021), and its defects may be seen on radiographs as a 

bony bar, which appears as a radiopaque area at the defect site (Gigante and Martinez, 2020). One of the long bones 

commonly affected by growth plate injuries during adolescence is the tibia, which is clinically evaluated via radiography 

(Tobita et al., 2002; Gültekin et al., 2020). An anteroposterior view of the hind limb best shows the formation of the 

bony bar and helps assess the tibial length and any resulting angulation (Sh et al., 2001; Wang et al., 2023). Various 

materials have been used to prevent bony bar formation in growth plate defects, such as scaffold materials (chitin and 

agarose) (Chen et al., 2003; Li et al., 2004; Azarpira et al., 2015), poly (lactic-co-glycolic acid) (Sundararaj et al., 2015), 

3D-printed materials with or without autologous fat (Cheon et al., 2003; Yu et al., 2022), and autologous grafts (Al-

husseni, 2008), with varying degrees of success. Other materials have also been used to treat cartilage defects, including 

ovine bone marrow-derived mesenchymal stem cells (Al-Mutheffer et al., 2023). However, the above methods have 
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many limitations. These in vitro tissue engineering methods require the harvesting of cells from the patient and thus 

necessitate multiple procedures. Recent studies have attempted to treat growth plate defects by developing biomaterial 

scaffolds incorporating growth factors and stem cells, which may aid in regenerating growth plate defects. 

Platelet-rich fibrin (PRF) is a simple and easily prepared material (Dohan et al., 2006a). PRF is a second-generation 

platelet concentration composed of cytokines, leukocytes, stem cells, and platelets, which acts as a scaffold, supports 

micro-vascularization, and serves as a transport medium for carrying cells, all important for tissue regeneration 

(Temmerman et al., 2018; Dirja et al., 2023).  PRF functions as an autologous fibrin matrix used to enhance bone 

regeneration (Salih and Al-Falahi, 2018; Thanoon et al., 2019), improve tendon repair (Al-Falahi, 2016), and enhance the 

viability, differentiation, and migration of chondrocytes, demonstrating significant potential in cartilage repair (Wong et 

al., 2020; Dirja et al., 2023). A PRF clot is also defined as a fibrin network that traps platelets and leukocytes, and its 

matrix allows the slower and more elongated release of growth factors (Ehrenfest et al., 2009). The growth factors 

present in PRF include the platelet-derived growth factor (PDGF), the insulin growth factor (IGF), the basic fibroblastic 

GF (bFGF), the epidermal GF (EGF), and the transforming growth factor beta (TGF-β). It also contains the stem cells. 

The growth factors may enhance the differentiation and proliferation of chondroblasts (Barbon et al., 2019; Pavlovic et 

al., 2021). 

The regeneration of growth plate defects is still one of the most challenging issues for researchers, as it may affect 

the quality of life for both animals and humans if not properly treated. Therefore, the objective of the current study was 

to radiographically evaluate the effect of employing an autologous PRF membrane in regenerating growth plate defects 

in rabbit models. 

 

MATERIALS AND METHODS  

 

Ethical approval 

Ethical approval was granted before starting the study by the local committee for animal care and use in research at 

the College of Veterinary Medicine, University of Baghdad, Iraq (P-G/2558 dated Nov 11, 2023). 

 

Study design 

The present study included twenty healthy male and female rabbit kits (White New Zealand; aged 6-12 weeks, body 

weight: 500-1100 g). According to Yoshida et al. (2012), their mothers were allocated to private animal houses to 

calculate their ages properly. The reason for using immature animals was to ensure the presence of active growth plates, 

which become ossified upon reaching maturity. All the kits were housed under controlled temperature (22 ± 2Cᵒ) 

conditions, relative humidity (60-65%), 12-hour light-dark cycle, and were fed fresh vegetables (carrots, and lettuce), 

hay, and Alfalfa grass during the entire experiment. Each animal of the total number was considered for the treated and 

control groups: the left limb of each rabbit was exposed to a growth plate defect and then treated with a PRF membrane, 

while the contralateral (right limb) of the same animal served as the control and remained untreated.  

 

Anesthetic protocol    

Rabbit kits were initially anesthetized by intramuscular injection of 2% xylazine hydrochloride at the dosage of 5 

mg/kg. After 10 minutes, ketamine hydrochloride (10%) was administered intramuscularly at a dosage of 35 mg/kg 

(Eesa, 2010). The heart rate was examined by stethoscope, and oxygen saturation was monitored with an oximeter. 

 

Surgical procedure  
The PRF was prepared according to Dohan et al. (2006b) by collecting 3 ml of blood sample via cardiac collection 

during the operation.  The results were then transformed into plain glass tubes (glass tubes without anticoagulants). 

Immediate centrifugation at 3000 rotation per minute (rpm) for 10 minutes yielded three separated layers: red blood 

corpuscles (lower), PRF (middle), and acellular platelet-poor plasma (upper). The PRF was withdrawn with sterile 

forceps from the tube, cutting off the red blood corpuscles and squeezed between two sterile compresses to remove 

excess fluid (Huang et al., 2010). A 105 mm of the produced PRF membrane was used to fill the defect in the left limb 

of each kit (Figure 1A). The left limb was aseptically prepared for the surgery, and then an anteromedial longitudinal 

incision of about 3 cm was performed. The medial collateral ligament was identified and served as a landmark, and the 

growth plate of the proximal tibia was clearly distinguished as a white line, later confirmed by radiography. A drill bit 

with a diameter of 1 mm was perpendicularly directed to the growth plate and parallel to the joint to induce a defect of 

about (551) mm (width, depth, and length, respectively) according to Yu et al. (2019) (Figures 1B and C). Saline 

was irrigated through the drill track to cool and rinse out debris during drilling. The contralateral limb (right limb) of the 

same animal served as the control and was left untreated. Meanwhile, the PRF membrane (10 × 5 mm) (length and 

width, respectively) was inserted into the growth plate defect of the left limb (Figure 1D). Routine closure was 

performed, and antibiotics (Penicillin, 800,000 units administered intramuscularly twice a day for three days post-

surgery) were administered until complete recovery was achieved. Stitches were removed 7-10 days post-surgery. 
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Figure 1. Preparation of the platelet-rich fibrin (PRF) membrane, measurement of the growth plate defect, and insertion 

of the PRF membrane into the growth plate defect in an immature White New Zealand rabbit. A: Platelet-rich fibrin 

membrane used in the defects. B: The length of the growth plate defect is 5mm. C: The width of the growth plate defect is 1 mm. D: 

The 105 mm area of the PRF membrane is inserted (black arrow) into the growth plate defect.  

