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Abstract 

Background: Anogenital distance (AGD) is a hormone dependent anatomical landmark that serves as a measure of perineal 

growth. Previous studies have shown that it is shorter in children with undescended testis (UDT) when compared with those with 

normal external genitalia (NEG). In sub-Saharan Africa, however, there is paucity of information regarding the relationship 

between AGD and UDT, hence the need for this study. Objective: To determine whether AGD parameters are shorter in children 

with UDT when compared to those with normal external genitalia. Method: Three AGD parameters were measured using a 

digital caliper in 86 children (43 with UDT and 43 with normal external genitalia). These parameters include anoscrotal distance 

(ASD), anopenal distance 1 (APD1) and anopenal distance 2 (APD2). Data was collected over a 12-month period and analyzed 

using Statistical Package for Social Sciences (IBM SPSS) version 25 software. Results: Forty-three (43) boys with UDT were 

matched against the same number of boys with normal external genitalia in our study. There were no statistically significant 

differences among the two groups in the mean age, height, weight, body-mass index (BMI), gestational age and birth weight. The 

mean anoscrotal distance (ASD) and ASD index were 39.05±8.14 mm and 2.23±1.17mm/kg for the test group and 

44.92±7.81mm and 2.79±1.07mm/kg for the control group respectively. The differences in the mean ASD and the mean ASD 

index between the test and the control groups were statistically significant with p < 0.05. The mean anopenile distance 1 (APD1) 

and anopenile distance 2 (APD2) were 77.33±13.09mm and 96.20±8.49mm for the test group and 80.63±10.15 mm and 

97.48±12.86mm for the control group respectively. There were no statistically significant differences in the APD1 and APD2 

between the 2 groups. Conclusion: The study showed that boys with UDT had consistently shorter AGD parameters than those 

with well descended testis. 
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1. Introduction 

Anogenital distance (AGD) is the distance from the centre 

of the anus to the junction between the smooth perineal skin 

and the rugated skin of the scrotum or to the anterior or pos-

terior border of the base of penis in males. In females it is the 

distance from the centre of the anus to the posterior conver-

gence of the fourchette or base of clitoris [1, 2]. Anogenital 

distance is a sexually dimorphic biomarker that is normally 

longer in males than in females due to the difference on ex-

posure and effect of testosterone during embryonic develop-

ment. It is a marker of perineal growth and forms from the 

growth and development of genital tubercle, genital swellings 

and cloacal membrane [1, 2]. 

The development of the male external genitalia and AGD is 

an androgen dependent process, and the amount of androgen 

available for the growth of foetal tissues can be interrupted by 

some environmental chemicals acting as endocrine disrupters. 

This can lead to testicular dysgenesis syndrome that may be 

marked by the presence of undescended testis (UDT), hypo-

spadias and reduced AGD in childhood; testicular cancer and 

infertility in adults [3, 4]. The severity of the genital anomaly 

depends on the extent of the hormone disruption by these 

chemicals and it varies from individual to individual; and 

from one region to the other [5, 6]. 

Undescended testis occurs when one or both testes fail to 

migrate to the floor of the testis after birth [7-9]. Investiga-

tions have shown that infants exposed to environmental en-

docrine disrupting agents during intrauterine life may develop 

shortened AGD as well as UDT [3, 4]. Many authors in 

Western countries have demonstrated that male caucasian 

patients with UDT have decreased AGD when compared to 

the normal population [1, 10-12]. From the literature review, 

the only documented study in sub-Saharan Africa was by 

Onyiruka et al [13]. They compared AGD of 34 newborn 

infants with normal external genitalia with 11 newborn infants 

with UDT in South-South Nigeria. They observed too that 

AGD was shorter in children with UDT when compared with 

those with NEG. It was due to the paucity of information 

regarding the nature of AGD in children with UDT and those 

with NEG in sub-Saharan Africa that we were prompted to 

conduct this study. The purpose of the present study is to 

determine if AGD parameters are shorter in children with 

UDT when compared with those with normal external geni-

talia in South-Eastern, Nigeria. 

2. Patients and Methods 

2.1. Study Design 

This was a prospective comparative study carried out at the 

Alex Ekwueme Federal University Teaching Hospital, Aba-

kaliki (AEFUTHA) and two schools with nursery and primary 

school services (Egugwu Agbaja Primary School and Ezik-

woro Primary School), all in Abakaliki, Ebonyi State, 

South-Eastern Nigeria. The study was carried out over a 

twelve (12)-month period. 

