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Abstract

Introduction: Numerous case reports have indicated that the “human tail” is not always a
harmless protrusion but can be associated with anomalies such as occult dysraphic
malformations. However, the definition and classification of this anomaly have not been
discussed. A prevailing hypothesis is that the “human tail” is a residual embryonic tail. Herein,
we attempted to classify and define the human tail and investigate the frequency of this
anomaly.

Materials and Methods: We first defined the human tail as a protrusion on the dorsal side of
the lumbar, sacrococcygeal, and para-anal regions identified after birth. We collected case
reports written in English, Japanese, French, German, and Italian that were published from the
1880s to the present.

Results: We discovered two important findings: (1) the cause of this anomaly may differ even
though the “tails” resemble each other closely in appearance, and (2) its position tends to be
correlated with the type of anomaly and its associated cause. We propose a new classification
of the human tail based on these findings.

Conclusions: Our classification may facilitate more accurate treatment and precise case

descriptions of the human tail.

Keywords: tail, congenital anomalies, spina bifida, diagnosis



INTRODUCTION

In vertebrates, a tail is generally defined as an elongated trunk posterior to the anus (or the
cloaca). It contains musculoskeletal elements (caudal vertebrae and muscles) and
neurovascular tissues providing innervation to the muscles. Naturally, a tail is relatively
mobile. The caudal vertebrae are part of the skeletal system that maintains the tail, which
articulates posterior to the sacrum (Tojima, 2013). Tails in vertebrates present as various
morphological types and possess numerous roles. Humans still have a coccyx, which is
homologous to the caudal vertebrae; however, it is typically curved anteriorly and does not
protrude externally.

Extant hominoids (so-called apes), including humans, have lost their tails completely. The
tail reduction process during evolution remains a mystery due to incomplete fossil records. At
present, studies have clearly demonstrated that our ancestors lost their tails at some point
during a 20-million-year period between the Oligocene and Miocene epochs. Unfortunately,
no fossils connecting these ancestral species have ever been found (Fleagle, 2012; Ward et al.,
1991; Nakatsukasa et al., 2003, 2004).

Human embryos have temporary tails, in which somites exist up to the tip of the tail. The
number of caudal somites gradually increases by 8 weeks of pregnancy (Carnegie Stage [CS]
16). Just two days after the number peaks (CS17), it abruptly decreases by almost five pairs of
somites (Tojima et al., 2018). Thus, human embryonic tail reduction is caused by an abrupt
and dynamic decrease in the number of somites, which would have become the caudal
vertebrae. Apoptosis is a possible cellular mechanism underpinning this phenomenon. A
previous study reported an increase in macrophages at the tip of the embryonic tail and

suggested that cell death may be related to embryonic tail reduction (Fallon & Simandl,



1978).

Clinically, the “human tail” is a congenital anomaly reported sporadically in case reports.
As shown in Fig. 1, the shape, size, and location of this anomaly vary greatly. Several studies
have attempted to classify it based on morphological differences and contents (Fig. 1, Table 1).
However, since this anomaly is not fatal, its origins were considered unimportant. Thus, most
classifications of this anomaly are not helpful to clinicians, and a definition of “human tail”
has not been established. This has led to various anomalies being reported as “human tails.”

Several types of classification of the “human tail” have been proposed since Bartles first
classified this anomaly from a medical point of view (Table 1). In 1901, Harrison classified
the “human tail” into two types (Harrison, 1901): the true tail (containing vertebrae) and the
caudal appendage (no vertebrae). Subsequently, Giroud (1966) proposed another
classification that was similar to Harrison’s classification. However, Dao and Netsky
proposed a different classification in 1984, wherein they classified the human tail into a true
tail and a pseudotail. According to their definitions, the true tail is a residual of the embryonic
tail and does not contain any vertebrae, whereas the pseudotail is a caudal protrusion
containing other normal or abnormal tissues (Dao & Netsky, 1984). The terms “true tail” and
“pseudotail,” which were used in both Harrison’s and Dao and Netsky’s classifications,
became widespread and have since been used in many reports. However, this terminology has
made the definitions and classification inconsistent, because these two classifications were
completely opposite with respect to the presence of vertebrae.

Thus, the classification and definition of the anomaly have been inconsistent, particularly
since the 1980s. A novel and clinically relevant definition and classification system is a

critical unmet need. In this study, we attempted to classify, define, and investigate the



frequency of this anomaly.

MATERIALS AND METHODS

Among clinicians, a postero-dorsal protrusion tends to be reported as a “tail.” Thus, we
defined the “human tail” as a protrusion on the dorsal side of the lumbar, sacrococcygeal, and
para-anal regions found after birth. In this study, we also defined “sacrococcygeal” as the
region below the iliac crest and above the natal cleft regions. This definition relied on the
surface anatomy in order to incorporate previous reports without radiography or computed
tomography (CT) observations. We collected case reports written in English, Japanese, French,
German, and Italian that were published from the 1880s to the present. Case reports that did
not meet the definition were excluded; for example, cases with caudal tenderness or pain
caused by an insufficiently curved coccyx without an external protrusion (Bar-Maor et al.,
1980; Hamoud, 2011; Zimmer and Bronshtein, 1996) or cases with a tail-like structure in the
cervical region or upper limb (Gaskill and Marlin, 1989; Mohindra, 2007).

We summarized the information from the collected case reports focusing on sex, location
(vertebral and lateral levels), contents, and associated anomalies. Their tendencies were

investigated.

RESULTS

A total of 195 cases were identified, and we summarized the information in
Supplementary Table 1. The number of cases reported in Japanese from 1941 to 2016 was 95
(68 articles). The number of cases reported in English from 1881 to 2017 was 97 (60 articles),

and the patients’ nationalities varied (e.g., USA, UK, Canada, India, Israel, Turkey, Japan,



China, etc.).