 
Radiological examination  

An anteroposterior view of both hind limbs was examined after anesthetizing the animal with a DR machine (50 kV 

and 40 mA, Beam Limiting Device [Eco Ray] X-ray machine, Korea). The radiological examinations were conducted 

weekly up to eight weeks post-surgery. The opacity within the growth plate defect (ranging from a clear defect with 

radiolucent opacity to mild, moderate, and complete ossification), the growth plate area (normal, narrower, or wider than 

the adjacent unaffected growth plate), as well as a bony bar, shortening, and angulation of the affected limb (Figure 2) 

were evaluated weekly during the first, second, third, fourth, sixth, and eighth weeks and compared to the contralateral 

limb of the same kits within the population. 

To diminish the effect of rabbit kit sizes on the tibial length measurement, images were calibrated before analyzing 

the tibial length and angle for both the affected and control limbs of each animal individually using ImageJ software 

(1.47v with Java 1.8.0-201). The tibial length was measured as the distance between the tibial distal growth plate and the 

proximal tibial plateau at 50% of the full width, while the tibial angle was assessed as the angle between the leg length 

measure and the average angle across the entire plateau. Tibial length and angle changes were assessed against the 

contralateral limb of the same animal within the whole population in line with Yu et al. (2022). 
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Statistical analysis 

GraphPad Prism 5 (for Windows-Version 5.03) was used for data analysis with descriptive statistics including mean, 

standard deviation, and range as well as paired t-test at the level of p ≤ 0.05. The data passed the normality test using the 

Gaussian distribution (Kolmogorov-Smirmov test with Dallal-Wikinson-Liliefor P value), and all data were confirmed to follow a 

normal distribution (α = 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An anteroposterior (AP) radiograph view of an 

immature male White New Zealand Rabbit. Demonstrating the 

calculation of tibial length (L), identified as the distance between the 

tibial distal growth plate and the proximal tibial plateau at 50% of the 

full width. The tibial angle is measured as the angle formed between 

the length of the limb and the entire plateau (A).  

 

 

RESULTS AND DISCUSSION 

 

Rabbit kits were gradually returned to their feeding and drinking water a few hours after full recovery from anesthesia 

with normal movement and posture. The degree of the growth plate defect induced in this study has been previously 

classified as Salter’s types III and/or IV. For this reason, leaving the defect without treatment would lead to bony bar 

formation as both epiphysis and metaphysis areas are affected (Xian et al., 2004; Jaimes et al., 2014; Yu et al., 2019).  

In the current study, when the left affected limbs were radiographically examined via anteroposterior view pre-

surgery, images showed normal growth plate shape and opacity within the proximal tibial growth plate. However, 

immediately post-surgery, the images showed an obvious defect in all subjects, with a mild increase in its opacity and a 

clear defect area within the proximal tibial growth plate, located medially after applying the PRF membrane (Figure 3). 

The anteroposterior view was also considered for identifying the growth plate defect area in the rabbit model by others 

for determining the changes within the defect (Yu et al., 2022) or the posteroanterior view in humans (Nguyen et al., 

2017). In addition, Salter’s second-degree classification requires an extra view, the lateral view, as the anteroposterior or 

posteroanterior views may not capture miner defects (Chen et al., 2015). 

At the end of the first week, the defect area was visible and widened at the medial aspect of the affected limb in 73% 
of the subjects. Opacity within the growth plate defect remained unchanged at 45.5%, increased mildly at another 45.5%, 

and was significantly higher in 9% of cases treated with the PRF membrane (Figure 4A). Widening of the growth plate 

after trauma has been identified as indicative of a growth plate defect (Nguyen et al., 2017). Moreover, others have noted 

that irregularities in growth plate edges might also be associated with the widening of the growth plate after injury, 

indicating a growth plate defect, which is often diagnosed through more accurate techniques such as magnetic resonance 

imaging (MRI) (Jawetz et al., 2015) since radiography is less precise in detecting minor or early defects, such as fibrous 
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bar (Ecklund and Jaramillo, 2001; Jawetz et al., 2015). Furthermore, the anti-compression pad effect of the PRF 

membrane observed in this study might initially result in high opacity within the defected area. 

By the second week post-surgery, 29% of cases of defect treated with PRF membrane retained visible defect 

borders, while 71% exhibited slight narrowing of the defect compared to the contralateral limb of the same animal. 

Radiographically, moderate opacity was observed in 57% of cases, mild opacity in 14%, and no detectable opacity in 

29% (Figure 4B). The opacity and narrowing area of the growth plate defect, observed in about 71% of cases, possibly 

demonstrates the existence of the PRF membrane as a pad. However, the effect of releasing platelet-derived growth 

factor-AB (PDGF-AB) continues until the beginning of the second week to stimulate chondrocyte proliferation (He et 

al., 2009; Xiao et al., 2014; Kobayashi et al., 2016). Others referred to the PRF as a biological tool that delivers growth 

factors and cytokines to the site of injury, representing its role in the proliferation and differentiation of chondrocytes in 

vitro and its important role in cartilage repair (Brandl et al., 2010). This likely explains the high percentage of opacity in 

more than two-thirds of the population observed in the present study.    

