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Abstract 

 

Background/Aim: Traumatic hip dislocations (THD) are orthopedic emergencies and significant 

complications such as cartilage degeneration can be reduced with early reduction. This study aimed to 

examine the effect of platelet-rich plasma (PRP) on cartilage cells in one-, two- or 8-hours prolonged hip 

dislocation. 

Methods: We used 24 Sprague-Dawley rats in this study and divided them into three main groups based 

on whether their hips were in the protruding position for one, two, or eight hours. Each main group was 

further divided into two subgroups, with the right hips constituting the experimental group and the left 

hips, the control group. Traumatic hip dislocation modeling was performed surgically on both hips of the 

rats under anesthesia in the same session. After both dislocated joints were reduced and the hip capsules 

were sutured, platelet-rich plasma was administered to the right hips. After 1 week, all rats were sacrificed, 

their femoral heads were excised and subjected to histopathological examination. Terminal 

deoxynucleotidyl transferase‐mediated dUTP nick‐end labeling (TUNEL) testing was used to show 

chondrocyte apoptosis in the femoral head. The apoptotic index (AI) showing the ratio of cartilage cells to 

apoptosis was calculated histopathologically. A comparison of apoptotic indices was made between the 

groups. 

Results: The AIs of the one-, two- and eight hours-long hip dislocation groups were 0.012 (0.005), 0.023 

(0.011), 0.046 (0.012), respectively (P<0.001), while those of the control groups were 0.028 (0.010), 0.077 

(0.015), 0.100 (0.016), respectively (P<0.001). 

Conclusion: In traumatic hip dislocation known to cause chondrocyte apoptosis, PRP provides a 

significant reduction in the apoptotic index. 
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Introduction 

Traumatic hip dislocation (THD) leads to pathological 

sequelae due to both the mechanism of dislocation and the lack 

of necessary intervention. Conditions such as cartilage damage 

during trauma to the hip and malnutrition of the femoral head are 

beyond the control of the surgeon. Other factors, such as the 

timing and accuracy of the reduction, are positively influenced 

by the correct evaluation of dislocation as an emergency. 

Although complications can be reduced with early reduction, and 

good or excellent results can be seen, long-term complications 

after hip trauma, such as avascular necrosis (AVN), arthrosis, 

nerve injury, heterotopic ossification, and re-dislocation [1-4], 

are common. 

PRP can be defined as an autologous platelet 

concentrate compacted into a small volume of plasma [5, 6]. 

There are cellular mitogens such as platelet-derived growth 

factor (PDGF), transforming growth factor-β (TGF-β), 

endothelial cell growth factor (ECGF), epidermal growth factor 

(EGF), vascular endothelial growth factor (VEGF), insulin-like 

growth factor (IGFs), and Interleukin-β in the α granules of the 

thrombocytes. Of these mitogens, IGF-1 is one of the major 

growth factors associated with cartilage matrix synthesis and 

cartilage repair. Type 2 collagen regulates the synthesis of 

proteoglycan and other matrix components [7]. Another growth 

factor TGF-β1, which is a subgroup of TGF-β, plays a role in 

bone morphogenic protein-2 (BMP-2) chondrocyte 

differentiation and matrix maturation. BMP-7, also known as 

osteogenic protein-1 (OP-1), stimulates type 2 and 4 collagen, 

aggrecan [ACAN: Cartilage specific proteoglycan core protein 

(CSPCP) or chondroitin sulfate proteoglycan 1], decorin, 

fibronectin, hyaluronate, etc., which are cartilage-specific 

extracellular proteins in chondrocytes [8, 9]. In the light of all 

these data, we planned our study hypothesizing that externally 

administered PRP will function as a stimulating factor and 

reduce chondrocyte apoptosis in chondrocytes with a 

physiologically low division capacity.  

Materials and methods 

The animals in this study were obtained from Gaziantep 

University Experimental Animals Research Center, where all 

operations except the preparation of specimens were performed. 

Twenty-four male Sprague-Dawley rats, 20-24 weeks 

old and weighing 324-617 grams, were divided into three main 

groups and randomly assigned to cages in groups of eight, based 

on whether their hips were in the protruding position for one, 

two, or eight hours. Each main group was further divided into 

two subgroups, with the right hips constituting the experimental 

group and the left hips, the control group. All rats were 

numbered with ear tags. Both hips of the animals were surgically 

removed in the same session and reduced after remaining 

dislocated for the specified periods. Hip capsules were sutured. 

Thirty µl PRP and twenty µl of phosphate-buffered saline (PBS) 

were injected into the right capsule after suturing, and only 50 µl 

of PBS was injected into the left capsule with a Hamilton 

injector.  

 

 

Anesthetic technique 

After induction anesthesia with 5% isoflurane 

(Isoflurane-USP, Piramal Critical Care Inc.™, Bethlehem, 

Pennsylvania, USA), a 1-2% maintenance dose of inhaler 

anesthesia was administered during the operation with a mask. 