Sex and age

Among 195 cases, 84 male patients and 79 female patients had the anomaly (Table 2). The
frequency of the anomaly was not significantly different between sexes (chi-square test,
p>0.05).

Except for 20 cases where patients were older than 11 years and five cases without
information on age, most cases were reported in neonates and infants (Supplementary Table
1). This is simply due to the ease of identifying this anomaly and parents being eager to

eliminate the “tail” as soon as possible.

Contents of the “tail” and its location

Among 195 cases collected in this study, tails in 35 cases contained bony or cartilaginous
elements (Table 2). Since palpation and radiography can easily confirm the presence of bone
or cartilage, human tails with bones have frequently been reported (Miller, 1881). The bone
inside the tail can be divided into two types: coccyx and non-coccyx. In most cases, the bony
human tail is caused by a protrusion of the coccyx (26/35 cases). In these cases, the human
tail tends to be small and semi-spherical (Nitta et al., 2010). When the coccyx protrudes and
forms the “human tail,” the number of caudal vertebrae constituting the coccyx is normal (2—4
vertebrae), and there are no additional vertebrae. This type of human tail is likely observed on
the midline at the sacrococcygeal level.

Human tails with non-coccyx bony elements were rare (Table 2). In many cases of the

non-coccyx human tail, bones and cartilaginous elements were present. These bones and/or



cartilages did not articulate with the sacrum or coccyx, and their locations were often far from
the vertebral column. Thus, these bones and cartilage were not considered additional
vertebrae. This type of human tail is also observed on the midline in the lumbar or
sacrococcygeal region, cephalad with respect to the natal cleft. In contrast, the majority of the

195 cases collected in this study were boneless (132 cases, Table 2).

Associated anomalies

In most cases, the human tail was associated with anomalies. Among them, spinal
dysraphism (including both skeletal and neural anomalies) were the most common, present in
80 cases (Table 3). Dysraphic spinal cord malformation was reported in 63 cases. Previously,
spinal cord malformations have been classified in various ways. In this study, we referred to
Raimond (1998) and the “Clinical guidelines for lower urinary tract dysfunction in patients
with spina bifida,” which was presented in 2017 by the Japanese Continence Society and the
Japanese Urological Association. As a result, myelomeningocele (cyst which involves the
inside of the spinal cord) was observed in 13 cases. Meningocele (cyst which involves just the
meninges and the spinal fluid) was lesser reported than myelomeningocele (6 cases). Spinal
lipoma (24 cases) and tethered cord syndrome (28 cases) were also commonly observed. In
several cases, multiple spinal anomalies were noted. Especially, tethered cord syndrome is
accompanied with lipoma or myelomeningocele. Additionally, brain and craniofacial
anomalies or cardiovascular anomalies tended to be associated with spinal anomalies. In these
cases, the human tail was observed on the midline from the lumbar to the sacrococcygeal
region, cephalad to the natal cleft. The number of cases was not significantly different

between sexes.



With the exception of spinal cord malformations, para-anal anomalies including
imperforate anus and anovestibular fistula were observed. These anomalies were not
associated with spinal anomalies. In cases with para-anal anomalies, the human tail tended to
occur at the para-anal level. The number of cases was not significantly different between
sexes.

The remainder of the 49 cases did not have any associated anomalies, according to the
descriptions in the articles. However, these reports were written in the 1980s, before the use
of CT and magnetic resonance imaging (MRI) became widespread. As such, associated
anomalies may have been overlooked. For example, the case reported by Harrison (1901)
showed a potential sign of tethered cord syndrome, although this was not mentioned. The
actual incidence of associated anomalies is thus expected to be higher than the number of

cases reported in this study.

A new classification of the “human tail”

We summarized the findings of 195 cases and observed that the human tail can be
classified into four types based on its contents and location (Fig. 2). The anomalies associated
with the human tail tended to vary among types (Table 4). As described above, the human tail
i1s not merely a cutaneous appendage in most cases. Careless surgical ablation may cause
serious effects that could significantly damage patients’ quality of life. Therefore, the results
of this study supports a novel classification scheme based upon the cranio-caudal location and

intrinsic architecture of the tail that may facilitate clinical management.

Type I: Human tail containing bones or cartilage



Palpation and radiography can correctly and easily diagnose type I “human tail.” Type |
can be divided into two types based on the characteristics of the coccyx (type la) and

non-coccyx (type Ib) bony elements.

Type Ia: Human tail caused by the protrusion of the coccyx

Most type I cases are classified into type la with protrusion of the coccyx. The number of
caudal vertebrae (constituting the coccyx) are normal (4—6 at most), the coccyx protrudes, and
a small and semi-spherical structure is formed on the midline of the sacrococcygeal region,
predominantly just above the natal cleft. These signs are likely observed when the size of the
coccyx is larger than the body size or when the curve of the coccyx is deformed naturally or
by subluxation. Patients typically have tenderness in the sitting position and visit outpatient
clinics for evaluation. This type of human tail is hard, and it barely contains any tissues other
than the coccyx. As a result, almost half of these cases were not associated with other
anomalies (14/26 cases, Table 4), but there were some cases associated with spinal cord
malformations (tethered cord syndrome and lipoma) and brain anomalies. As for clinical
management, partial or complete surgical ablation of the coccyx was performed in many cases,
and the tenderness in the sitting position was improved. However, this type is possibly
associated with neural anomalies (although the incidence is lower compared with other tail
type). Thus, preoperative examinations using radiography, CT, and spinal MRI are essential

for exploring abnormal vertebral morphology.

Type Ib: Human tail with non-coccyx bony or cartilaginous elements

If bony or cartilaginous elements contained in the human tail are not part of the coccyx,



such cases are defined as type Ib. This type can easily be distinguished from type la because
the bony elements do not articulate with the vertebrae in this type. The incidence of dysraphic
spinal cord malformations (lipoma, myelomeningocele with tethered cord) or teratomas is
higher than that of type Ia. In type Ib, ectopic bones or cartilage are derived from aberrant
mesodermal tissues around the unclosed neural tube or excessively formed in teratomas or
lipomas. Half of the cases of this type are observed in the lumbar region, and the other half
are observed in the sacrococcygeal region. If dysraphic spinal cord malformations are
observed on radiography or CT, additional MRI is recommended because the incidence of

tethered cord syndrome is high in this type.