Both the third and fourth weeks post-surgery in the treated groups showed the existence of the growth plate defect 

radiographically, with no obvious higher opacity at about 57%. However, the remaining 43% exhibited higher opacity. 

On the other hand, the results of the area of the growth plate defect paralleled the opacity results, showing a slight 

narrowing in 57%, while 43% displayed a normal growth plate area (Figure 4C). It is hypothesized that the PRF 

membrane persisted up to the fourth week, explaining the continued opacity up to the fourth week. Previous studies have 

also indicated that the PRF membrane can remain functional for up to four weeks in experimental models (He et al., 

2009). 

By the sixth week post-surgery, the growth plate defect treated with the PRF membrane showed a normal growth 

appearance with no opacity in about 57% of the total population. The remaining 4343%, however, lacked clear 

radiographic identification of the growth plate but showed no evidence of bony bar formation (Figure 4E). Moreover, by 

the end of the work (the 8th-week post-surgery), approximately 57% of the cases displayed normal growth plate 

appearance without increased opacity, while 43% 

had some opacity and a narrow growth plate defect 

area (Figure 4F).  

It is believed that the PRF membrane did not 

function as a decompressed pad by the 8th-week 

post-surgery but acted as a regenerative material as 

more than half of the total number of the treated 

group showed the existence of the growth plate by 

the eighth week. To explain the above, the 

decompressing effect of the PRF membrane should 

be ended by Week Four, as it has been suggested 

by others that the PRF membrane exists for a 

maximum of four weeks within the body after 

implantation (He et al., 2009). Therefore, the 

growth plate was not replaced by the bony bar up 

to the end of the study, which was similarly 

confirmed by Wong et al. (2020). Additionally, 

Dirja et al. (2023), emphasized the role of growth 

factors in PRF membranes in stimulating 

chondrocyte proliferation for improving the repair 

of articular cartilage defects, which was explained 

by the role of PRF in enhancing the viability, 

differentiation, and migration of chondrocytes.  

 

 

Figure 3. The shape of the growth plate in the 

medial part of the proximal tibia of an immature 

White New Zealand rabbit in the anteroposterior 

view. Demonstrating mildly increased opacity and a 

clear defect area after inserting the PRF membrane 

immediately post-surgery.  
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Figure 4. The growth plate defect area of an immature White New Zealand rabbit. The defect area is seen clearly (wide) in 

the first week post-surgery with mildly increased opacity at the medial aspect of the proximal tibial growth plate (A); In the second-

week post-surgery, the defect area is seen slightly narrow with moderately increased opacity (B); the third week represents normal 

growth plate at the medial aspect in comparison to the lateral aspect of the proximal tibial growth plate with no obvious higher opacity 

(C); at the 4th (D), 6th (E), and 8th (F) weeks, the growth plate area appears normal with no obvious signs of bony bar formation from 

the epiphysis and metaphysis and no sign of bony bar formation at the growth plate defect. 
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Figure 5. Anteroposterior view radiograph of an immature male White 

New Zealand rabbit representing the hind limbs eight weeks post-

surgery. L shows the limb length, with no significant difference between the 

left treated limb and the contralateral limb of the same animal, and A shows 

angulation, with no significant difference between the left treated limb and the 

contralateral limb of the same animal, showing no sign of shortening and 

angulation deformities. 



Abd-Alkhaleq and Hussein, 2024 

 

578 

 
Figure 6. Box and whiskered vertical graph (with min-max values) of immature male and female White New Zealand 

rabbits representing the tibial length throughout the study. A: One-week post-surgery, B: Two weeks post-surgery, C: Three 

weeks post-surgery, D: Four weeks post-surgery, E: Six weeks post-surgery, and F: Eight weeks post-surgery. No significant 

differences (p > 0.05) were observed between the treated and contralateral limbs of the same individual White New Zealand rabbit 

kids. LTL: Left Tibial Length; RTL: Right Tibial Length. 
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Figure 7. Box and whiskered vertical graph (with min-max values) showing the angle of the treated limb in comparison 

to the contralateral limb of the individual rabbit kid. There are no significant differences (p > 0.05) between the treated 

and contralateral limbs of the individual White New Zealand rabbit kid. A: One-week post-surgery, B: Two weeks post-

surgery, C: Three weeks post-surgery, D: Four weeks post-surgery, E: Six weeks post-surgery, and F: Eight weeks post-surgery. LTA: 

Left Tibial Angle, RTA: Right Tibial Angle. 
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Radiographic evaluations of limb length and angulation throughout the study showed no significant differences 

between treated and contralateral limbs at eight weeks (P = 0.554 for length, P = 0.097 for angulation; Figures 5, 6, and 

7). When chondrocytes of the iliac crest seeded on demineralized bone matrix as a scaffold were considered by a group 

of researchers, shortening and angulation were also significantly prevented when examined 16 weeks post-treatment (Jin 

et al., 2006). It is believed that the composition of the PRF membrane reduces angulation in the sixth- and eighth weeks 

post-surgery. Nonetheless, the decompressive effect of the PRF membrane during the first weeks may have a great effect 

in preventing the shortening of the limb and its further angulation. In contrast, other studies have used autologous bone 

marrow to treat growth plate defects, resulting in the osseous formation and limb shortening by the third-week post-

surgery (Al-husseni, 2008). McCarty et al. (2010) used autologous bone marrow-derived mesenchymal stem cells 