Ethical clearance for the study with a reference number 

FETHA/REC/VOL2/2019/145 was obtained from the Hos-

pital Research and Ethics Committee (HREC) of AEFUTHA. 

Approval was obtained from Ebonyi State Universal Basic 

Education Board, Abakaliki Local Government Education 

Authority and the School Management Boards to enroll their 

pupils. Informed consent was obtained from the parents or 

guardians of the participants. 

Patients for the test group (UDT) were recruited by total 

population sampling method whereby all children with UDT 

who presented at the PSOP clinic that met the inclusion cri-

teria were enrolled on the study. All the children with UDT 

were evaluated clinically and with groin ultrasonography to 

determine the location of the testes; and were grouped based 

on their age into 3 groups: ≤ 3 years, 4 to 7 years and ≥ 8 

years. 

The control group consisted of age-matched male children 

with normal genitalia from two primary and nursery schools. 

The children were stratified into three age groups; ≤ 3 years, 4 

to 7 years and ≥ 8 years. From each age group, the required 

number of children were selected by simple random sampling 

without replacement, until the sample size was attained. 

Using a digital caliper (Stainless steel electronic digital 

caliper, Original Equipment Manufacturer (OEM), Hong 

Kong) that reads in increments of 0.01mm, and with the pa-

tients in supine and frog-leg position, the AGD were meas-

ured. Three AGD parameters (Figure 1) were measured viz: 

Anoscrotal Distance (ASD distance from the centre of the 

anus to the junction between the smooth perineal skin and 

the rugated skin of the scrotum), Anopenile Distance 1 

(APD1; distance from the centre of the anus to the posterior 

border of the base of the penis), and Anopenile Distance 2 

(APD2 distance from the centre of the anus to the anterior 

border of the base of the penis). Two researchers took the 

same measurements and the average for each measurement 

was calculated and used for analysis. Anogenital index (AGI) 

– AGD/patient’s weight (mm/kg) was calculated to control 

any effect of variation in body size on AGD. 

2.2. Data Collection 

A proforma was used for the data collection. Data collected 

include biodata, weight, height, birth weight, gestational age 

at birth, diagnosis, clinical and ultrasound location of the 

testis, AGD and AGI (AGD/patient’s weight). 

2.3. Statistical Analysis 

Data entry and analysis were done with the Statistical 

Package for Social Sciences (IBM; SPSS, Chicago, IL, USA) 

version 25 software. Descriptive statistics of so-

http://www.sciencepg.com/journal/sf


Science Frontiers http://www.sciencepg.com/journal/sf 

 

98 

cio-demographic and other background characteristics were 

done. Categorical variables were summarized with frequen-

cies and proportions while the mean and standard deviation of 

continuous variables were presented. 

The relationship between presence or absence of UDT 

(dependent variable) and AGD (independent variable) among 

the study subjects (test group and control group) was tested 

using the student t-test. Odds ratio with a 95% Confidence 

Interval was calculated. Significance level was set at 0.05. 

3. Results 

The mean age of the subjects with UDT was 5.43±3.97 

years (0.5 to 13.0 years) while that of the participants with 

normal external genitalia was 6.16±3.59 years (0.5 to 13 

years). There was no statistically significant difference in age 

between the 2 groups (p = 0.585). The mean height, weight 

and BMI for test group were 1.12±0.24m, 21.51±9.30Kg and 

15.33±2.12Kg/m2 as against 1.15±.02m, 18.48±7.49Kg and 

15.54±2.63Kg/m2 for the control group respectively. The 

mean GA for the test group was 38.77±1.34 weeks while that 

for the control group was 38.33±1.11weeks. The mean birth 

weight for the test group was 3.20±0.51Kg and 3.18±0.50Kg 

for the control group. There were no significant differences 

noted among the 2 groups in terms of the mean height, weight, 

body–mass index (BMI), gestational age and birth weight. 

3.1. Comparison of Anogenital Distance 

Parameters Between the Two Groups 

The mean anoscrotal distance (ASD) was 39.05±8.14 mm for 

the test group and 44.85±7.81 mm for the control group (p = 

0.001). There were no significant differences in APD1 and 

APD2 between the 2 groups. The difference in anoscrotal index 

between the two groups was statistically significant (p = 0.022). 