The respiratory rates and body temperatures of the animals were 

monitored during surgery. Depth of anesthesia was assessed by 

the toe pinch test. 

PRP preparation technique 

Approximately 1 ml of blood was drawn by cannulation 

from the preoperative right femoral vein of each rat to obtain 

PRP. The blood samples were placed into a tube containing 2 ml 

of trisodium citrate to prevent coagulation. PRP was obtained 

from the collected blood per the 2-stage centrifuge protocol [10]. 

Surgical technique 

A posterior approach was used for access to both hip 

joints. After incising the skin bilaterally, subcutaneous tissues, 

and gluteal muscles were divided while protecting both sciatic 

nerves, and the hip capsule was revealed (Figure 1). Following 

capsulotomy performed parallel to the coronal plane of the 

acetabulum and division of ligamentum teres, the hip was 

dislocated posteriorly to prevent spontaneous reduction (Figure 

2). Both knees were fixed in extension, and the hips were fixed 

in internal rotation and adduction to prevent spontaneous 

reduction. Care was taken to exclude the effects of mechanical 

trauma on the cartilage during hip dislocation (Figure 3). After 

hip capsule suturing, 30 µl PRP and 20 µl PBS were injected into 

the right capsule, and only 50 µl of PBS was injected into the left 

capsule with a Hamilton injector. The layers were closed 

properly. After 1 week, both femoral head samples were taken 

from the old incision line.  
 

Figure 1: Right hip dissection image of the rat a: Marking the skin incision line with a 

surgical pen, b: Demonstration of the gluteus superficialis muscle, c: Division of the gluteus 

superficialis muscle, d: The space between piriformis and gluteus medius muscle, e: 

Demonstration of the sciatic nerve and piriformis after the division of this space 
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Figure 2: Dissection of rat femoroacetabular capsule. a: Hip capsule after dividing the 

insertion site of the piriformis muscle from the musculotendinous junction, b: Capsulotomy, 

c: Distraction of hip joint and demonstration of the femoral head, d: Demonstration of 

ligamentum teres 
 

 
 

Figure 3: Demonstration of the hip dislocation. a: Right hip dislocated, b: Bilateral hip 

dislocated 
 

 
 

Preoperative and postoperative care 

Standard room conditions were provided for all 

experimental animals, with 12 hours of dark and light cycles. 

The room temperature was kept between 18-20°C. To prevent 

hypothermia, the rats were operated under both a light source 

and a heater, and they were warmed up during recovery. In the 

postoperative period, the rats were followed up in single cages 

for 7 days and fed ad libitum. 

Histopathological evaluation 

The specimens were prepared in Gaziantep University, 

Department of Pathology. 

After both femoral heads of each rat were stored in 10% 

buffered formaldehyde solution at 4 °C for 7-10 days, the 

samples were kept in 20% formic acid solution for 2-3 weeks at 

4°C for decalcification. The decalcification solution was changed 

twice a week. The samples were then embedded in paraffin and 

blocked. The prepared paraffin blocks were sectioned with a 

5µm-thickness and stained with hematoxylin-eosin. For the 

terminal deoxynucleotidyl transferase-mediated dUTP nick-end 

labeling (TUNEL) test, apoptosis was demonstrated with the 

TUNEL Chromogenic Apoptosis Detection Kit (ABP 

Biosciences ™, MD, USA, A049). Apoptosis was determined by 

observing the change in the nuclear chromatin nuclei (Figure 4). 

When calculating the apoptotic index (AI), the ratio of all 

chondrocytes to apoptotic cells at ×100 magnifications was 

considered, and 829-840 cells were counted for each section.  
 

Figure 4: Chondrocytes undergoing apoptosis with TUNEL stain. There is an increased 

number of apoptotic nuclei in the 1-h and 8-h experimental groups compared with the control 

groups (All histopathological slides ×100 magnification). TUNEL, terminal 

deoxynucleotidyl transferase-mediated dUTP nick-end labeling 
 

 
 

Statistical analysis 

The compliance of the data to normal distribution was 

assessed with the Shapiro Wilk test, and one-way ANOVA-LSD 

multiple comparison tests were used to compare normally 

distributed variables in more than two independent groups. The 

paired t-test was used in the evaluation of normally distributed 

measurements at two different times. Pearson's correlation 

coefficient was used to test the relationships between numerical 

variables.  

The minimum required number of animals in each 

group was five. Power analysis was performed using GPower 

version 3.1. 

Results 

In this study, only the cartilage tissues of the femoral 

heads, not the acetabular cartilages, were evaluated. The AIs of 

the one-, two- and eight hours-long hip dislocation groups were 

0.012 (0.005), 0.023 (0.011), 0.046 (0.012), respectively 

(P<0.001), while those of the control groups were 0.028 (0.010), 

0.077 (0.015), 0.100 (0.016), respectively (P<0.001) (Figure 5). 

