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ABSTRACT 

	Introduction: Preoperative testosterone administration in children with hypospadias can help the penis reach an optimal size, facilitating surgery. However, some literature reports varying effectiveness between intramuscular and topical testosterone administration. This study aims to evaluate the differences in penis enlargement and complications in children with hypospadias between intramuscular and topical testosterone administration. 
Methodology: A randomized clinical trial (RCT) was performed to evaluate the effects of testosterone administration routes on penile dimension & complications in children with hypospadias. This study was conducted at Dr. Hasan Sadikin General Hospital in Bandung from March 2023 to March 2024. Participants were divided into groups of intramuscular (2 mg/kg every 3 weeks, given in 3 doses) and topical (2.5% topical gel 2 times daily for 4 weeks).  
Results and Discussion: The mean age was 6+3 in both groups, with posterior hypospadias being the most common type. Intramuscular testosterone yielded significant improvements in stretched penile length (SPL) (MD 5.7 (1.2 – 10.2), p = 0.015) and glans width (MD 1.7 (0.1 – 3.4), p = 0.043) compared with topical application; no significant difference was observed on urethral plate width (MD 0.4 (-0.9–1.7), p = 0.523). One patient in the injection group reported pubic hair growth after the intervention. 
Conclusion: Intramuscular testosterone was significantly better for increasing the SPL and penile glans size compared with topical testosterone in pediatric hypospadias. No significant difference in complications was observed between both groups
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1. INTRODUCTION 
Hypospadias is a congenital anomaly of the male external genitalia with a prevalence of approximately 1 in 250 births (van der Horst & de Wall, 2017; Wani et al., 2020). The global prevalence is 20.9 per 10,000 births, with an increase of 0.25 per 10,000 births. In the United States, the prevalence is 34.2 per 10,000 births, while in Asia it ranges from 0.6 to 69 per 10,000 births. The exact prevalence in Indonesia is unknown, but some studies show varying numbers of cases. However, research by Aritonang et al., at RSUP Dr. Cipto Mangunkusumo Jakarta found 124 cases of hypospadias in the 2002–2014 period, while based on research conducted by Gede Wirya Kusuma et al. there were 591 cases during 2017 in 12 teaching hospitals in Indonesia (Aritonang et al., 2016; Duarsa et al., 2019). At Hasan Sadikin Hospital, in research conducted in 2015–2018, the number of hypospadias cases was found to be 147 cases (Noegroho et al., 2018).
The causes of hypospadias are multifactorial, involving genetic, maternal, placental, fetal, and environmental factors. The treatment aims to allow urination while standing, improve cosmetic appearance, and ensure effective insemination. The main treatment is urethral reconstruction surgery and chordee release. The diameter of the glans and the length of the penis affect the outcomes of urethroplasty, which is challenging in children with micropenile micropenis. Therefore, Preoperative Hormone Stimulation (PHS) using androgens like testosterone is recommended before reconstruction (Siregar et al., 2022).
PHS with testosterone can be administered topically or via injection. Research shows that topical testosterone can increase the length and width of the glans penis, although the difference is not significant compared to injections. However, topical testosterone is cheaper and easier to use. Nevertheless, there are criticisms regarding the unpredictable dosage and distribution of topical testosterone, as well as the risk of side effects such as abnormal testosterone levels, pigmentation, and dermatitis. Conversely, systemic testosterone injections provide better surgical outcomes, but adherence to injections by parents and children can be challenging. The side effects of testosterone injections are not well-known but are reported to be less frequent than topical administration (Ahmad et al., 2011; Monfort & Lucas, 1982).
The use of PHS in hypospadias surgery remains controversial due to its potential benefits and risks. Benefits include increased vascularization, reduced fibrosis formation, and better intraoperative conditions. However, risks include complications such as wound healing issues, tissue inflammation, erection problems, pubic hair growth, and pigmentation. Overall, although literature shows various findings about PHS, testosterone side effects tend to be minimal, and its benefits in facilitating reconstruction procedures are significant, especially in children with hypospadias and micropenile micropenis  (Kaya et al., 2008). Further research is needed to determine the safest and most effective administration method.