There were no significant differences in anopenile index 1 and 2 

between the test and the control groups (Table 1). 

3.2. Comparison of Anogenital Distance 

Parameters with Age Group of Participants 

in the Control Group 

The mean ASD, APD1 and APD2 for the control group 

increased with increase in age across the 3 age groups of ≤ 3 

years, 4 to 7 years and ≥ 8 years. The mean ASD for the three 

age groups were 40.63±4.64mm, 45.32±8.82mm and 

48.33±7.81mm respectively. There was a significant differ-

ence in mean ASD between the age groups (p = 0.002). The 

mean APD1 were 71.89±.9.95mm for those ≤3 years, 

84.67±6.38mm for those 4-7 years and 85.08±8.36mm for 

those ≥ 8 years (p = 0.000). The mean APD2 were 

93.22±6.90mm, 98.08±19.322mm and 100.71±9.75mm. 

There was no significant difference in mean APD2 between 

the age group. 

3.3. Comparison of Anogenital Distance 

Parameters with Age Group of Participants 

in the Test Group 

The mean ASD, APD1 and APD2 for the test group showed 

no regular pattern across the 3 age groups of ≤ 3 years, 4 to 7 

years and ≥ 8 years. The mean ASD for the 3 age groups were 

36.97±10.56mm, 42.03±5.07mm and 38.96±5.93mm respec-

tively. The mean APD1 were 69.39±14.07mm, 

85.85±8.21mm and 79.98±8.84mm while the mean APD2 

were 92.95±9.55mm, 99.48±4.74 and 97.53±8.82mm respec-

tively. There were no significant differences in mean ASD, 

APD1 and APD2 between the 3 age groups in the test group. 

3.4. Comparison of Anogenital Distance 

Parameters with Age Group of Participants 

Between the Test and Control Groups 

The ASD, APD1 and APD2 were shorter in test groups 

when compared to the control groups across the 3 age groups. 

It was only the difference in mean ASD for those between the 

ages of 4 to 7 years in the test and control groups that was 

statistically significant with p-value of 0.002. The differences 

in mean of the other AGD parameters between the test and 

control across the 3 age groups were not statistically signifi-

cant with p-values > 0.05 (Table 2). 

4. Discussion 

This study showed that children with undescended testis 

(UDT) have shorter AGD parameters compared to those with 

normal external genitalia. The differences in AGD parameters 

persisted even after adjustment for weight (AGD/Wt). This 

was in accordance to findings made by other researchers [1, 

10-14]. In our study, the mean ASD of children with UDT was 

significantly shorter than the mean ASD of children with 

normal external genitalia by 13.07% (P = 0.001). This is sim-

ilar in pattern to the findings obtained by Jain et al [10] in 

India and Jaing et al [11] in China. The lower values of mean 

ASD seen in the studies by Jain et al and Jaing et al that used 

same measuring tool (calipers) when compared to the ASD 

values obtained in this study might be due to difference in age 

and weight of the participants. The mean age and weight of 

participants in this present study were 5.43 years and 21.51kg 

respectively while the participants in Asian studies were all 

newborn males with mean birth weight of 2.77kg. Longer 

perineal length in older children may be responsible for the 

longer ASD obtained in this study as anogenital distance has 

been reported to grow with the external genitalia from birth 

through puberty [10, 15, 16]. This is alluded to by the pro-

gressive increase in AGD from those ≤ 3 years to those ≥ 8 

years in the control group as noted in this study. The increase 

with age was not consistent in the test group probably due to 

variation in position (severity) of UDT among the age groups 
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and the palpability or otherwise of the involved testis as well. 

The AGD parameters were shorter in children with UDT 

across the 3 age groups when compared to those with NEG. 

However, it was only the difference in mean ASD in those 

with UDT versus those with NEG in the ages of 4 – 7 years 

that was statistically significant. This may be due to the fact 

that higher position of UDT is associated with shorter AGD 

and 58% of children with non-palpable testis in this study 

were in the age group of 4 – 7 years. 

