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Introduction

For more than 80 years, systematic measurement of penile 
length has been done in newborns [1]. This reliable measure 
is the basis for the diagnosis of micropenis, a medical condi-
tion that in turn is a marker for many genetic syndromes, 
endocrinological disorders or structural malformations, which 
may require more complex studies, hormonal treatments or 
corrective surgeries [2]. Given its importance, all the informa-
tion regarding measurement techniques, normative data, 
spectrum of anomalies, associated pathologies as well as 
clinical management has been developed for decades [3]. In 
contrast, prenatal diagnosis has not been developed equally 
and there is a lack of an equivalent source of knowledge. 
Therefore, our ability to make a diagnosis of micropenis 
and its related pathologies using this method is much more 
limited. Our objective was to review the existing literature 
on fetal penile length, focusing on measurement technique, 
practical challenges and limitations, and prenatal counseling.

Embryology

Typical development of the male external genitalia requires 
the presence of a normal Y chromosome, an intact fetal hor-

monal axis, and correct placentation that provides the neces-
sary stimuli to operationalize the whole system. An aberra-
tion in any of these variables may cause genital anomalies.

During the initial stages of organogenesis, 3 basic struc-
tures are formed: bipotential gonads, genital passages, and 
indistinct external genitalia including the phallus and genital 
folds. Stimulation provided by the placental human chorionic 
gonadotropin causes the Leydig cells to produce testosterone 
as early as the 7th week of gestation [4]. The influence of 
this androgen results in sexual differentiation, due to which 
the phallus elongates to become a penis; genital folds fuse 
to form the scrotum, and the bipotential gonads form the 
testicles [5]. Placental function continues until the 14–15th 
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week of gestation, after which the production of testoster-
one becomes dependent on the stimulation of the fetal lu-
teinizing hormone. External genitalia are completely formed 
by the 17–18th week [6], and continues to grow regularly 
until birth of the fetus [7].

Anomalies in penile length

1. Micropenis
Micropenis is defined as a penile length less than 2.5 stan-
dard deviations (SDs) from the mean [8]. This condition is dis-
tinguishable from other similar anomalies such as the small 
penis (above 2.5 SDs), penis agenesis, and buried penis. The 
last case is defined as a normal-sized penis surrounded by 
prepubic tissues that interfere with its measurement [9].

All these conditions indicate a wide variety of pathologies. 
We included alterations in urethral development, placental 
insufficiency, and the alterations of the hormonal axis or ge-
netic syndromes. Urethral alterations are frequently associat-
ed with anomalies of the corpus spongiosum and/or corpora 
cavernosa that lead to an abnormal curvature of the penis, 
interfering in the measurement and giving a value lower than 
the real one [10]. Poor placentation can lead to an inade-
quate secretion of testosterone, causing the abnormal devel-
opment of the genitals. There is also an association between 
delayed intrauterine growth and male genital anomalies [11]. 
In the series by Nemec et al. [12], all fetuses affected by CIR 
showed significant penile shortening. Regarding hormonal or 
genetic abnormalities, an alteration in the size of the penis 
can be the clinical manifestation of fetal endocrinopathies 
or genetic syndromes. Winter and Baraitser [13] reported in 
their genetic database a total of 369 syndromes, wherein the 
main finding was a micropenis.

2. Macropenis
Unlike the micropenis, there is no standardized term for a 
penis that is pathologically larger than normal, which also 
indicates possible pathologies. Terms such as “macropenis”, 
“megapenis”, or “enlarged penis” have been used. Ad-
ditionally, there is no consensus regarding a cutoff point in 
reference tables. However, these cases do occur and indicate 
fetal pathology, as in the case of congenital megalourethra 
or congenital adrenal hyperplasia.

Congenital megalourethra is a rare urogenital malforma-

tion characterized by dilatation of the urethra due to defects 
in the anterior urethral valves or hypoplasia of the corpora 
cavernosa. The review by Moaddab et al. [14] shows that, to 
date, approximately 50 cases have been published in litera-
ture Ultrasound shows a macropenis with an irregular dila-
tion of the urethra, accompanied by other signs of urinary 
obstruction such as a megacystis, bilateral hydronephrosis, 
and keyhole sign. The prognosis can be severe, with severe 
pulmonary hypoplasia and renal impairment. However, it can 
resolve spontaneously in up to 10% of cases and is suscep-
tible to fetal therapy [15].