2. material and methods 

This observational analytic research study uses a Randomized Clinical Trial (RCT) design. RCT is a type of experimental research often used to examine the relationship between interventions and patient clinical outcomes. RCT studies are commonly used to determine the impact or effect of an intervention on clinical outcomes.

2.1 Sampling
The sample was collected using purposive sampling, with randomization done through simple random sampling via a lottery method. Patients visiting the clinic were randomly assigned to receive either topical or injectable testosterone based on pre-prepared lottery tickets until the minimum sample size was met (13 samples for each group). The study compared penle size before and after treatment with intramuscular testosterone injections and topical testosterone, as well as recorded complications (such as rashes and pubic hair growth).

2.2 Statistical Analysis
Data analysis included descriptive analysis and hypothesis testing. Numerical data like patient age, SPL, glans width, penis width, and urethral plate width were presented with mean, standard deviation, median, and range. Categorical patient characteristics were coded and presented as frequency distribution and percentages. Data were recorded in a predefined research form, followed by editing, verification, coding, data entry, and analysis. Data were presented as percentages for categorical variables and mean ± standard deviation (SD) for numerical variables.
Statistical tests for comparing means between two groups were conducted using the independent t-test if data were normally distributed, or the Mann-Whitney test if not. Paired numerical data were analyzed using paired t-tests for normally distributed data or the Wilcoxon test for non-normal data. Categorical data were tested using the Chi-square test. Significance was determined by a p-value, with p ≤ 0.05 considered statistically significant, and p > 0.05 considered not significant. Data were processed using SPSS version 25.0 for Windows.

3. results and discussion
The average age of research subjects for both groups (intramuscular testosterone injection and topical testosterone) was 6 years with a standard deviation of 3 years. This indicates that the research subjects had a relatively similar age range between the two groups. There was variation in the type of hypospadias between the two groups (p = .175). However, the Chi-square difference test did not show significant variations, so it can be said that the distribution of hypospadias types between the two groups was homogeneous, the topical testosterone group had a more even variation in hypospadias types, with no type dominating (Table 1).

Table 1 Demographics of research subjects 

	Variable
	Intramuscular Testosterone Injection
	Topical Testosterone
	p-value

	
	n=15
	n=15
	

	Age (years), mean ± SD
	6 ± 3
	6 ± 3
	1.000*

	Type of Hypospadias n (%) 
· Anterior 
· Middle 
· Posterior 
	
1 (6.7)
1 (6.7)
13 (86.6)
	
4 (26.7)
4 (26.7)
7 (46.7)
	0.175**



There was a significant increase in SPL after administration of intramuscular testosterone injection, with the average SPL beforehand being 32.6 mm and increasing to 46.0 mm afterward (p = .001). There was a significant increase in the width of the glans penis after administration of intramuscular testosterone injection, with the previous average width being 10.7 mm and increasing to 15.1 mm. There was a significant increase in the width of the urethral plate after intramuscular testosterone injection, with the average width being 4.5 mm beforehand and increasing to 7.5 mm afterward (Table 2, P < .001).

Table 2 Mean changes before and after intramuscular testosterone injection

	Variable
	Before
	After
	p-value

	
	Mean±SD
	Mean±SD
	

	Stretched penis length (mm)
	32.6 ± 7.7
	46.0 ± 10.5
	0.001*

	Penile glans width
	10.7 ± 2.2
	15.1 ± 2.9
	<0.001*

	Urethral plate width
	4.5 ± 1.1
	7.5 ± 2.0
	0.020*



There was a significant increase in SPL (p < .001), glans penis width (p .032), and urethral plate width after topical testosterone application (p = .005) (Table 3). There were significant differences in changes in SPL (p = .015) and glans penis width (p = .043) between the use of intramuscular testosterone injections and topical testosterone (Table 4). There was no significant difference between the application of intramuscular testosterone injection and topical testosterone in changes in the width of the urethral plate (Table 4, p = .523)

Table 3 Mean changes before and after topical testosterone

	Variable
	Before
	After
	p-value

	
	Mean±SD
	Mean±SD
	

	Stretched penis length (mm)
	30.5 ± 8.4 
	38.2 ± 10.4 
	<0.001* 

	Penile glans width
	11.9 ± 3.1 
	14.5 ± 2.2 
	0.032* 

	Urethral plate width
	4.4 ± 2.1 
	7.1 ± 2.4 
	0.005* 



Table 4 Mean differences in changes in intramuscular testosterone injection and topical testosterone