Type II: Human tail without bones or cartilage

The human tail without bones or cartilage is defined as type II. Type II human tail is soft
with more varied morphology than that of type 1. Its location also tends to vary from lumbar
to para-anal, and this is related to the associated anomalies. Type Il can be further subdivided

based on location.

Type Ila: Human tail (without bones/cartilages) located higher than the natal cleft

In this study, most human tails were classified under this type, which usually occurs in the
lumbar or sacrococcygeal region and is higher than the natal cleft. In many cases, the tail is
positioned on the midline, but is sometimes located to the left or right. Thin and long
cylinder-like or conical shapes are frequent. Histologically, the tail is mainly formed by
mature adipose tissue, and fibrous cord-like structures are often present.

This type is highly associated with dysraphic spinal cord malformations (44/92 cases).



Lipoma was the most commonly observed (19 cases), and myelomeningocele (8 cases) or
meningocele (6 cases) was also observed. Tethered cord syndrome was reported in 29 cases,
and it was accompanied with lipoma (14/29 cases) and myelomeningocele (5/29 cases). A
tumor or dimple at the base of the tail or a groove near the tail and/or tuft of hair on the dorsal
side increase the possibility of associated spinal cord malformations. Clinically, if the patient
has a tail-like structure higher than the natal cleft, the clinician must not cut the tail without a
full preoperative examination. This type of tail is highly associated with tethered cord
syndrome. Simple ablation can cause serious damage, which may significantly diminish the
patients’ quality of life, such as development of bowel/bladder dysfunction or
movement/neurological disorders of the hind limbs. Moreover, these after-effects may not
necessarily occur during the postoperative follow-up period. Although the tail is mostly
ablated during infancy, tethered cord syndrome is possibly caused by the radical increase in

height during the growth period, 10 years or more after surgery (Ersahin and Gezen, 1993).

Type IIb: Human tail (without bones/cartilages) positioned lower than the natal cleft

Type IIb tails develop around the para-anal region, which is lower than the origin of the
natal cleft. This type is often positioned to the left or right. Its morphology tends to be short
with a small cylinder or cone shape. In contrast to type Ila, which is highly associated with
dysraphic spinal cord malformations, this type tends to be associated with concurrent
para-anal anomalies (10/33 cases), such as imperforate anus and perineum dysplasia. This
type of tail occasionally contains muscle fibers, some of which are striated and connected to
the external anal sphincter muscle. In such cases, the tail may exhibit voluntary movements.

Another main component of the tail tends to be mature adipose tissue similar to that in type

10



[la. This tail rarely involves cord-like structures. In cases with a cord-like structure, the cord
is mostly muscular and not fibrous. When muscular elements are present in the tail, the
nervous and vascular systems are often present in the muscle but never invade into the
vertebral canal. Although this type of tail is rarely associated with spinal anomalies,

angioplasty of the anus or perineum is required in some cases.

DISCUSSION
Main findings

As stated in the results section, the “human tail” can be classified into four different types.
A more detailed summary of previous case reports uncovered two important findings: (1) the
cause of this anomaly possibly differs even though the “tails” closely resemble each other in
appearance, and (2) its position tends to correlate with certain anomalies and associated
causes.
Possible reasons for various types of “human tail”

Distinguishing these four types by morphology alone may be difficult, but they are

assumed to be caused by completely different factors.

Type Ia: Protrusion of the coccyx

As stated above, type la tails could be distinguished from others relatively easily. Although
the number of coccyx is normal, oversize or mal-curvature of the coccyx could cause this type
of tail. Since it is caused by a protrusion of the coccyx, the tail is usually on the midline and

rarely associated with other anomalies.
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Type Ib: Ectopically generated cartilaginous/bony elements by tumors

The cartilaginous/bony elements contained in this type of tail are not part of the vertebrae.
Since these cases are often associated with spinal lipoma or teratoma, the non-coccyx bony
elements may be derived from aberrant mesodermal tissue around the defective neural tube
and could then be ectopically formed. In cases associated with teratoma, the human tail
contains ectopic smooth muscle or digestive tract tissue as well as cartilage (Ishikura and

Tsukada, 1989; Mori, 1993; Kawashima et al., 2004).

Type Ila: Cutaneous marker of dysraphic spinal cord malformations

It is assumed that this type of tail, highly associated with spinal cord malformations, is
generated by neural tube closure defects. When vertebral hypoplasia occurs, epidermal
ectoderm or surrounding mesodermal tissues possibly enter the vertebral canal from the bifid
region. Such aberrant tissues differentiate into cord-like structures and should cause tethered

cord syndrome when they connect to the spinal cord.

Type IIb: Cutaneous marker of rectal/anal anomalies such as imperforate anus

Notably, this type of tail contains muscular fibers. In some cases, the muscle fibers render the
tail mobile. Considering the components, associated anomalies, and location of this type of
human tail, the tail is not directly related to neural tube closure; rather, it is possibly derived
from a residual of the anal tubercle during perineum formation. Based on these features, it is
assumed that this is a form of tissue malformation is related to rectal or anal anomalies such
as imperforate anus. When these anomalies occur, striated muscle fibers derived from the

sphincter anus or smooth muscle fibers from the dermis of the scrotum/labium or hindgut

12



interfuse. A tail-like structure containing muscle fibers may then be generated. Recently,
several cases have reported that striated muscle fibers inside the tail were connected to the

external anal sphincter muscle (Katsuno and Horisawa, 2008; Saka et al., 2010).

