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Original Article

Background: The inability to manage stool release, fecal incontinence, is a condition with severe negative 
effects on quality of life. The use of platelet-rich plasma (PRP) may improve the healing of the anal sphincter 
after surgery. The current study investigated the healing effects of PRP application after surgical repair of the 
anal sphincter in rabbits as an animal model for human studies. 
Methods: Twenty-four New Zealand rabbits were randomly allocated into four groups based on the time of 
sampling after sphincteroplasty (one or three weeks) and the use or lack of use of PRP. Sphincterotomy followed 
by sphincteroplasty was performed on all the animals; autologous PRP was prepared and administered at a 
dose of 0.5 ml per animal in the PRP groups. The healing scores of the sphincters were compared across the 
groups using a histological scoring system. 
Results: In the rabbits sacrificed and sampled after one week, the mean histological healing score was 
significantly higher in the group with PRP application relative to the group for which PRP was withheld 
(18.6±0.8 vs. 13.0±1.8, respectively; P=0.01). However, no significant difference was detected between the 
healing scores of the PRP group and the control group when sampling was performed three weeks after surgery 
(19.0±0.0 vs. 18.5±0.8, respectively; P=0.17).
Conclusion: Our findings indicate that although PRP can accelerate wound healing after sphincter repair in an 
animal model, its effect over time, specifically after three weeks, is insignificant.
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Introduction

Fecal incontinence (FI) is defined as the inability 
to manage stool release (1). This conditional is 

debilitating, with negative impacts most notably on 
the sexual and social quality of life. Embarrassment, 
social isolation, and changes in family relationships 
are among the harsh consequences of this condition 
(2). Its prevalence varies from 5 to 15% within 
the general population, particularly depending 
on age and gender. These rates are most likely 
underestimated because less than 25% of patients 
with FI report it to their physicians (2, 3). Generally, 
female patients are more commonly evaluated for 
FI that their male counterparts (4, 5). Muscular 
injuries of the anus occur in up to 35% of women 
after vaginal delivery as the most common cause of 
FI (6). In addition, about 90% of women with FI and 
only risk factor for obstetric damage have an anterior 
defect in one or both anal sphincters. The damages 
are both mechanical and neurological, occurring due 
to muscle rupture and the stretching of the pudendal 
nerve (7).

There are different ways to manage FI. Anal 
sphincteroplasty is usually suggested when medical 
treatments of defects in the external anal sphincter 
don’t seem to be successful (8-10). Repair of the 
anterior anal sphincter is the most effective operation 
for FI with excellent short-term success rates of 70-
80%, which declines to 50 and 40% after 5 and 10 
years, respectively (11, 12). As a new strategy, it 
has been reported that platelet-rich plasma (PRP) 
augments wound healing as a result of featuring a 
high growth factor content (13, 14). To prepare PRP 
as a surgical graft material, autologous blood is 
centrifuged before being combined with thrombin and 
calcium chloride to provide a viscous coagulum gel 
(15). Indeed, calcium chloride and thrombin induce 
the growth factor cascade through activation of 
platelets (16). The-wound healing process is promoted 
by PRP through the induction of the release of many 
cytokines and growth factors (17). In previous 
studies, autologous PRP was used as an adjunct to 
the membrane advancement flap in the treatment of 
perianal fistulae; declines in recurrence, complication, 
and incontinence rates were reported (18, 19). 

Although many studies have been published on 
similar interventions and surgical wound healing, 
and despite the fact that a systematic review and 
meta-analysis was published on the use of PRP gel 
on wound healing (20), the effects of PRP after 
sphincteroplasty have not previously been reported. 
Hence, our study was designed to evaluate the 
histopathological repairing effects of autologous 
PRP application once after sphincteroplasty.

Materials and Methods

Study Design
A sample size of 24 was calculated after 

approximating the t-statistic using a z-statistic 
based on the reported formula (21), the following 
considerations were made: α (two-tailed)=0.05; 
β=0.2; effect size=0.8; and standard deviation 
(SD)=0.8. Thus, this animal-based experimental 
study was performed on 24 female New Zealand 
rabbits with a weight range of 2.5-3 kg and age of 
6 months; these rabbits were obtained from the 
Center of Comparative and Experimental Medicine, 
Shiraz University of Medical Sciences, Shiraz, Iran. 
Animals were kept under a standard 12-hour light/
dark cycle with free access to water and standard 
rodent food. The study protocol was approved by 
the Institutional Review Board (IRB) of Shiraz 
University of Medical Sciences and the approval 
of the Ethics Committee (No. 8875) was achieved 
before experimentation was commenced. All efforts 
were made to attenuate needless handling or pain 
induction for the rabbits. The experimental set up is 
presented in Figure 1 and discussed in detail in the 
sections that follow.