	Variable
	Intramuscular Testosterone Injection
	Topical Testosterone
	Mean difference (95% CI)
	p-value

	
	Mean±SD
	Mean±SD
	
	

	Stretched penis length (mm)
	13.4 ± 7.1
	7.7 ± 4.8
	5.7 (1.2 – 10.2)
	0.015*

	Penile glans width
	4.4 ± 1.8
	2.6 ± 2.7
	1.7 (0.1 – 3.4)
	0.043*

	Urethral plate width
	3.0 ± 1.6
	2.7 ± 1.8
	0.4 (-0.9 – 1.7)
	0.523




There was no significant difference in the rate of side effects in the groups of children who received topical or intramuscular testosterone. One child in the testosterone group experienced hair growth in the pubic area, and none experienced a rash. (Table 5, p = 1.00)
Table 4. 5 Side effects of intramuscular testosterone injection and topical testosterone 

Table 5. The Side effects of intramuscular testosterone injection and topical testosterone

	Side Effect
	Intramuscular Testosterone Injection
	Topical Testosterone
	p-value

	
	n=15
	n=15
	

	Rash or discoloration
	0 (0%) 
	0 (0%) 
	1.000 

	Pubic hair growth
	1 (6.67%) 
	0 (0%) 
	1 (6.67%) 





4. DISCUSSION
4.1 The Demographic Characteristic of Research Subjects 
Most patients in the intramuscular testosterone injection group had posterior type hypospadias (86.6%), and in the testosterone application group most also had posterior type hypospadias (46.7%). In contrast to the findings of several other studies, the majority of hypospadias reported are of the anterior/distal type (subcoronal and glandular), especially the glandular type, which contributes to 60 – 75% of all hypospadias cases in the world, both in children and adults. Maritska et al. in their study reported that in 50% of cases, the location of hypospadias was in the anterior aspect, 20% of cases had a central location and the rest were posterior (Maritska et al., 2015). Overall, the subcoronal position is the most common abnormal location. 
In line with the findings of this study, an observational study by Duarsa et al. reported that the majority of patients (33.3%) suffered from penoscrotal-type hypospadias (Wirya et al., 2016). Similar results were also reported by Aulia et al. in 2019 that the penoscrotal hypospadias type was the most frequently identified type during the five years of the study, namely 48.6%, and midshaft (14.9%) (Aulia et al., 2020). The existing findings may differ due to 1) the level of complexity of the disease, 2) the type of hospital where the research is conducted, and 3) existing comorbidities (Aulia et al., 2020). A study from Africa stated that the level of complexity of procedures and patient comorbidities also increased in tertiary-level hospitals (Gama et al., 2022). 
4.2 The Mean Changes in Penile Morphology Before and After Testosterone Administration 
Several anatomical parameters that reflect growth, and development, and are of importance in meatal reconstruction surgical procedures include stretched penis length (SPL), width of the glans penis, and width of the urethral plate. SPL was measured in flaccid, stretched, and extended penis positions. In this study, there was a significant difference in the increase in SPL length (p = 0.001), glans diameter (p <0.001), and urethral plate width (p = 0.020) compared to their size before giving Testosterone injection. Similar results were reported by Godse et al. who reported a significant increase in the length of the SPL as well as the diameter of the glans and base of the penis compared to their size before administration of hormonal therapy (Godse et al., 2022). Several other studies with different designs also reported results that were in line with this study, namely that in both parenteral (intramuscular) and topical administration of testosterone therapy, there was a significant increase in size regardless of the difference in the route of testosterone administration. (Babu & Chakravarthi, 2018; Kaplan, 2008) Sembiring et al. in their systematic review stated that the size of the penis (shaft and glans) of patients undergoing hypospadias reconstruction significantly increased starting from eight weeks (two months) to four months after administration of testosterone, both parenteral and topical (Sembiring & Sigumonrong, 2021).
 Patients who receive testosterone preoperatively, in addition to experiencing significant penile growth & development, also have a lower risk of complications of wound dehiscence and post-operative infection, and a better aesthetic appearance than patients who do not receive pre-operative testosterone therapy (Sembiring & Sigumonrong, 2021). Surgical correction of congenital genital abnormalities was previously performed when the penis size was deemed sufficient to facilitate the reconstruction procedure and minimize complications. Surgical repair of hypospadias may be more difficult in boys with microphalia, especially during glansplasty procedures, when compared with boys with normal-sized penises (Taghavi et al., 2022). Koff et al. first to report study results supporting the use of hCG or testosterone in children before proximal hypospadias repair is performed; Koff et al. observed that pre-operative hormonal therapy was able to trigger a significant increase in the size and length of the penis, making it easier for urologists or pediatric surgeons to carry out reconstruction of the urethral meatus.(Koff & Jayanthi, 1999).
Preoperative hormone stimulation is more often performed in cases of complex hypospadias (for example in proximal hypospadias, or hypospadias with a small penis/gland (microphalus)). PHS can increase penis size and optimize preputial vascularization, whether given topically or parenterally; However, these changes are considered temporary and only effective if carried out before the operation begins, namely within weeks to months.(Asgari et al., 2015; Snodgrass et al., 2014) The mechanism underlying the increase in penis size in children who receive testosterone lies in its mechanism of action on the androgen receptor (AR) which is expressed in various tissues in the penis and scrotum (Ali & Palit, 2018; Taghavi et al., 2022).