Congenital adrenal hyperplasia is a disorder of the adrenal 
gland due to an enzymatic deficiency, and is characterized by 
a deficiency of cortisol and an excess of androgens. It’s clini-
cal presentation occurs over a broad spectrum with a classi-
cal form that can trigger a potentially lethal crisis in the first 
hours of life [16]. Excessive androgens are the primary cause 
of ambiguous genitalia in female fetuses, which is why the 
study of the hormonal profile in amniotic fluid is indicated 
[17]. In the case of male fetuses, Merke and Bornstein [18] 
describe in their review that a macropenis is a possible con-
sequence, and include a photograph of a newborn aged 7–10 
days with an enlarged penis. Despite this evidence, there are 
no fetal cases published to date.

Measurement technique

1. Postnatal
The methodology for measuring penile length during post-
natal examination is fully established. First reports date back 
to 80 years ago, and since then there have been hardly any 
changes [1].

The main issue in measuring the penis in newborns and 
infants is the impossibility of getting an erect length, so 
instead the so-called stretched penis length or stretched 
penile length (SPL) is used [19]. It should be measured from 
the base of the penis at the pubic symphysis to the tip of 
the glans, gently stretching it to its maximum resistance, 
depressing the adjacent pubic fat, and measuring the entire 
dorsal aspect of the penis [20]. As with most anthropometric 
measures, there may be several confounding factors in the 
measurement. These are due to the extensibility and elasticity 
of the penis, so its length can vary significantly in response to 
thermal, tactile, and environmental changes [1].
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2. Prenatal
In comparison to postnatal measurement, there is no con-
sensus regarding the techniques, measurements, and values 
for prenatal measurement [21]. Although we cannot make a 
physical examination like pediatricians, obstetric ultrasound 
allows the detailed evaluation of the male genitalia, includ-
ing the size of the penis, the size of the scrotum, and the size 
and location of the testicles [22]. It is possible to measure 
variables of the penis such as its length, width, and diameter, 
as well as that of the comprising structures such as the cor-
pus cavernosum, corpus spongiosum, and glans [23].

The most important question when it comes to measuring 
fetal penile length seems to be the features that should be 
used for measurement. Since the beginning, the classic mea-
surement has been from the tip of the glans to the edge of 
the scrotum, also called the outer penile length (OPL) [12]. It 
is the measurement of the visible part, which is the simplest 
and most feasible to obtain. The vast majority of published 
studies use this measure to create their reference tables 
[12,21,24-27]. Its main drawback is that it is a partial mea-
surement of the penis, which does not correspond to the 
postnatal measurement that accounts for the whole length. 
It can also lead to error in situations in which the fetal penis 
is normal in length but hidden by prepubic tissues such as 
the buried penis, penis palmatus, and in the presence of her-
nias or hydroceles [28]. 

Other authors have reported measurement strategies using 
alternative features. The length of the fetal penis has been 
measured from the tip of the glans to the pubic symphysis 
[12], to the proximal edge of the corpus cavernosum [29], 
and to the proximal edge of the corpus spongiosum [23]. Al-
though correlation between OPL and these measures of “total 
penile length” was high and authors provided instructions 
for simplifying these measurements, no later work has re-
peated these methods. In fact, some authors have criticized 
these measurements as “impractical” due to the difficulty in 
correctly identifying said structures [24].

Technical issues such as angle of visualization, timing, fre-
quency of measurement, and imaging modalities have barely 
been addressed. Most publications work with ultrasound us-
ing an axial plane; as explained by Johnson and Maxwell [26] 
a transducer that was angulated was used so that the penis 
was as horizontal as possible, allowing a clear view for mea-
surement. On the other hand, Nemec et al. [12] criticized the 
use of axial and coronal planes since they did not allow suf-

ficient visualization of the penis due to its curvature. Instead, 
the author recommended the measurement in a sagittal 
plane. It is noteworthy that his work on measurements of 
fetal penises is based on magnetic resonance imaging, rather 
than ultrasound [12].

There may be several confounding factors that affect the 
measurement such as the filling state of the bladder or fetal 
erections. However, Johnson and Maxwell [26] reported no 
significant differences between measurement with a full or 
empty bladder. In case of fetal erection, it is a phenomenon 
that has not been studied in detail. It is known that fetal 
penises can have erections due to factors such as changes 
in blood flow or contraction of the pelvic muscles [30], and 
that it is a relatively frequent finding in the third trimester to 
observe an average of 1 to 3 erections hourly [23] No work 
has specified whether the measurements in their references 
tables were made with relaxed or erect fetal penises, and the 
scope of bias that this introduces is unknown.