(MSCs) for growth plate defect regeneration and showed positive results as they referred to the self-renewing and multi-

lineage differentiation features of the mesenchymal stem cells (MSCs) for growth plate regeneration. Tobita et al. (2002) 

cultured autologous chondrocytes in atelocollagen gel and transplanted them into a growth plate defect, demonstrating 

that shortening and angulation were also significantly avoided after examination from 2 weeks up to 52 weeks. 
Chondrocytes implanted in atelocollagen gel may have mechanical properties to prevent a collapse with time and can 

proliferate and synthesize the extracellular matrix (ECM). In the present study, the shortening and angulation of the 

affected left limb is significantly avoided when compared to the contralateral limb in the same animals (P = 0.554). It is 

believed that the PRF membrane has released growth factors that might play a significant role in preventing the bony bar 

and reducing limb deformities. The above finding has also been supported by other studies which pointed to the effect of 

releasing transforming growth factor-β1 (TGF-β1) at the beginning of the third week in line with previous study (He et 

al., 2009) to stimulate the synthesis of ECM by chondrocytes and enhanced cartilage defect repair (van der Kraan and 

van den Berg, 2007). Other researchers used chitin as a scaffold for mesenchymal stem cell (MSC) transplant, which 

may prevent significant angulation as early as 2 weeks up to 16 weeks for shortening after excision growth plate (Li et 

al., 2004). It is probable that polyheterosaccharide found in chitin, similar to glycosaminoglycan (GAG), is structurally a 

major component of the ECM of cartilage. The angulation was also prevented. However, using other materials, such as 

bone wax and tissue-engineered construct (TEC), contributed to the significant prevention of angulation for up to eight 

weeks in rabbits (Yoshida et al., 2012), which is also explained by the significant role of bone wax as a decompressive 

pad from a side with extra positive results for TEC in regenerating growth plate defects. Nevertheless, using transplanted 

allogeneic chondrocytes for repairing growth plate defects may reduce bone angulation and shortening when examined 

for up to 16 weeks (Li et al., 2013). It is believed that these transplanted chondrocytes may release TGF-β1, playing a 

role in the chondrogenesis of bone mesenchymal stem cells (BMSCs) into chondrocytes to repair the injured growth 

plate and preventing collapsed growth plate defects and bony bar formation.  

 

CONCLUSION 

 

The present study suggests that the PRF membrane not only functions as a pad to reduce the possibility of epiphyseal 

and metaphyseal gap compression but also plays a role in regenerating the chondrocytes of the growth plate.  This is 

evidenced radiographically by the prevention of bony bar formation, likely facilitated by the growth factors contained in 

the PRF membrane. In addition, stem cells and the above-said mechanism may play a positive role in cartilage 

regeneration by stimulating chondrocyte differentiation and proliferation, preventing the angulation and shortening of the 

limb. To further enhance the treatment outcomes, it is recommended to combine the PRF membrane with a scaffold, 

which could provide additional rigidity and support in the treatment of growth plate defects.  

 

DECLARATIONS 

 

Acknowledgments  

The authors would like to acknowledge Dr. Human Nazht for his assistance in this study.  
 

Funding  

There is no specific fund received for this study. 

 

Author’s contributions 

Sura H. Abd-Alkhaleq and Aseel Kamil Hussein contributed to the planning and performed the study procedures as 

study design and writing. All authors read and approved the final manuscript. 

 

Competing interests 

The authors declare that they have no competing interests. 



World Vet. J., 14(4): 572-583, 2024 

 

581 

 

 

Availability of data and materials 

The authors confirm that all data supporting the findings of this study are available upon reasonable request. 

 

 Ethical considerations 

This article is not submitted anywhere else, and the findings are analyzed and written under the supervision of all 

authors. All authors wrote the article and checked the last draft of the manuscript for the similarity index. 

 
REFERENCES 

 

AL-Falahi NH (2016). A comparative biomechanical study of repaired tendons wrapped with two biological matrices in Bucks. The 

Iraqi Journal of Veterinary Medicine, 40(1): 73-78.  DOI: https://www.doi.org/10.30539/iraqijvm.v40i1.141 

Al-husseni RS (2008). دراسة شعاعية لتأثير حقن نخاع العظم داخل الثقوب المحدثة في الصفيحة المشاشية القاصية لعظم الفخذ في الكلاب [Radiological study of 

the effect of intraperitoneal bone marrow injections in the distal epiphyseal plate of the femur in dogs]. The Iraqi Journal of 

Veterinary Medicine, 32(2): 159-170. Available at:  https://www.iasj.net/iasj/article/25199 

Al-Mutheffer EAA, Reinwald Y, and El Haj AJ (2023). Donor variability of ovine bone marrow derived mesenchymal stem cell-

implications for cell therapy. International Journal of Veterinary Science and Medicine, 11(1): 23-37. DOI: 

https://www.doi.org/10.1080/23144599.2023.2197393 

Azarpira MR, Shahcheraghi GH, Ayatollahi M, and Geramizadeh B (2015). Tissue engineering strategy using mesenchymal stem cell-

based chitosan scafolds in growth plate surgery: A preliminary study in rabbits. Orthopaedics & Traumatology: Surgery & 

Research, 101(5): 601-605. DOI: https://www.doi.org/10.1016/j.otsr.2015.04.010 

Barbon S, Stocco E, Macchi V, Contran M, Grandi F, Borean A, and De Caro R (2019). Platelet-rich fibrin scaffolds for cartilage and 

tendon regenerative medicine: From bench to bedside. International Journal of Molecular Sciences, 20(7): 1701. Available at: 

https://www.mdpi.com/1422-0067/20/7/1701 

Brandl A, Angele P, Roll C, Prantl L, Kujat R, and Kinner B (2010). Influence of the growth factors PDGF‐ BB, TGF‐ β1 and bFGF 

on the replicative aging of human articular chondrocytes during in vitro expansion. Journal of Orthopaedic Research, 28(3): 354-

360.  DOI: https://www.doi.org/10.1002/jor.21007 

Chen F, Hui JH, Chan WK, and Lee EH (2003). Cultured mesenchymal stem cell transfers in the treatment of partial growth arrest. 