4.3 The Comparison of Penis Size After Application of Intramuscular Injection and Topical Testosterone 
The mean change in SPL after the use of intramuscular testosterone injection was higher compared to topical testosterone application. These findings are in line with two RCTs by Godse et al (Godse et al., 2022) and Chalapathi et al (Chalapathi et al., 2003) which compared the increase in penile length and glans diameter as well as urethral diameter after hormonal therapy (testosterone) was given, both parenterally (intramuscular) and topically. The results were that although both routes of administration resulted in a significant increase in the size of the penis (SPL and glans diameter), the rate of increase in size was higher in the parenteral than topical testosterone group (75% vs. 60%; p < 0.05).
The results of the cohort study showed a lower rate of penis enlargement with topical treatment, although this was not statistically significant. Overall, several previous studies have shown equivalent effectiveness of intramuscular testosterone to topical testosterone for increasing penile size – both longitudinally (length) and transversely (width), although there was a trend towards a greater increase in size in the parenteral group compared to topical (Taghavi et al., 2022). A similar study conducted by Nerli et al.(Nerli et al., 2009) also reported no significant difference in the effectiveness of topical or parenteral testosterone in increasing pre-operative penile size in children with proximal hypospadias, both longitudinally (length) and width (diameter of the glans penis). The increase in penis size which tends to be higher in the intramuscular testosterone injection group can be caused by several factors, one of the most important being the level of absorption of testosterone itself.
4.4 The Side Effects of Intramuscular Testosterone Injection and Topical Testosterone
This research found that only one study subject in the intramuscular testosterone injection group experienced pubic hair growth, while no subject experienced rash or discoloration in the genital area. These results are in line with Mohammadipour's research, where fine pubic hair growth was found in 10/18 (55.5%) cases of hypospadias who were given intramuscular testosterone injections for 3 months. Meanwhile, in the Chalapati study, it was found that 2/13 (15.3%) patients in the topical testosterone group experienced pubic hair growth, and 1/13 (7.69%) patients in the topical testosterone group experienced dermatitis which was probably caused by inadequate absorption. Predicted (Chalapathi et al., 2003; Mohammadipour et al., 2020).
This study has several limitations including differences in levels of compliance between injection and topical treatment groups. In this study, the androgen receptor and 5 alpha-reductase enzymes were not examined. In this study, testosterone levels were not checked before and after giving testosterone therapy. Long-term follow-up was not carried out regarding complications of testosterone hormone administration.


5. Conclusion

Intramuscular testosterone injection is better than topical application in increasing the size of the SPL and glans penis but not the urethral plate. Both routes of testosterone administration significantly increased penile dimensions when compared to before testosterone administration.


Consent 
Written informed consent was obtained from all research subjects prior data collection


Ethical approval 
The study have gained ethical approval from by The Ethical Committee of Hasan Sadikin Hospital with a number of LB.02.01/X.6.5/302/2023
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