Reference tables

1. Postnatal tables
Postnatal reference tables have been fully consolidated over 
decades of research, starting from the works of Schonfield 
and Beebe [1] in the 1940s to the Feldman and Smith [3] 
regulations in the 1970s. The average SPL at birth is 35 mm 
and cutoff point for diagnosis of micropenis is a difference of 
more than 2.5 SDs or 25 mm [8]. In recent years, efforts have 
focused on individualizing normative data based on ethnic-
ity due to important differences attributable to the place of 
birth [31-35] The nomogram of fetal length in Iranian neo-
nates proposed by Soheilipour et al. [36], for example, shows 
a mean SPL of 22.48 mm at term, standing below the cutoff 
for a micropenis, as previously described.

Other equally important factors would be the gestational 
age at birth and the individual anthropometric measurements 
themselves. Penis growth closely follows the growth pattern 
of other measures such as body length, foot length, and 
neonatal weight ; the length of the penis can be predicted 
based on foot length and neonatal weight taken jointly [37]. 
As with other growth curve studies, the focus in the future 
would on making more individualized predictions instead of 
reference populations tables.
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2. Prenatal tables

1) Penile length measurements using ultrasound
Reference tables published to date are shown in Table 1. 
Mean penile length calculated using gestational age is shown 
in Fig. 1 [12,21,23-27,29]. 

The studies that have followed the OPL methodology, 
which represent more than half of all reports, show a very 
high correlation in the results. On the 20th week of gesta-
tion, for example, the maximum range of difference be-
tween means is less than 1 mm, from average mean of 
7.27 mm to 8.25 mm average mean. As the gestational age 
increases, so does the variability. The maximum difference at 
the 37th week of gestation is 6 mm, between average mean 
of 18.9 mm and 25 mm. Correlation observed between the 
OPL measurement and gestational age is high in all cases. 
We also note that the majority of studies report end at the 
threshold of 25 mm, which is considered the traditional cut-
off point for postnatal diagnosis of micropenis [8]. This rein-
forces the idea that OPL measurement, even if it is the most 
practical, does not represent the total length of the postnatal 
penis. However, direct measures in anatomic studies of Shen 

et al. [6] seem to correlate with OPL curves, challenging the 
previous hypothesis.  

The series by Perlitz et al. [29], Vuillard et al. [23], and the 
second report by Nemec et al. [12] are not based on the 
OPL measure, but rather use alternative techniques. At first 
glance the results of Nemec et al. [12] come closest to refer-
ence measurements, since both are based on the measure-
ment from the tip of the penis to the edge of the pubic sym-
physis. Measurement of the corpora cavernosum or corpus 
spongiosum, on the other hand, use very specific structures 
of the penis and do not seem to be useful for correlation 
with SPL.

2) Challenges and limitations

Correlation between prenatal and postnatal measures
Prenatal ultrasound measurements and direct postnatal mea-
surement using SPL study the same parameter but utilize 
different approaches and methodologies. To date, only one 
work has made the comparison between pre and postna-
tal measures [38]. With a small sample of 46 male fetuses 
and using the OPL measure technique, penile lengths were 

Table 1. Measurement of fetal penile length

Population
Size 

study
Gestational 

age (wk)
Measurement 

technique
Year Study group

Mean at each week (mm)

15 20 25 30 35 40

Turkey 179 17–37 OPL 2016 Akpinar et al. [24] - 7.9 10.7 13.5 17.0 -

Israel 104 22–36 OPL 2012 Danon et al. [21] - - 10.9 14.7 18.0 -

US 494 14–41 OPL 2003 Pinette et al. [25] - 7.3 10.8 14.6 18.6 23.1

Israel 419 14–38 OPL 2001 Zalel et al. [9] 4.3 7.2 10.9 15.26 20.3 -

UK 95 16–38 OPL 2000 Johnson and 
Maxwell [26]

- 8.2 11.9 16.66 22.4 -

Austria 194 18–34 OPL, total penile 
length

2012 Nemec et al. [12] - 7.7 9.9 14.13 - -

- 18.2 23.9 33.13 - -

France 486 18–40 OPL, corpus 
spongiosum length

2011 Vuillard et al. [23] - 7.7 12.4 17.1 21.8 26.6

- 19.4 31.3 43.2 55.1 67.1

Israel 242 14–35 Corpus 
cavernosum length

2011 Perlitz et al. [29] 8.1 18.6 26.5 38.0 50.2 -

Australia 188 24–36 SPL 1998 Tuladhar et al. 
[27]

- - 17.5 25.5 33.5 -

Iran 587 30–41 SPL 2018 Soheilipour et al. 
[36]

- - - 18.0 21.0 25.9

US - 8–22 Anatomic study 2018 Shen et al. [6] 3.9 8.0 - - - -

OPL, outer penile length; SPL, stretched penile length.
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compared both prenatally and postnatally. The result was a 
significant although weak correlation between pre and post-
natal length, with a 0.32 coefficient of determination.