Postnatal and prenatal diagnosis

From the 1880s to 1970s, preoperative diagnosis was made primarily by palpation only,
and radiographs were occasionally taken. In most cases, tail-like structures were simply
ablated. Thus, there have been many cases of ablation without substantial preoperative
examinations. Among these cases, serious sequelae are possibly caused by the operation. As
reported by Kabata et al. (1986), the tail was ablated on the 43rd day after birth based on
information gathered from preoperative radiography studies. However, after 7 months, the
patient claimed to feel some tenderness at the affected area and weak muscle strength and
decreased tendon reflex of the hind limbs. A repeat examination indicated that the patient had
tethered cord syndrome.

The first CT report of the human tail was in 1980 (Ohhara, 1980), and the first MRI report
was in 1988 (Dubrow et al., 1988). MRI is readily available for preoperative evaluation of the
human tail. For instance, the condition of the tethered cord can be accurately diagnosed when
complicated with meningocele (Chakrabotty et al., 1993) or lipoma (Lu et al., 1998; Donovan
and Pedersen, 2005).

Ultrasound sonography (USG) for fetal assessment was developed in the 1980s, and
prenatal diagnosis of the human tail has been performed by USG. The first case of prenatal
USG was performed in 1992 (Abott et al., 1992). Many case reports using USG have been

published to date. In routine fetal assessment of the second and/or third trimester, no spinal
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defects or masses should be observed in transverse and sagittal views (Salomon et al. 2011;
American Institute of Ultrasound in Medicine, 2013). The human tail can be detected during
observation of the lower spinal part; however, it is still necessary to examine the presence of
the human tail. The natural courses of the human tail are varied; the tails get smaller naturally
in some cases (Efrat et al., 2001; Grangé et al., 2001; Zimmer and Bronshtein, 1996). To
conclude, the human tail should be assessed in regular screening by USG following prenatal
and/or postnatal MRI scan for further diagnosis (Mohindra et al., 2007). Sequential

assessment during prenatal to postnatal periods will reduce unwanted sequelae.

Acknowledgements
We sincerely thank Professor Yuji Nakajima of the Graduate School of Medicine, Osaka City

University in Japan for his generous assistance and constructive suggestions.

Statement of Ethics

The authors have nothing to declare.

Disclosure Statement

The authors have no conflicts of interest to declare.

Funding Sources

This work was supported by JSPS KAKENHI Grant Number JP18K 15008 and ISHIZUE

2019 of Kyoto University Research Development Program.

14



Author Contributions

Dr. Sayaka Tojima undertook the main part of this study (such as data accumulation, analyses,
and proposal of the new classification of the human tail). Professor Shigehito Yamada
contributed to a part of the discussion on post- and prenatal diagnosis from a clinical point of

view.

15



REFERENCES

Abbott, J. F., Davis, G.H., Endicott, B., Pfleghaar, K., & Wapner, R.J. (1992). Prenatal
diagnosis of vestigial tail. J Ultrasound Med, 11: 53-55.

American Institute of Ultrasound in Medicine. (2013). AIUM practice guideline for the
performance of obstetric ultrasound examinations. J Ultrasound Med 32, 1083-101.

Bar-Maor, J.A., Kesner, K.M., & Kaftori, J.K. (1980). Human tails. J Bone & Joint Surg 62-B,
508-510.

Bartles, M. (1884). Die geschwdinzten Menschen. In, Ecker, A., editor. Archiv fiir
Anthropologie: Zeitschrift fiir Naturgeschichte und Urgeschichte des Menschen.
Germany: hansebooks p. 45-132 (in German).

Chakrabortty, S., Oi, S., Yoshida, Y., Yamada, H., Yamaguchi, M., Tamaki, N., & Matsumoto,
S. (1993). Myelomeningocele and thick filum terminale with tethered cord appearing as a
human tail. Case report. J Neurosurg 78, 966-969.

Dao, A.H. & Netsky, M.G. (1984). Human tails and pseudotails. Hum Pathol 15, 449-453.

Donovan, D.J. & Pedersen, R.C. (2005). Human tail with noncontiguous intraspinal lipoma
and spinal cord tethering: case report and embryologic discussion. Pediatr Neurosurg 41,
35-40.

Durbow, T.J., Wackym, P.A., & Lesavory, M.A. (1988). Detailing the human tail. An Plast
Surg 20, 340-344.

Efrat, Z., Perri, T., Meizner, 1., Chen, R., Ben-Rafael, Z., & Dekel, A. (2001). Early
sonographic detection of a ‘human tail’: a case report. Ultrasound Obstet Gynecol 18,
534-535.

Ersahin, Y., Gezen, F., & BedUk, A.B. (1993). Neuroectodermal Appendage : A Case Report

16



and Review. Turk Neurosurg 3, 25-27.

Fallon, J.F. & Simandl, B.K. (1978). Evidence of a role for cell death in the disappearance of
the embryonic human tail. Am J Anat 152, 111-130.

Fleagle, J. G. (2012) Primate Adaptation and Evolution, third edition. San Diego: Academic
Press.

Grangé, G., Tantau, J., Pannier, E., Aubry, M.C., Viot, G., Fallet-Bianco, C., Terrasse, G.,
Cabrol, D. (2001). Prenatal diagnosis of fetal tail and postabortum anatomical description.
Ultrasound Obstet Gynecol 18, 531-533.

Gaskill, S.J. & Marlin, A.E. (1989). Neuroectodermal appendages: the human tail explained.
Pediatr Neurosci 15, 95-99.

Giroud, A.J.S. & Pernet-Robert, J. (1966). L’appendice caudal du nouveau-ne. Arch Fra
Pediatr 23, 603-611 (in French).

Hamoud, K. & Abbas, J. (2011). A tale of pseudo tail. Spine 36, E1281-1284.

Harrison, R.G. (1901). On the occurrence of tails in man, with a description of the case
reported by Dr. Watson. Bull Johns Hopkins Hosp 12, 96-101.