Journal of Pediatric Orthopaedics, 23(4): 425-429.  Available at: 

https://journals.lww.com/pedorthopaedics/fulltext/2003/07000/Cultured_Mesenchymal_Stem_Cell_Transfers_in_the.2.aspx 

Chen J, Abel MF, and Fox MG (2015). Imaging appearance of entrapped periosteum within a distal femoral Salter-Harris II fracture. 

Skeletal Radiology, 44: 1547-1551.  Available at: https://link.springer.com/article/10.1007/s00256-015-2201-x 

Cheon JE, Kim IO, Kim CJ, Kim WS, Yoo WJ, Choi IH, and Yeon KM (2003). Imaging findings after fat graft interposition in an 

injured growth plate: An experimental study in rabbits. Investigative Radiology, 38(11): 695-703.  

DOI: https://www.doi.org/10.1097/01.rli.0000084254.92161.9c 

Dirja BT, Utomo DN, Usman MA, Sakti M, Saleh MR, and Hatta M (2023). Double membrane platelet-rich fibrin (PRF)–Synovium 

succeeds in regenerating cartilage defect at the knee: An experimental study on rabbit. Heliyon, 9(2): e13139. DOI: 

https://www.doi.org/10.1016/j.heliyon.2023.e13139 

Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, Mouhyi J, and Gogly B (2006 a). Platelet-rich fibrin (PRF): A second-

generation platelet concentrate. Part III: Leucocyte activation: A new feature for platelet concentrates? Oral Surgery, Oral 

Medicine, Oral Pathology, Oral Radiology, and Endodontology, 101(3): e51-e55. DOI: 

https://www.doi.org/10.1016/j.tripleo.2005.07.010 

Dohan DM, Choukroun J, Diss A, Dohan SL, Dohan AJ, Mouhyi J, and Gogly B (2006 b). Platelet-rich fibrin (PRF): A second-

generation platelet concentrate. Part I: technological concepts and evolution. Oral Surgery, Oral Medicine, Oral Pathology, Oral 

Radiology, and Endodontology, 101(3): e37-e44.  DOI: https://www.doi.org/10.1016/j.tripleo.2005.07.008 

Ecklund K and Jaramillo D (2001). Imaging of growth disturbance in children. Radiologic Clinics of North America, 39(4): 823-841.  

DOI: https://www.doi.org/10.1016/S0033-8389(05)70313-4 

 Eesa MJ (2010). Evaluation of general anaesthesia by using Propionylpromazine, Xylazine and Ketamine in rabbits. The Iraqi Journal 

of Veterinary Medicine, 34(1): 208-217.  Available at: https://www.iasj.net/iasj/download/70700633b1c8bccb 

Ehrenfest DMD, Rasmusson L, and Albrektsson T (2009). Classification of platelet concentrates: from pure platelet-rich plasma (P-

PRP) to leucocyte-and platelet-rich fibrin (L-PRF). Trends in Biotechnology, 27(3): 158-167.  DOI: 

https://www.doi.org/10.1016/j.tibtech.2008.11.009  

Gigante C and Martinez AIC (2020). Desepiphysiodesis and reconstruction of the distal radial growth plate with an autologous iliac 

crest cartilage graft: a case report and review of literature. Journal of Orthopaedic Case Reports, 10(1): 70.  

DOI:  https://www.doi.org/10.13107/jocr.2020.v10.i01.1642 

 Gültekin A, Ağirdil Y, Duman BÖ, Subaşi C, and Karaöz E (2020). Comparison of mesenchymal stem cell sheets and chondrocyte 

sheets in a rabbit growth plate injury model. Turkish Journal of Medical Sciences, 50(4): 1082-1096.  DOI: 

https://www.doi.org/10.3906/sag-1902-228 

Hashim AM and Nazht HH (2021). Radiological evaluation of the Xeno-bovine bony implantation treated by low level leaser therapy 

in the induced empty femoral space in rabbits-I. Biochemical & Cellular Archives, 21(1): 379-386. Available at: 

https://connectjournals.com/03896.2021.21.379 

https://www.doi.org/10.30539/iraqijvm.v40i1.141
https://www.iasj.net/iasj/article/25199
https://www.iasj.net/iasj/article/25199
https://www.doi.org/10.1080/23144599.2023.2197393
https://www.doi.org/10.1016/j.otsr.2015.04.010
https://www.mdpi.com/1422-0067/20/7/1701
https://www.doi.org/10.1002/jor.21007
https://journals.lww.com/pedorthopaedics/fulltext/2003/07000/Cultured_Mesenchymal_Stem_Cell_Transfers_in_the.2.aspx
https://link.springer.com/article/10.1007/s00256-015-2201-x
https://www.doi.org/10.1097/01.rli.0000084254.92161.9c
https://www.doi.org/10.1016/j.heliyon.2023.e13139
https://www.doi.org/10.1016/j.tripleo.2005.07.010
https://www.doi.org/10.1016/j.tripleo.2005.07.008
https://www.doi.org/10.1016/S0033-8389(05)70313-4
https://www.iasj.net/iasj/download/70700633b1c8bccb
https://www.doi.org/10.1016/j.tibtech.2008.11.009
https://www.doi.org/10.13107/jocr.2020.v10.i01.1642
https://www.doi.org/10.3906/sag-1902-228
https://connectjournals.com/03896.2021.21.379


Abd-Alkhaleq and Hussein, 2024 

 

582 

He L, Lin Y, Hu X, Zhang Y, and Wu H (2009). A comparative study of platelet-rich fibrin (PRF) and platelet-rich plasma (PRP) on 

the effect of proliferation and differentiation of rat osteoblasts in vitro. Oral Surgery, Oral Medicine, Oral Pathology, Oral 