Fig. 1 shows the early measurements in the anatomic stud-
ies of Shen et al. [6] as well as the prenatal cutoff points, 
suggesting the real normative data should be a curve that 
met both scales. Further, different ultrasound measurements 
also shown in this figure do not resolve this problem [6,8].

The inclusion of 2 reference tables of preterm and term 
newborns further complicates the situation [27,36]. Tulad-
har et al. [27] show a parallel curve to the OPL series, with a 
maximum difference of approximately 10 mm that remains 
constant throughout all gestational ages, finishing at the 
36th week of gestation with a mean of 34.7 mm, which is 
very close to the postnatal mean in full-term infants at 35 
mm [8]. However, Soheilipour et al. [36] show a similar curve 

to that of the OPL series, finishing at term with a mean of 
22.9 mm, considered as a micropenis. The first series cor-
responds to a western population, whereas the second one 
is for an Iranian population. Similarly, it should be considered 
if the data obtained for preterm newborns is biased due to 
premature birth.  

Lower limit of growth curve
Comparison of the lower limit is difficult due to the het-
erogeneity of units of measurement and results. Ideally, the 
lower limit could be set at the 2.5 SDs used to diagnose a 
micropenis during the postnatal period. However, most of 
the studies use other references, including SDs, interquartile 
range, and the 2.5, 3.5, and 10 percentiles. Among those 
works that have used SDs, small sized samples have provided 
anomalous results and distorted curves. Only Pinette et al. 

Fig. 1. Mean fetal penile length according to gestational age and study. 
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[25], which uses the largest sample, has provided a reliable 
lower limit based on the SDs.

Size of the samples
No study has exceeded 500 cases. Study designs are not 
based on cohorts that are measured weekly, and rather are 
retrospective studies in which measurements are added 
based on gestational age and relationship formulas. Akpinar 
et al. [24], for example, uses a total sample of 179 fetuses 
with measurements distributed over 21 weeks. The result 
is that half of the calculated means are based on measure-
ments of 6 fetuses or less. Although the results of most of 
the references tables are similar and appear to be reliable, it 
would be necessary to carry out prospective studies with a 
large cohort, wherein the measurements were longitudinal 
for each fetus.

Gestational age
Most studies start measuring in the second trimester, at 
which time fetal sex can be determined with certainty. The 
work of Zalel et al. [9] began early, with measurements in the 
14th week of gestation. Most studies finalize the measure-
ments before reaching term, and only the works of Akpinar 
et al. [24] and Pinette et al. [25] continued until the 40th 
week of gestation.

Ethnic group
This is an important factor when establishing reference val-
ues, with significant differences between groups such as 
Caucasians and Asians [8,31,32]. However, there is no ethnic 
diversity in the samples used to date, with the exception of 
Akpinar et al. [24], who used a sample population of Turkish 
origin. The remaining studies are based on Caucasian popu-
lations from western countries and Israel.

Other measurements

The use of a single measure for the assessment of the penis 
poses problems such as the distinction between a small penis 
or a prominent clitoris [25]. Various complementary mea-
surements have been proposed such as width, diameter, or 
even curvature of the penis, associated with the presence of 
hypospadias [10]. Katorza et al. [39] proposed the dynamic 
use of ultrasound and Doppler mode, which would allow the 

observation of male urination by locating the urine stream at 
the tip of the penis, ruling out the diagnosis of hypospadias.

The most promising measure would be the measurement 
of the width of the penis, introduced by Danon et al. [21]. 
Authors describe it as a measurement that is easily per-
formed, with good correlation with length; they also provid-
ed the first reference table [21]. Akpinar et al. [24] replicate 
the same methodology with similar results. The main reason 
for the width measurement is that is provides greater speci-
ficity for the micropenis diagnosis, since a micropenis has a 
normal tubular shape, such that reduced length is accompa-
nied by proportional reduction in width.