Ishikura, N. & Tsukada, S. (1989). A case of caudal appendage (human tail) with smooth
muscle bundles. J Jpn PRS 9, 137-141 (in Japanese with English abstract).

Kabata, H., Fukuda, S., Nakashima, H., Nishimi, T., Hashimoto, T., Utsunomiya, H., Hayashi,
T. (1986). An extremely immature infant with a human tail. Nervous System in Children
11, 343-347 (in Japanese with English abstract).

Katsuno, S. & Horisawa, M. (2008). A case of perianal human tail. JSPS 44, 808-813 (in
Japanese with English abstract).

Kawashima, N., Honna, T., Kuroda, T., Nakano, M., Tanaka, K., Morikawa, N., Kitano, Y., &

17



Matsuda, H. (2004). A case of true human tail with teratoma. JSPS 40, 37-42 (in Japanese
with English abstract).

Lu, F.L., Pen-Jung, W., Ru-Jeng, T., & Kuo-Inn, T.Y. (1998). The human tail. Pediatr Neurol
19, 230-233.

Miller, C.H. (1881). Tailed humanity. Med Surg Reporter 45, 165-166.

Mohindra, S. (2007). The ‘human tail’ causing tethered cervical cord. Spinal Cord 45,
583-585.

Mori, T., Tokumitsu, T., Yoshino, E., Yamaki, T., Ueda, S., Kadono, Y., & Tokiwa, K. (1993).
Sacrococcygeal teratoma forming a human tail: A case report. Nervous System in
Children 18, 413-417 (in Japanese with English abstract).

Nakatsukasa, M., Tsujikawa, H., Shimizu, D., Takano, T., Kunimatsu, Y., Nakano, Y., &
Ishida, H. (2003). Definitive evidence for tail loss in Nacholapithecus, an East African
Miocene hominoid. J Hum Evol 45, 179-186.

Nakatsukasa, M., Ward, C.V., Walker, A., Teaford, M.F., Kunimatsu, Y., & Ogihara, N. (2004).
Tail loss in Proconsul heseloni. J Hum Evol 46, 777-784.

Nitta, F., Sasaoka, R., Takada, J., Takigami, J., & Hidaka, N. (2010). A case of human tail in
Lennox-Gastaut syndrome. Cent Jpn J Orthop Traumat 53, 1251-1252 (in Japanese with
English title).

Ohhara, Y. (1980). Human tail and other abnormalities of the lumbosacrococcygeal region
relating to tethered cord syndrome. Ann Plast Surg 4, 507-510.

Raimond, A.J. (1998) Pediatric Neurosurgery: theoretical principles-Art of surgical technique,
Second edition. Berlin, Heidelberg: Springer Verlag.

Saka, R., Hasegawa, T., & Sonobe, H. (2010). A case of perianal human tail. JJCS 35, 85-88

18



(in Japanese with English abstract).

Salomon, L.J., Alfirevic, Z., & Berghella, V. (2011). Practice guidelines for performance of
the routine mid-trimester fetal ultrasound scan. Ultrasound Obstet Gynecol 37, 116—126.

Tojima, S. (2013). Tail length estimation from sacrocaudal skeletal morphology in catarrhines.
Anthropol Sci 121, 13-24.

Tojima, S., Makishima, H., Takakuwa, T., & Yamada, S. (2018). Tail reduction process during
human embryonic development. J Anat 232, 806-811.

Ward, C.V., Walker, A., & Teaford, M.F. (1991). Proconsul did not have a tail. / Hum Evol 21,
215-220.

Zimmer, E.Z. & Bronshtein, M. (1996). Early sonographic findings suggestive of the human

fetal tail. Prenat Diagn 16, 360-362.

References listing below are not included in the main text, but in the data.

Please refer to the supporting information.

Akhil, P., Ashutosh, N., Fais, F., Shashank, M., Sanjay, P., Singhal, B.M., Attri, P.C., & Arvind,
G. (2010). True vestigial tail with lumbosacral meningomyelocoel: a rare case report. Br
J Neurosurg, 24, 597-599.

Alashari, M. & Torakawa, J. (1995). True tail in a newborn. Pediatr Dermatol 12, 263-266.

Alexiou, G.A., Sfakianos G, & Prodromou N. 2009. Human tail and spinal dysraphism. J
Pediatr Surg 44, 477-478.

Ando, M. & Ando, S. (1980). Human tail no 2-syourei. Jpn J Plast Surg 23, 79 (in Japanese).

Ando, M., Oyatsu, K., & Sai, H. (1987). Jinbi no setsujo to souheisa. J Jpn PRS 7, 446 (in

Japanese).

19



Ara, M., Sawada, Y., Yamamoto, A., & Sugawara, M. (1987). Caudal appendage no 1-rei. J
Jpn PRS 7, 82 (in Japanese).

Asano, S., Wakayama, M., Wakasa, K., Matsubara, F., & Chika, K. (1978). 4kagetsu-danji ni
mirareta tail-you structure. JSPS 14, 479 (in Japanese).

Bai, D.M., Kalidasan, V., Govindarajan, R., & Shanbhogue, H.R. (1994). Human tails.
Pediatr Surg Int 9, 133-134.

Baruchin, A.M., Mabhler, D., Hauben, D.J., & Rosenberg, L. (1983). The human caudal
appendage (human tail). Br J Pediatr Surg 36, 120-123.

Baxland, P. J. (1950). A vestigial tail. Br Med J, 2, 870-871.

Belzberg, A.J., Myles, S.T., & Trevenen, C.L. (1991). The human tail and spinal dysraphism.
J Pediatr Surg 26, 1243-1245.

Berry, J. (1894). Baby with a tail. Memphis Med Month 14, 105.
Cai, C., Shi, O., & Shen, C. (2011). Surgical treatment of a patient with human tail and
multiple abnormalities of the spinal cord and column. Adv Orthopedics 2011, 153797.
Chauhan, S.P.S., Gopal, N.N., Jain, M., & Gupta, A. (2009). Human tail with spina bifida. Br
J Neurosurg 23, 634-635.