The AIs of the experimental and control groups were similar in 

the 1-hour hip dislocation group (P=0.056), while those of the 

two- and eight-hour hip dislocation groups significantly differed 

(P<0.001 for both). There was no significant difference between 

the one- and two-hour hip dislocation experimental groups in 

terms of AI (P=0.066), but their control subgroups significantly 

differed (Table 1). 
 

Table 1: Comparison between the experimental and control group in terms of AI and among 

themselves. AI, apoptotic index 
 

 1-h group 2-h group 8-h group P-value 

between main groups 

Experimental group 0.01 (0.01) 0.02 (0.01) 0.05 (0.01) 0.001 

Control group 0.03 (0.01) 0.08 (0.02) 0.1 (0.02) 0.001 

P-value between subgroups 0.056 0.001 0.001  
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Figure 5: Graph showing femoral head apoptotic indices between the experimental and 

control groups 

 
 

Discussion 

THD may occur due to cartilage damage caused by 

mechanical action during dislocation and decreased blood flow 

in the vessels feeding the subchondral bone [11]. AVN of the 

femoral head develops because of damage to the vessels feeding 

the femoral head during dislocation [12]. In addition to all these 

pathophysiological reasons, the healing process in cartilage 

limits the classical healing response progressing with bleeding-

dependent inflammation and repair due to the avascular structure 

of the tissue, [13] and progenitor cells in the blood cannot reach 

the damaged area due to the avascular structure of the cartilage 

tissue [14]. Apoptosis occurs in the chondrocytes of the femoral 

head due to the combination of various factors such as the 

limited number of cells in cartilage tissue and physiologically 

low division capacity (mitotic activity) of adult chondrocytes 

[14]. Consequently, the development of osteoarthritis of the hip 

joint, called coxarthrosis, becomes inevitable.  

Chondrocyte apoptosis is clinically important as it 

occurs in humans and experimentally induced osteoarthritis [14-

16] and it has been suggested that chondrocyte death may 

contribute to the pathogenesis of osteoarthritis [17]. Hashimoto 

et al. [17] showed that chondrocyte apoptosis increased in the 

osteoarthritic human joint cartilage, that it may occur even before 

osteoarthritis becomes evident, and may be related to the severity 

of cartilage deterioration.  

PRP, used in patients with osteoarthritis due to 

degenerative or secondary reasons, gained increasing popularity 

in orthopedics [18]. We showed that prolonged dislocation of the 

joint caused the death of chondrocytes in the form of apoptosis 

and that PRP given after 1 hour in rats caused a significant 

decrease in AI and may reduce the long-term complications of 

concentric reduction.  

Although clinical studies are stating that early reduction 

in hip dislocations should be performed within the first 12-24 

hours [19-22], Hougaard et al. [23] and Jasulka et al. [24] stated 

that it should be performed within the first 6 hours. However, 

Dreinhofer et al. [3] showed that even if the hip reduction was 

achieved within the first 6 hours, AVN developed in the femoral 

head in the long term. In the animal study conducted by Elliot et 

al. [25], dislocation of the rat hip joint for more than 1 hour 

caused a significant increase in the apoptotic index. In our study, 

the apoptotic index significantly increased with the duration of 

dislocation in both the experimental and the control groups. The 

mean apoptotic index of the control groups in this study was 

between 0.04 and 0.12. The femoral head apoptotic index rates in 

other studies ranged from 0.01 to 0.23 [25-27]. D'Lima thought 

that this was related to the artifacts in the culture and cutting 

technique of the pathological specimens [26-28]. 

Many studies are conducted on PRP and there is no full 

consensus on this issue among the orthopedic community. Some 

studies argue that this treatment method does not affect diseases 

related to orthopedics [18], while others find it effective [29, 30]. 

In our study, only the experimental group of the 1-hour group did 

not show a statistically significant decrease compared to the 

control group. The experimental group of the other groups 

exhibited a significant reduction in AI ratios compared to the 

control group.  

Limitations 

The limitations of our study are the small number of 

subjects and the lack of a follow-up of long-term traumatic hip 

dislocation complications. We think that if the financial and 

ethical problems are overcome, there is a need for further, 

multicenter studies regarding the effect of platelet-rich plasma on 

the apoptotic index in humans, with more extensive case series 

which also evaluate the interobserver and intraobserver 

variability and reliability. 

Conclusion 

In the light of all these data, while early reduction is an 

indispensable treatment method in a patient admitted with THD, 

the dislocation of the rat hip joint for more than 1 hour 

significantly increases AI, and PRP application decreases joint 

degeneration provides a clinically significant improvement by 

decreasing AI. PRP is a glimmer of hope for the treatment of 

many diseases in orthopedics and traumatology, but only PRP 

should not be seen as a definite treatment method. 
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