PRP Preparation
In this work, an autologous PRP preparation yield of 

10-16% was achieved. Specifically, the gravitational 
platelet separation procedure was used to prepare 3-5 
ml of PRP from 30 ml of blood depending on the 
baseline platelet count of the individual (22). In this 
procedure, blood sampling was done before the blood 
was mixed with 3.8% citrate dextrose anticoagulant 
solution at a 9:1 (v:v) ratio. To separate the PRP, 
centrifugation at 400 × g and 20 °C was performed 
for 15 min. Also, the plasma was centrifuged at 
3000 rpm and 20 °C for 10 min to obtain the platelet 
pellet. To obtain the platelet count, the Sysmex XT-
1600i system was used. The platelet concentrate 
was dissolved in phosphate buffer saline (PBS) 
then pooled and incubated at room temperature for 
30 min on a rotating platform to eliminate platelet 
agglomerates. 

Surgical Procedure
Sphincterotomy and sphincteroplasty were 

performed similar to human surgical procedures (23) 
at 9.00 am in a specialized animal operation room. 
Animals were anesthetized with 80 mg/kg Ketamine 
and 12 mg/kg Xylazine, which comprises the most 
common animal anesthetic procedure without 
any effects on wound healing. During surgery, 
supplemental sedation was administered as required. 
The operation site was shaved and disinfected, with 
the rabbits having been fixed in lithotomy position. 
Pulse oximetry and esophageal temperature probes 
were positioned, before each rabbit underwent 
tracheal intubation. Sphincterotomy was performed 
in the posterior midline using the No. 11 blade. At 
first, a transverse incision was made posterior to the 
anus. Then, the free ends of the sphincter muscle 
were found and all fibers of the external and internal 
sphincters were cut and separated. Immediately 
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afterward, sphincteroplasty was done to repair the 
sphincter. Simple end-to-end sphincter repair was 
done with 4-0 Prolene suture, before the skin over 
the site of repair was closed with 4-0 chromic suture. 

PRP Treatment
To find the effects of PRP application over time, 

the rabbits were randomly allocated into four groups 
and each group was considered as an experimental 
unit. Group 1 underwent sphincteroplasty without 
administration of PRP, and tissues were obtained 
after the animals were sacrificed one week after 
repair; group 2 differed only in that PRP was 
given. In group 3, sphincteroplasty was conducted 
without PRP administration, and tissues were 
harvested three weeks after repair. Finally, group 
4 had sphincteroplasty with PRP administration, 
and tissues were obtained three weeks after repair. 
Although it is known that the lifespan of the platelet 
is approximately 7 days and more than 80% of its 
alpha-granule contents are released in the first 
24-48 h following platelet degranulation, only a 
single injection was performed to simulate human 
situations. Therefore, PRP was injected around the 
suturing site using an insulin syringe at a dose of 
0.5 ml per animal. Surgeons and their assistances 
were blinded about the groups and treatments. To 
acquire the specimen, the rabbits were sacrificed 
with intracardiac injections of 10% KCl solution 
under deep general anesthesia. Then, the anal 
sphincter was completely resected and the repair 

site was marked with a 5-0 nylon suture. The tissues 
were fixed in 10% buffered formalin solution for 
future processing.

Histopathologic Evaluation
The obtained tissues were stained with standard 

hematoxylin and eosin before being evaluated by 
a blinded expert pathologist. Histopathological 
findings were evaluated for each sample according 
to a modified scoring system (24). This scoring 
system is useful in defining the surgical wound-
healing process and may also allow for standardizing 
reports on surgical wound healing following both 
vaginal and abdominal pelvic reconstructive and 
anti-incontinence operations (Table 1).

Statistical Analysis
Data were expressed as mean±SD and analyzed 

using SPSS version 17 (SPSS Inc., Chicago, IL, 
USA). Because of the non-parametric nature of this 
study and existence of 24 rabbits in four independent 
groups, the Mann-Whitney U test was used for 
comparison between each pair of groups. P-values 
below 0.05 were considered for significance.

Results

The primary mean whole blood platelet count was 
6×105 cells/μL, which increased by 3-fold in PRP 
(18×105 cells/μL). The procedure failed in two rabbits 
belonging to group 1, and these animals died before 

Figure 1: Experimental set-up and procedures.
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the end of the experiment. Therefore, data related to 
these two animals were excluded from the analysis. 
All other animals had good health conditions 
until they were sacrificed for tissue sampling. The 
histopathological changes and repair in the PRP-
administered and control groups after one and 
three weeks are presented in Figure 2. Also, data 
related to the six different parameters that were 
assessed to obtain the histological healing score are 
presented in Figure 3. As shown, epithelialization, 
neovascularization, and necrosis were the healing 
factors in which significant differences existed 
between the two groups only after one week of 
surgery. A significant difference was detected in 
the histological healing score between the PRP-
administered and control groups after one week 
(18.6±0.8 vs. 13.0±1.8, respectively; P=0.01), but 
this difference was not significant after three weeks 
(19.0±0.0 vs. 18.5±0.8, respectively; P=0.17). Also, 
although it is surprising that the presence of PRP had 
a positive effect on granulation tissue and negative 
effect on inflammation relative to the absence of PRP, 
these differences were not statistically significant 
(P>0.05).