Radiology, and Endodontology, 108(5): 707-713.  DOI: https://www.doi.org/10.1016/j.tripleo.2009.06.044 

Huang FM, Yang SF, Zhao JH, and Chang YC (2010). Platelet-rich fibrin increases proliferation and differentiation of human dental 

pulp cells. Journal of Endodontics, 36(10): 1628-1632.   DOI: https://www.doi.org/10.1016/j.joen.2010.07.004 

Ibrahim MARB and Indra FIPBD (2022). Endoscopic physeal bar resection combined with guided growth using local fat graft 

interposition and post-operative CT assessment for the treatment of genu valgus: A case report. Journal of the Dow University of 

Health Sciences, 16(2): 101-104.  Available at: https://jduhs.jduhs.duhs.edu.pk/index.php/jduhs/article/view/1646  

Jaimes C, Chauvin NA, Delgado J, and Jaramillo D (2014). MR imaging of normal epiphyseal development and common epiphyseal 

disorders. Radiographics, 34(2): 449-471.  DOI: https://www.doi.org/10.1148/rg.342135070 

Jawetz ST, Shah PH, and Potter HG (2015). Imaging of physeal injury: Overuse. Sports Health, 7(2): 142-153.  DOI: 

https://www.doi.org/10.1177%2F1941738114559380 

Jin XB, Luo ZJ, and Wang J (2006). Treatment of rabbit growth plate injuries with an autologous tissue-engineered composite: An 

experimental study. Cells Tissues Organs, 183(2): 62-67.  DOI: https://www.doi.org/10.1159/000095510 

Kazemi M and Williams JL (2021). Properties of cartilage–subchondral bone junctions: A narrative review with specific focus on the 

growth plate. Cartilage, 13(2): 16S-33S.  DOI: https://www.doi.org/10.1177/1947603520924776 

Kealy JK, McAllister H, and Graham JP (2010). Diagnostic radiology and ultrasonography of the dog and cat. Elsevier Health 

Sciences . pp. 351-353. Available at: 
https://books.google.com/books?hl=en&lr=&id=IJ18JUlz9mMC&oi=fnd&pg=PP1&dq=Kealy+JK,+McAllister+H,+and+Graham+JP+(2010).+

Diagnostic+radiology+and+ultrasonography+of+the+dog+and+cat.+Elsevier+Health+Sciences%E2%80%8F.+351-

353+p.+Vailable+at:+https://books.google.com/books%3Fhl%3Dar%26lr%3D%26id%3DIJ18JUlz9mMC%26oi&ots=blq6xWW2SA&sig=Q7G
Bru9bv9wm0ZN-hs5ibRK_IwI 

Khoshhal KI and Kiefer GN (2005). Physeal bridge resection. Journal of the American Academy of Orthopaedic Surgeons, 13(1): 47-

58. Available at: https://journals.lww.com/jaaos/fulltext/2005/01000/Physeal_Bridge_Resection.7.aspx 

Kobayashi E, Flückiger L, Fujioka-Kobayashi M, Sawada K, Sculean A, Schaller B, and Miron R J (2016). Comparative release of 

growth factors from PRP, PRF, and advanced-PRF. Clinical Oral Investigations, 20: 2353-2360. DOI: 

https://www.doi.org/10.1007/s00784-016-1719-1 

Li L, Hui JHP, Goh JCH, Chen F, and Lee EH (2004). Chitin as a scaffold for mesenchymal stem cells transfers in the treatment of 

partial growth arrest. Journal of Pediatric Orthopaedics, 24(2): 205-210.  Available at: 

https://journals.lww.com/pedorthopaedics/fulltext/2004/03000/chitin_as_a_scaffold_for_mesenchymal_stem_cells.14.aspx 

Li WC, Xu RJ, Xue YL, Huang JX, and Gao YH (2013). Treatment of growth plate injury with microencapsulated chondrocytes. 

Biotechnology and Bioprocess Engineering, 18: 655-662. DOI: https://www.doi.org/10.1007/s12257-012-0451-1 

Majeed M and Hussein AK (2017). Estimating the plain and negative tendonography techniques for evaluating injured tendon in 

rabbit. Research Journal of Pharmacy and Technology, 10(6): 1939-1943.  DOI: https://wwwdoi.org/10.5958/0974-

360X.2017.00340.7 

McCarty RC, Xian CJ, Gronthos S, Zannettino AC, and Foster BK (2010). Application of autologous bone marrow derived 

mesenchymal stem cells to an ovine model of growth plate cartilage injury. The open Orthopaedics Journal, 4: 204. DOI: 

https://www.doi.org/10.2174%2F1874325001004010204 

Nazht HH (2019). Using food grate stainless steel rods for internal fixation of transverse fractures in rabbits. Journal of Veterinary 

Science Research, 4(3): 000188. DOI: https://www.doi.org/10.23880/oajvsr-16000188 

Nguyen JC, Markhardt BK, Merrow AC, and Dwek JR (2017). Imaging of pediatric growth plate disturbances. Radiographics, 37(6): 

1791-1812. DOI: https://dwww.doi.org/10.1148/rg.2017170029 

Pavlovic V, Ciric M, Jovanovic V, Trandafilovic M, and Stojanovic P (2021). Platelet-rich fibrin: Basics of biological actions and 

protocol modifications. Open Medicine, 16(1): 446-454. DOI: https://www.doi.org/10.1515/med-2021-0259 

Sabharwal S and Sabharwal S (2018). Growth plate injuries of the lower extremity: Case examples and lessons learned. Indian Journal 

of Orthopaedics, 52: 462-469.  DOI: https://www.doi.org/10.4103/ortho.IJOrtho_313_17 

Salih SI, Al-Falahi NH, Saliem AH, and Abedsalih AN (2018). Effectiveness of platelet-rich fibrin matrix treated with silver 

nanoparticles in fracture healing in rabbit model. Veterinary World, 11(7): 944.  DOI: 

https://www.doi.org/10.14202%2Fvetworld.2018.944-952 

Sh SR, SALH S, and TOWJ J (2001). Effect of epiphyseal plate fenestration on bone growth in dogs. The Iraqi Journal of Veterinary 

Medicine, 25(1): 105-117.  DOI: https://www.doi.org/10.30539/ijvm.v25i1.1152 

Shaw N, Erickson C, Bryant SJ, Ferguson VL, Krebs MD, Hadley-Miller N, and Payne KA (2018). Regenerative medicine 

approaches for the treatment of pediatric physeal injuries. Tissue Engineering Part B: Reviews, 24(2): 85-97.  