Chiba, F., Masumoto, K., Takayasu, H., Aiyoshi, T., Fujii, S., Sasaki, T., Gotoh, C., Urita, Y.,
Shinkai, T., & Tanaka, H. (2016). A neonate case with congenital perianal lipoma. JSPS
52, 1056-1060 (in Japanese with English abstract).

Chiba, T. & Hamada, C. (2004). A case of human tail with protruding coccyx. Surgery 66,
728-730 (in Japanese with English title).

Ente, G., Penzer, P.H., Kenigsberg, K., & Sherman, J. (1991). The human tail. NY State J Med

91, 506-507.

20



Falzoni, P., Boldorini, R., Zilioli, M., & Sorrentino, G. (1995). Coda umana Osservazione di
un caso clinic di retroposizione coccigea in eta pediatrica. Minerva Pediatr 47, 489- 491
(in Italian).

Fara, M. & Smabhel, J. (1973). Human tail. Acta Chir Past 15, 184-189.

Farook, S., O’kane, R., & Tyagi, A. (2008). Tale of a human tail: case report of a torted
human tail. Br J Neurosurg 22, 135-136.

Fitzgerald, K. (2011). Ultrasound examination of the neonatal spine. AJUM 14, 39-41.

Froster, U.G., Rehder, H., H6hn, W., & Oberheuser, R. (1993). Craniofacial anomalies,
abnormal hair, camptodactyly, and caudal appendage (Teebi-Shaltout Syndrome): clinical
and autopsy findings. Am J Med Gen 47, 717-722.

Fujiwara, M., Iwasaki, Y., Hida, K., Imamura, H., & Abe, H. (1994). Human tail oyobi
nibun-sekitsui wo gappeishita sekizui-shibousyu no 1-rei. The Journal of the Japan
Medical Society of Paraplegia 7, 304-305 (in Japanese).

Hamada, N., Kurose, K., Hayakawa, H., Shimada, H., Nei, M., Sakihama, H., & Hashimoto,
T. (1999). Jinbi no 3-rei. The Nishinihon J Dermatol 61, 104 (in Japanese).

Harirah, H., Hsu, C., Bahado-Singh, R., & Copel, J.A. (2000). Human caudal appendage
diagnosed prenatally with ultrasound. Obstet Gynecol 95, 1038.

Herman, T.E. & Siegel, M.J. (2008). Human tail-caudal appendage: tethered cord. J Perinatol
28, 518-519.

Hirasawa, M., Miyamoto, K., Fujimori, T., & Sasashima, T. (2006). Einbusyuryu no 3-rei —
human tail ni tsuite no kosatsu. JSPS 42, 297-298 (in Japanese).

Hornitzki, P. (1940). Ein fall des wirbelshwanzes bei einem kinde. Zentralbl Chir 23,

1051-1056 (in German).

21



Ichimura, S., Jono, M., Matsunaga, W., & Ono, T. (1989). Human tail -
senzaisei-nibunn-sekitsui ni heihatsu-shita 1-rei. Rinsho Derma (Tokyo) 31, 881-884 (in
Japanese).

Ishikawa, E., Enomoto, T., Kimura, H., Aoki, T., & Nose, T. (1997). Human tail —A report of
two cases—. Nervous System in Children 22, 32-39 (in Japanese with English abstract) .

Islam, K. (2002). Child with a tail. Indian J Pediatr 69, 819-820.

Ito, H., Koike, M., Watanabe, K., Makino, N., Yamakawa, M., Sashida, J., Kosaka, M., &
Furuse, H. (1976). Two cases of caudal appendage (Human tail) —The first report from
Japan-. Jpn J Plast Surg 19, 176-181. (in Japanese with English abstract.)

Iwasaki, K., Kambe, N., Nakamoto, S., & Yamasaki, T. (1987). Jinbi no 1-rei. Rinsho Derma
(Tokyo) 29, 804-805 (in Japanese) .

Iwasaki, M., Endoh, Y., Nakai, M., Kasahara, S., Furuta, A., Imai, T., Fukuda, S., Kobayashi,
H., & Saiga, T. (2007). A clinical case report of mature teratoma and pseudo-human tail
with spina bifida in a 6-year-old boy. JSPS 43, 155-160 (in Japanese with English
abstract.)

Jolly, H. (1963). Baby with a tail. Arch Dis Child 38, 524-525.

Kabra, N.S., Srinivasan, G., & Udani, R.H. (1999). True tail in a neonate. /ndian Pediatrics
36, 712-713.

Kansal, R., Agrawal, N., Khare, S., Khare, A., Jain, S., & Singhal, B.M. (2010). Newborn
with tail - A genetic throwback. People’s Journal of Scientific Research 3, 15-17.

Kawamura, S., Kashiwa, N., Moriguchi, T., & Tani, T. (1985). Two cases of human tail. Jpn J
Plast Surg 28, 437-442 (in Japanese with English abstract).

Kawano, T., Mori, K., Kinoshita, S., Kusumoto, T., Kuroda, S., Yonekawa, Y., & Sasaki, K.

22



(1991). Two cases of caudal appendage (human tail). Progress in CT 13, 345-350 (in
Japanese with English abstract).

Kikuchi, T., Kamio, M., Ogawa, T., & Sanada, S. (1988). Spinal lipoma with a human tail — A
case report—. Nervous System in Children 13, 303-307 (in Japanese with English
abstract).

Kiuchi, T. & Watanabe, K. (2000). Shin no human tail no 1-rei. Medical Journal of Nishio
Municipal Hospital 11, 40-43 (in Japanese).

Komai, M. & Oshima, Y. (1978). Human tail no 1-rei. Jpn J Plast Surg 21, 326-327 (in
Japanese).

Kumar, D. & Kapoor, A. (2012). Human tail: nature's aberration. J Child Neurol 27, 924-926.