Clinical practice

Due to the limitations of the available studies and the current 
technical challenges, it is not possible to establish normative 
values or implement the routine measurement of the fetal 
penis using a mid-trimester ultrasound; the same has been 
concluded in different international guidelines [40,41]. Nev-
ertheless, we could use the available evidence as guidance 
or in selected cases (Fig. 2). In these situations, the OPL mea-
surement technique may be used, measuring the penis from 
the tip of the glans to the edge of the scrotum. The axial 
plane seems to be the most used and it would be appropri-
ate for measuring the penis as horizontal as possible. As 
cutoff points, average length of the penis between 19 weeks 
and 22 weeks would be 7 to 10 mm, and a micropenis diag-
nosis would be below 4 mm. There is no consensus on the 
measure for diagnosing a macropenis. The corpora caver-
nosa and/or corpus spongiosum could be measured accord-
ing to the Vuillard et al. [23] or Perlitz et al. [29] technique, 
respectively, to rule out a normal-sized penis buried between 
prepubic tissues. Penile width could also be measured using 
the Danon et al. [21] reference table. 

A diagnosis of macropenis would mainly suggest a con-
genital megalourethra, so an anatomical scan of the urinary 
system should be done to observe signs such as a dilated 
and irregular urethra, megacystis, hydronephrosis, and anhy-
dramnios. Genetic amniocentesis is a mandatory test prior to 
being a candidate for fetal therapy, even though irreversible 
damage and poor performance of fetal cystoscopy results 
in a high rate of termination of pregnancy [42]. The finding 
of a large penis with normal morphology and no other ana-
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tomical findings in the scan could guide us to a diagnosis of 
congenital adrenal hyperplasia. In this situation, amniocen-
tesis for fetal karyotyping should be considered, as well as a 
study of steroid metabolites in the amniotic fluid [17]. This 
diagnosis requires the evaluation of an endocrinologist, use 
of hormonal treatment, and such diagnoses in severe cases 
can help prevent sudden death in the first days of postnatal 
life [43].

The diagnosis of micropenis is related to a much greater 
range of pathologies, as we have previously seen. In this 
case, the diagnostic work-up proposed by Pajkrt et al. [17] 
that includes a detailed scan and the use of genetic tests 
would be useful. The first step includes a detailed anomaly 
scan, focusing on the urinary system, and an assessment of 
fetal growth. The second step consists of the selection of a 
genetic test based on previous findings, to determine if the 
isolated findings or mild urinary anomalies are more related 
to chromosomal abnormalities or non-genetic pathologies; 
the finding of various anatomical abnormalities could indi-
cate several genetic syndromes [17]. 

Depending on the results, it may be necessary to refer the 
patient to urology, endocrinology, clinical geneticist, or even 

to engage a multidisciplinary team to manage disorders of 
sexual development [44]. Isolated genitourinary anomalies 
such as anterior hypospadias would result in an early consul-
tation with a pediatric urologist, facilitating a correct postna-
tal follow-up plan [45]. Endocrinopathies such as congenital 
adrenal hyperplasia could require a change in the birth plan, 
or reference to a specialized center to enable access to mul-
tidisciplinary teams in case of emergency issues such as gen-
der of rearing [46]. Prenatal interventions like hormonal ma-
nipulation or fetoscopy for lower urinary tract obstructions 
are not being used systematically, and are currently limited to 
investigations [47]. The diagnosis of genetic syndromes with 
high morbidity and mortality could lead to parents choosing 
to terminate the pregnancy [48]. Therefore, incorrect diagno-
sis of the fetal penis length could have important short- and 
long-term implications. 

However, due to poor knowledge in this area of prenatal 
medicine, it is crucial to be cautious when making a diagno-
sis and providing counseling information. Such diagnoses can 
cause considerable anxiety in parents, and may be a cause 
for the termination of pregnancy [38]. 

Fig. 2. Evaluation and management of fetal penile length. 
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Conclusion

Postnatal penile length is a standardized, widely used, and 
a reliable marker for the diagnosis of genitourinary pathol-
ogy, as well as genetic and hormonal disorders. Although 
the most studied technique is the OPL, there is no consensus 
regarding the technique appropriate for prenatal measure-
ment. Even though it is not considered normative data, we 
can assume OPL cutoff points in the second trimester, as seen 
using an ultrasound, to be an average of 7–10 mm with a 
lower limit of 4 mm. The presence of both a micropenis and 
a macropenis can be associated with relevant pathologies. It 
is necessary to carry out prospective studies with sufficient 
sample sizes and using a common measurement system, so 
as to create more comprehensive reference tables.
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