DOI: https://www.doi.org/10.1089/ten.teb.2017.0274 

Shen M, Liu S, Jin X, Mao H, Zhu F, Saif T, Zhou R, Fan H, Begeman PC, Chou CC, and Yang KH (2020). Porcine growth plate 

experimental study and estimation of human pediatric growth plate properties. Journal of the Mechanical Behavior of Biomedical 

Materials, 101: 103446.   DOI: https://www.doi.org/10.1016/j.jmbbm.2019.103446 

Sundararaj SKC, Cieply RD, Gupta G, Milbrandt TA, and Puleo DA (2015). Treatment of growth plate injury using IGF‐ I‐ loaded 

PLGA scaffolds. Journal of Tissue Engineering and Regenerative Medicine, 9(12): E202-E209. DOI: 

https://www.doi.org/10.1002/term.1670 

https://www.doi.org/10.1016/j.tripleo.2009.06.044
https://www.doi.org/10.1016/j.joen.2010.07.004
https://jduhs.jduhs.duhs.edu.pk/index.php/jduhs/article/view/1646
https://www.doi.org/10.1148/rg.342135070
https://www.doi.org/10.1177%2F1941738114559380
https://www.doi.org/10.1159/000095510
https://www.doi.org/10.1177/1947603520924776
https://books.google.com/books?hl=en&lr=&id=IJ18JUlz9mMC&oi=fnd&pg=PP1&dq=Kealy+JK,+McAllister+H,+and+Graham+JP+(2010).+Diagnostic+radiology+and+ultrasonography+of+the+dog+and+cat.+Elsevier+Health+Sciences%E2%80%8F.+351-353+p.+Vailable+at:+https://books.google.com/books%3Fhl%3Dar%26lr%3D%26id%3DIJ18JUlz9mMC%26oi&ots=blq6xWW2SA&sig=Q7GBru9bv9wm0ZN-hs5ibRK_IwI
https://books.google.com/books?hl=en&lr=&id=IJ18JUlz9mMC&oi=fnd&pg=PP1&dq=Kealy+JK,+McAllister+H,+and+Graham+JP+(2010).+Diagnostic+radiology+and+ultrasonography+of+the+dog+and+cat.+Elsevier+Health+Sciences%E2%80%8F.+351-353+p.+Vailable+at:+https://books.google.com/books%3Fhl%3Dar%26lr%3D%26id%3DIJ18JUlz9mMC%26oi&ots=blq6xWW2SA&sig=Q7GBru9bv9wm0ZN-hs5ibRK_IwI
https://books.google.com/books?hl=en&lr=&id=IJ18JUlz9mMC&oi=fnd&pg=PP1&dq=Kealy+JK,+McAllister+H,+and+Graham+JP+(2010).+Diagnostic+radiology+and+ultrasonography+of+the+dog+and+cat.+Elsevier+Health+Sciences%E2%80%8F.+351-353+p.+Vailable+at:+https://books.google.com/books%3Fhl%3Dar%26lr%3D%26id%3DIJ18JUlz9mMC%26oi&ots=blq6xWW2SA&sig=Q7GBru9bv9wm0ZN-hs5ibRK_IwI
https://books.google.com/books?hl=en&lr=&id=IJ18JUlz9mMC&oi=fnd&pg=PP1&dq=Kealy+JK,+McAllister+H,+and+Graham+JP+(2010).+Diagnostic+radiology+and+ultrasonography+of+the+dog+and+cat.+Elsevier+Health+Sciences%E2%80%8F.+351-353+p.+Vailable+at:+https://books.google.com/books%3Fhl%3Dar%26lr%3D%26id%3DIJ18JUlz9mMC%26oi&ots=blq6xWW2SA&sig=Q7GBru9bv9wm0ZN-hs5ibRK_IwI
https://journals.lww.com/jaaos/fulltext/2005/01000/Physeal_Bridge_Resection.7.aspx
https://www.doi.org/10.1007/s00784-016-1719-1
https://journals.lww.com/pedorthopaedics/fulltext/2004/03000/chitin_as_a_scaffold_for_mesenchymal_stem_cells.14.aspx
https://www.doi.org/10.1007/s12257-012-0451-1
https://wwwdoi.org/10.5958/0974-360X.2017.00340.7
https://wwwdoi.org/10.5958/0974-360X.2017.00340.7
https://www.doi.org/10.2174%2F1874325001004010204
https://www.doi.org/10.23880/oajvsr-16000188
https://dwww.doi.org/10.1148/rg.2017170029
https://www.doi.org/10.1515/med-2021-0259
https://www.doi.org/10.4103/ortho.IJOrtho_313_17
https://www.doi.org/10.14202%2Fvetworld.2018.944-952
https://www.doi.org/10.30539/ijvm.v25i1.1152
https://www.doi.org/10.1089/ten.teb.2017.0274
https://www.doi.org/10.1016/j.jmbbm.2019.103446
https://www.doi.org/10.1002/term.1670


World Vet. J., 14(4): 572-583, 2024 

 

583 

 

Temmerman A, Cleeren GJ, Castro AB, Teughels W, and Quirynen M (2018). L‐ PRF for increasing the width of keratinized mucosa 

around implants: A split‐ mouth, randomized, controlled pilot clinical trial. Journal of Periodontal Research, 53(5): 793-800.  