Ledley, F.D. (1982). Evolution and the human tail A case report. N Eng J Med 306,
1212-1215.

Lin, PJ., Chang, Y.T., Tseng, H.I, Lin, J.Y., & Huang, Y.S. (2007). Human tail and
myelomeningocele. Pediatr Neurosurg 43, 334-337.

Lundberg, G.D. & Parsons, R.-W. (1962). A case of a human tail. Am J Dis Child 104, 72-73.

Matsuda, H., Hata, Y., Yano, K., Matsuka, K., Ito, O., Furuichi, H., & Shibamoto, H. (1991).
Two cases of human tail. JSPS 23, 1267-1274 (in Japanese with English abstract).

Matsumoto, S., Yamamoto, T., & Okura, K. (1994). Human tail associated with
lipomeningocele. Neurol Med Chir (Tokyo) 34, 44-47.

Matsuo, T., Koga, H., Moriyama, T., Yamashita, H., Imazato, K., & Kondo, M. (1993). A case
of true human tail accompanied with spinal lipoma. Neurol Surg 21, 925-929 (in Japanese
with English title).

Matsushige, K. & Hayakawa, M. (1941). Jinbi no 1-rei. Archiv fiir Japanische Chirurgie 18,

23



250 (in Japanese).

Matsuzawa, Y., Nakano, R., Sahashi, G., Sakuma, 1., & Nishida, H. (2002). Tethered cord
syndrome wo gappei-shita human tail no 1-rei. J Jpn Pediatr Soc 106, 305 (in Japanese.)

Mukhopadhyay, B., Shukla, R.M., Mukhopadhyay, M., Mandal, K.C., Haldar, P., & Benare, A.
(2012). Spectrum of human tails: A report of six cases. J Indian Assoc Pediatr Surg 17,
23-25.

Muthukumar, N. (2004). The "human tail": a rare cause of tethered cord: a case report. Spine
29, E476-478.

Muthukumar, N. (2014). A bony human tail causing tethered cord syndrome: case report.
Childs Nerv Syst 30, 703-707.

Nakagawa, T. & Inoue, Y. (1995). A family case of human tails. J Jpn PRS 15, 588-592 (in
Japanese with English abstract).

Nakakita, T. & Akiyama, N. (1981). Human tail no 1-rei. Nishinihon J Dermatol 43, 301-302
(in Japanese).

Nishimura, Y., Tsuji, N., & Kido, T. (1998). Human tail (Lipomyelomeningocele) no 1-rei.
Osaka City Med A 47, 439 (in Japanese).

Noack, F., Reusche, E., & Gembruch, U. (2003). Prenatal diagnosis of 'true tail' with cartilage
content? Fetal Diagn Ther 18, 226-229.

Ochiai, H., Yamakawa, Y., Ikeda, T., & Miyake, K. (1996). Human tail with meningocele —
case report—. Nervous System in Children 21, 328-333 (in Japanese with English
abstract).

Odagiri, N., Uchida, T., Toyono, M., Omori, N., Nemoto, H., Saito, H., Jingu, A., Sato, H., &

Takahashi, H. (1993). Human tail (caudal appendage) no 1-syourei. JSPS 29, 1342 (in

24



Japanese).

Odeku, E.L. (1970). A case of human pseudo-tail. The WAML 19, 115-116.

Ohhama, K. & Tsuchia, T. (1997). Human tail 3-rei no keiken. JSPS 33, 126 (in Japanese).

Ohshima, Y., Nishino, K., Okuda, Y., Murakami, A., Kido, A., Komai, M., & Kimura, K.
(1988). Caudal appendage (human tail) no 1-rei. Rinsho Derma (Tokyo) 30, 280-281 (in
Japanese).

Ohsumi, N., Tanno, T., & Yamamoto, M. (1992). Spina bifida occulta associated with
constriction band on buttock, human tail, sacral lipoma and coccygeal dermal sinus. J Jpn
PRS 12, 31-38.

Oura, H., Nomoto, M., & Urano, Y. (1995). Jinbi no 1-rei. Rinsho Derma (Tokyo) 37,
745-748 (in Japanese).

Parsons, R.W. (1960). Human tails. Plast Reconstr Surg 25, 618-621.

Pillai, M.K. & Nair, S.T. (2017). A True Human Tail in a Neonate: Case report and literature
review. Sultan Qaboos Univ Med J 17, €109-e111.

Puvabanditsin, S., Garrow, E., Gowda, S., Joshi-Kale, M., & Mehta, R. (2013). A gelatinous
human tail with lipomyelocele: case report. J Child Neurol 28, 124-127.

Raman, R. M.J.G. (2013). Sacral lipomyelocele presenting as a human tail. JEMDS 2,
892-898.

Reynolds, R.J. (1932). A case of occult tail. Br J Radiol 5, 457.

Saeki, M., Orita, T., Harada, M., Kurimoto, K., Yoshida, M., & Tezuka, T. (1992). A case of
occult spinal dysraphism with human tail. Acta Dermatol-Kyoto 87, 311-316 (in Japanese
with English abstract).

Sagehashi, N., Harada, K., Sakai, M., & Takahama, H. (1990). Kokyuukanri ni mondai wo

25



syoujita jinbi wo tomonau Crouzon-syoukougun no 1-rei. J Jpn PRS 10, 847 (in
Japanese).

Saito, K., Mitsukawa, N., Yokoyama, T., Yoshikawa, A., Suse, T., & Higaki, K. (2006). Three
cases of true human tail. Jpn J Plast Surg 49, 1157-1162 (in Japanese with English
abstract).

Sakurai, M., Honna, T., Tanaka, K., Furumura, M., & Kurobe, H. (1999). Human tail (caudal
appendage) no 1-rei. JSPS 35, 130 (in Japanese).

Salunke, P., Sura, S., Tripathi, M., & Mukherjee, K. (2011). Human tail continuing as
transitional lipoma. Neurol India 59, 637-638.