Discussion

In the present study, the effects of PRP application 
throughout sphincteroplasty on healing of rabbit’s 
sphincter were investigated. We found that the mean 
histologic healing score of the sphincters was higher 
in the PRP-administered group as compared to the 
group that did not receive PRP at both one and 
three weeks after surgery, but this difference was 
only significant between the pair of groups sampled 
after one week. These findings demonstrate the 
short-term beneficial effects of using PRP during 
sphincteroplasty.

Sphincteroplasty is the most frequent technique 
that is used for sphincter repair in patients with 
severe FI. However, wound complications occur in 
about one-third of patients (25). For treatment of 
this complication, some additional steps are needed. 
Gastrointestinal wound healing is characterized by 
the three phases of inflammation, proliferation, 
and maturation. Platelets play key roles in the 
inflammation step. Indeed, growth factors of 
platelets mediate the whole process by controlling 
growth, differentiation, and cell metabolism (26). 

Table 1: Histological scoring system for wound-healing
Score Epithelialization Collagenization Inflammation NV Necrosis GT
1 None None Severe None Extensive none
2 None None Moderate None Focal Immature
3 Partial Partial Mild <5 per HPFa None Mild mature
4 Complete, Immature Complete, Irregular None 6-10 per HPF None Moderately mature
5 Complete, Mature Complete, Regular None >10 per HPF None Fully mature
HPF: High power field; NV: Neo-vascularization; GT: Granulation tissue

Figure 2: Histopathological features of anal tissue. A, fibroblast proliferation between muscular fibers and mild chronic inflammation 
after one week without use of PRP; B, traverse fibrous bands between myocyte bundles after one week with use of PRP (the histological 
lesions are indicated by black arrows); C and D, cross section of anal mucosa showing complete repair after three weeks without and 
with PRP use, respectively (stained with hematoxylin and eosin (H&E), ×100). 
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The theoretical benefit of PRP is providing an area 
setting for tissue regeneration that is made in growth 
factors and alternative cytokines (27). Based on the 
points mentioned, PRP application to gastrointestinal 
anastomosis can be used to activate fibroblasts and 
enhance collagen formation through different growth 
factors that enable a rise in anastomotic strength.

It is noted that PRP was prepared after two-steps 
of centrifugation of autologous blood with none 
commercial kits. In addition, the platelet-poor 
plasma (PPP) was also simply prepared, and the 
PRP concentration could be modified by addition 
of various quantities of PPP. Some authors have 
advocated the elimination of leukocytes (28), 
whereas many studies have shown that leukocytes 
in the buffy coat play some roles in the effects of 
PRP (29). Therefore, the effects of the buffy coat 
are unclear (30), and the PRP contained no buffy 
coat in our method.

To the best our knowledge, there are few studies 
that have investigated the effects of PRP on wound 
healing in anal sphincter repair. There are certain 
disagreements between scientists concerning the 
advantages of PRP application. Variations in platelet 
concentration, type of clot activator, white blood 

cell count and the time that the fibrin scaffold is put 
into place around the tissue markedly influence the 
biological effects (31). When we compared the effects 
of PRP on healing after one week, it significantly 
helped to accelerate wound healing. However, it had 
no significant effects after three weeks. Some studies 
on oral and maxillofacial surgery have advised that 
PRP application accelerated the speed and degree of 
bone formation in bone grafts for at least the first six 
months (32). Furthermore, it has been reported that 
PRP accelerated angiogenesis after surgical injury, 
subsequently resulting in soft tissue repair (33). 
Intestinal healing, however, is a rapid mechanism 
in which any improvement in the healing process by 
PRP application is perhaps less noticeable. The rate of 
turnover in the intestinal epithelium is very high, and 
the cell population in this tissue is replaced several 
times during the lifetime. Once injury happens, 
rapid recovery of the epithelial barrier and providing 
normal mucosal architecture is crucial (34). Fresno 
and colleagues reported that healing of intestinal 
lesions was accelerated with PRP in the acute 
phase. It can be concluded that application of PRP 
in musculoskeletal tissues induces cell proliferation 
and stimulates synthesis and secretion of angiogenic 

Figure 3: Histological scoring of wound-healing at different times and in different groups. The number of animals in all groups was 
equal (n=6) at the beginning of the study, but the procedure failed in 2 rabbits belonging to the group for which PRP was not used 
and the specimen was obtained after one week.
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factors that enhance healing processes (35). 
Although the histological analysis in the PRP 

group evaluated one week after sphincteroplasty 
showed a significant improvement in the healing 
of the sphincter, electromyography for evaluation 
of sphincter muscle function is required for better 
analysis of the effects of PRP, which will be addressed 
in our future studies. On the other hand, despite our 
findings, this study had certain limitations. Although 
an appropriate negative control was created by 
withholding PRP application, the inflammatory 
effects of injection must be addressed by using an 
additional control group. Also, this work involved 
an animal model of a human disease, and there are 
certain interspecies differences. Therefore, human 
clinical trials are needed before our results can be 
generalized to the general population.

Conclusion

Application of PRP showed positive effects on 
sphincter healing in the acute phase after repair. 
Further investigations are required to clarify the 
optimum PRP concentration and time of usage that 
allows for maximum improvement of anastomotic 
wound healing.
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