DOI: https://www.doi.org/10.1111/jre.12568 

Thanoon MG, Eesa MJ, and Alkenanny ER (2019). Histopathological evaluation of the platelets rich fibrin and bone marrow on 

healing of experimental induced distal radial fracture in local dogs. The Iraqi Journal of Veterinary Medicine, 43(1): 11-20.  

DOI: https://www.doi.org/10.30539/iraqijvm.v43i1.465 

Tobita M, Ochi M, Uchio Y, Mori R, Iwasa J, Katsube K, and Motomura T (2002). Treatment of growth plate injury with autogenous 

chondrocytes. Acta Orthopaedica Scandinavica, 73(3): 352-358.  DOI: https://www.doi.org/10.1080/000164702320155383 

van der Kraan PM and van den Berg WB (2007). TGF-beta and osteoarthritis. Osteoarthritis and Cartilage, 15(6): 597-604.  Available 

at: https://europepmc.org/article/med/17391995 

Wang X, Li Z, Liu J, Wang C, Bai H, Zhu X, Wang H, Wang Z, Liu H, and Wang J (2023). 3D-printed PCL scaffolds with anatomy-

inspired bionic stratified structures for the treatment of growth plate injuries. Materials Today Bio, 23: 100833.  DOI: 

https://www.https://doi.org/10.1016/j.mtbio.2023.100833 

Wattenbarger JM, Gruber HE, and Phieffer LS (2002). Physeal fractures, part I: Histologic features of bone, cartilage, and bar 

formation in a small animal model. Journal of Pediatric Orthopaedics, 22(6): 703-709.  Available at: 

https://journals.lww.com/pedorthopaedics/fulltext/2002/11000/Physeal_Fractures,_Part_II__Fate_of_Interposed.2.aspx 

Wong CC, Ou KL, Lin YH, Lin MF, Yang TL, Chen CH, and Chan WP (2020). Platelet-rich fibrin facilitates one-stage cartilage 

repair by promoting chondrocytes viability, migration, and matrix synthesis. International Journal of Molecular Sciences, 21(2): 

577. DOI: https://www.doi.org/10.3390/ijms21020577 

Xian CJ, Zhou FH, McCarty RC, and Foster BK (2004). Intramembranous ossification mechanism for bone bridge formation at the 

growth plate cartilage injury site. Journal of Orthopaedic Research, 22(2): 417-426.  DOI: 
https://www.doi.org/10.1016/j.orthres.2003.08.003 

 Xiao J, Chen X, Xu L, Zhang Y, Yin Q, and Wang F (2014). PDGF regulates chondrocyte proliferation through activation of the 

GIT1-and PLCγ1-mediated ERK1/2 signaling pathway. Molecular Medicine Reports, 10(5): 2409-2414.  DOI: 

https://www.doi.org/10.3892/mmr.2014.2506 

Yoshida K, Higuchi C, Nakura A, Nakamura N, and Yoshikawa H (2012). Treatment of partial growth arrest using an in vitro-

generated scaffold-free tissue-engineered construct derived from rabbit synovial mesenchymal stem cells. Journal of Pediatric 

Orthopaedics, 32(3): 314-321.  DOI: https://www.doi.org/10.1097/BPO.0b013e31824afee3 

Yu Y, Fischenich KM, Schoonraad SA, Weatherford S, Uzcategui AC, Eckstein K, Muralidharan A, Crespo-Cuevas V, Rodriguez-

Fontan F, Killgore JP et al. (2022). A 3D printed mimetic composite for the treatment of growth plate injuries in a rabbit model. 

Regenerative Medicine, 7(1): 60.  DOI: https://www.doi.org/10.1038/s41536-022-00256-1 

Yu Y, Rodriguez-Fontan F, Eckstein K, Muralidharan A, Uzcategui AC, Fuchs JR, Weatherford Sh, Erickson ChB, Bryant SJ, 

Ferguson VL et al. (2019). Rabbit model of physeal injury for the evaluation of regenerative medicine approaches. Tissue 

Engineering Part C: Methods, 25(12): 701-710.  DOI: https://www.doi.org/10.1089/ten.tec.2019.0180 

Zhou FH, Foster BK, Sander G, and Xian CJ (2004). Expression of proinflammatory cytokines and growth factors at the injured 

growth plate cartilage in young rats. Bone, 35(6): 1307-1315.  DOI: https://www.doi.org/10.1016/j.bone.2004.09.014 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 

use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit 

to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The 

images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in 

a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. 

To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

 

© The Author(s) 2024 

https://www.doi.org/10.1111/jre.12568
https://www.doi.org/10.30539/iraqijvm.v43i1.465
https://www.doi.org/10.1080/000164702320155383
https://europepmc.org/article/med/17391995
https://www.https/doi.org/10.1016/j.mtbio.2023.100833
https://journals.lww.com/pedorthopaedics/fulltext/2002/11000/Physeal_Fractures,_Part_II__Fate_of_Interposed.2.aspx
https://www.doi.org/10.3390/ijms21020577
https://www.doi.org/10.1016/j.orthres.2003.08.003
https://www.doi.org/10.3892/mmr.2014.2506
https://www.doi.org/10.1097/BPO.0b013e31824afee3
https://www.doi.org/10.1038/s41536-022-00256-1
https://www.doi.org/10.1089/ten.tec.2019.0180
https://www.doi.org/10.1016/j.bone.2004.09.014
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

	ABSTRACT 
	INTRODUCTION 
	MATERIALS AND METHODS  
	RESULTS AND DISCUSSION
	CONCLUSION 
	DECLARATIONS 
	REFERENCES 