In another study by Hsieh et al [15] in the USA with similar age 

and weight distribution like in this present study, they demon-

strated mean ASD of 43.80 mm for boys with UDT and 44.50 mm 

for those with NEG (P > 0.05). Although, measurements of AGD 

were performed in patients under anesthesia in their study, they 

used a different measuring tool (flexible surgical ruler) for meas-

urement of AGD. Therefore, the higher values of ASD observed 

by Hsieh et al when compared to the present study may be due to 

difference in the instrument used in the measurement. The only 

published study on the relationship between AGD and UDT in 

Africa noted that the ASD was shorter in male neonates with UDT 

when compared to normal counterparts [13]. The smaller values of 

mean AGD recorded in their study when compared to our work is 

most likely due to age and weight differences between participants. 

This difference in mean the ASD, however, did not reach statisti-

cal significance value. This may be as a result of small sample size 

of 11 male neonates with UDT versus 34 male neonates with 

normal external genitalia used in their study. Also, the use of a 

flexible inelastic tape as a tool for measurement of AGD in place 

of digital calipers in their study may have contributed to lack of 

statistically significant difference observed. 

The mean APD1 of boys with UDT was shorter than the 

mean APD1 for those with normal external genitalia but the 

difference in mean APD1 was not statistically significant (P = 

0.194). This is similar to the findings recorded by Hsieh et al 

[15] where the mean APD1 for boys with UDT (89.6mm) was 

shorter than the mean APD1 for those with normal external 

genitalia (93.20mm). This difference was also not statistically 

significant. For the boys with UDT, the mean APD2 was again 

shorter than what was obtained for those with normal external 

genitalia. The difference in the mean APD2 between the two 

groups was not statistically significant (p = 0.590). Amongst 

the published works reviewed, we could not find anyone 

relating the mean APD2 in boys with UDT and those with 

normal external genitalia for comparison. 

 
Figure 1. Parameters of Male Angenital Distance. 

Table 1. Comparison of anogenital distance and anogenital index. 

AGD Case Control  

Parameters Mean±SD Range Mean±SD Range P-value 

ASD (mm) 39.05±8.14 20.64-61.00 44.85±7.87 32.20-66.52 0.001* 

APD1 (mm) 77.33±13.09 50.85-100.00 80.59±10.30 47.85-100.0 0.194 

APD2 (mm) 96.20±8.49 78.00-115.00 97.36±13.00 80.00-150.00 0.590 

Anoscrotal Index (ASD/Wt) 2.23±1.17 0.78-5.55 2.79±1.07 1.25-5.34 0.022* 

Anopenal Index 1 (APD1/Wt) 4.30±1.83 1.68-8.33 5.05±1.94 2.37-8.88 0.067 

Anopenal Index 2 (APD2/Wt) 5.54±2.69 2.18-11.49 6.22±2.73 2.68-12.50 0.254 

Table 2. Comparison of anogenital distance parameters with age group of participants between the test and control groups. 

Age Group AGD Parameter Test Range Mean±SD Control Range Mean±SD P-value 

≤ 3 Yrs ASD 20.64 - 61.00 36.97±10.56 32.20 – 57.37 40.42±4.78 0.267 

 APD1 50.85 - 100.00 69.39±14.07 47.85 -80.40 71.74±10.30 0.604 

 APD2 78.00 - 115.00 92.87±7.47 80.00 – 100.00 92.95±9.55 0.978 
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Age Group AGD Parameter Test Range Mean±SD Control Range Mean±SD P-value 

4 – 7 Yrs ASD 30.00 – 48.00 42.03±5.07 36.00 – 65.00 45.32±8.82 0.254 

 APD1 69.00 – 99.00 85.08±8.36 71.40 – 100.00 85.85±8.21 0.815 

 APD2 89.04 – 106.14 98.08±19.32 80.00 – 150.00 99.48±4.74 0.801 

≥ 8 Yrs ASD 26.99 – 48.00 38.96±5.93 39.00 – 66.52 48.33±7.75 0.002 

 APD1 60.60 – 93.43 79.98±8.84 74.60 – 96.00 84.67±6.38 0.115 

 APD2 78.40 – 110.00 97.53±8.82 80.40 – 120.00 100.71±9.75 0.382 

 

5. Limitations of the Study 

The present report is limited by the small sample size which 

did not provide adequate power to the study. Secondly, dif-

ferent authors used different instrument for measurement of 

AGD. This made comparison of data difficult. 

6. Conclusion 

This study has shown that boys with UDT had significantly 

shorter ASD compared with those with well descended testis. 

Further studies with larger sample size are needed to further 

substantiate the findings of this study. 
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