Samura, K., Morioka, T., Hashiguchi, K., Yoshida, F., Miyagi, Y., Yoshiura, T., Suzuki, S.O.,
& Sasaki, T. (2009). Coexistence of a human tail and congenital dermal sinus associated
with lumbosacral lipoma. Childs Nerv Syst 25, 137-141.

Sarmast, A.H., Showkat, H.I., Mir, S.F., Ahmad, S.R., Bhat, A.R., & Kirmani, A.R. (2013).
Human born with a tail: A case report. SAJCH 7, 38-39.

Sato, M., Ikeda, J., Jinbo, Y., Sugamata, A., & Makino, T. (1988). Shin no human tail no
2-syourei. J Jpn PRS 8, 1158-1159 (in Japanese).

Sawada, Y., Ara, M., Tsunoda, T., & Watanabe, M. (1986). A case of caudal appendage.
Japanese Journal of Clinical Dermatology 40, 677-680 (in Japanese with English title).

Segawa, O., Kamikawa, H., Kawashima, A., Jibiki, N., Hirosawa, C., Kimura, M., Yamauchi,
K., Yamaguchi, S., Hashimoto, T., Kameoka, S., & Nagai, M. (2002). Tethered cord
syndrome wo teishi jutsutyuu shinkei-naishikyou wo sekou-shita human tail no 1-rei.

JSPS 38, 593 (in Japanese).

Seromenho-Santos, A., Valsassina, R., Pimentel, J., Miguéns, J., & Faria, C.C. (2017).

Lumbar pseudo-tail associated with dermal sinus — A case report. Neurocirugia 28,

26



294-297.

Shad, J. & Biswas, R. (2012). An infant with caudal appendage. BMJ Case Reports, doi:
10.1136/ber.11.2011.5160.

Singh, D.K., Kumar, B., Sinha, V.D., & Bagaria, H.R. (2008). The human tail: rare lesion with
occult spinal dysraphism--a case report. J Pediatr Surg 43, e41-43.

Sonoda, M. & Sato, M. (2007). Human tail no 1-rei. JSPS 43, 970 (in Japanese).

Spiegelmann, R., Schinder, E., Mintz, M., & Blakstein, A. (1985). The human tail: a benign
stigma. Case report. J Neurosurg 63, 461-462.

Sugamata, A., Sato, M., Ikeda, J., Kinoshita, J., Tanihira, S., & Makino, K. (1988). Two cases
of a true human tail. Jpn J Plast Surg 31, 1072-1077 (in Japanese with English abstract).

Suzuki, N., Matsuyama, S., Kuroiwa, M., & Suzuki, K. (1989). Setujogo ni kibusyuuhen ni
kekkansyu ga arawareta anal appendage (human tail?) no 1-rei. JSPS 25, 872 (in
Japanese).

Tahara, S., Susuki, T., Kikui, T.A., & Hosokawa, K. (1983). A case of human tail. The
Medical Journal of Sumitomo Hospital 10, 102-104 (in Japanese with English title).

Takahashi, S., Tamura, K., Nagae, 1., Yagyu, M., Tanabe, Y., Minato, S., Aoki, T., & Koyanagi,
Y. (2003). A case of anovestibular fistula accompanied by human tail. JSPS 39, 658-611
(in Japanese with English abstract).

Talwalker, V.C. (1982). Tale of a tail. N Engl J Med 307, 1089.

Tamanaha, E. & Henzan, H. (1977). Caudal appendage (Human tail). Pediatrics of Japan 18,
963-964 (in Japanese with English title).

Tavafoghi, V., Ghandchi, A., Hambrick, G.W., & Udverhelyi, G.B. (1978). Cutaneous signs of

spinal dysraphism. Report of a patient with a tail-like lipoma. Arch Dermatol 114,

27



573-577.

Teebi, A.S. & Shaltout, A.A. (1989). Craniofacial anomalies, abnormal hair, camptodactyly,
and caudal appendage. Am J Med Gen 33, 58-60.

Tosa, M., Hirai, T., Motobu, Y., & Hyakusoku, H. (2002). True human tail no 1-rei. J Jpn PRS
22, 783-787 (in Japanese).

Tsugawa, J., Omura, N., Bito, Y., Hatayama, O., & Yamamoto, T. (2003). Human tail (jinbi)
no l-rei. JSPS 39, 1013 (in Japanese).

Tsuji, T., Yoshida, T., Okamoto, H., Saito, T., Ueno, Y., Hotta, S., & Kubo, M. (2002).
Shinsei-jinbi wo gappeishita Crouzon-syoukougun no 1-rei. Pediatrics of Japan 43,
1805-1807 (in Japanese).

Turk, C.C., Kara, N.N., & Bacanli, A. (2016). The Human Tail: A Simple Skin Appendage or
Cutaneous Stigma of an Anomaly? Turk Neurosurg 26, 140-145.

Ueno, T., Okuzono, S., Nagasaki, A., & lkeda, K. (1984). Baby with a tail. JSPS 20,
1031-1034 (in Japanese).

Venkataramana, N., Rao, S., Naik, A., Awasthy, N., Gupta, H., & Sharma, K. (2008). The tale
of a tail. J Pediatr Neurosci 3, 142-145.

Giroud, A., Salet, J., Pernet —Robert, J. (1966). Caudal appendage in a newborn infant.  Arch
Franc Pediatr 23, 603-611.

Virchow, R. (1984). Tailed, men. NY Medi J 40, 684.

Ward, C.V., Walker, A., & Teaford, M.F. (1991). Proconsul did not have a tail. J Hum Evol 21,
215-220.

White, J.J. & Wexler, H.R. (1973). A baby with a tail. J Pediatr Surg 8, 833-834.

Yamaguchi, Y., Abe, K., Takami, Y., Hatake, K., & Matsuda, M. (1987). Tethered cord

28



syndrome wo tomonatta human tail no 1-syourei. J Jpn PRS 7, 191 (in Japanese).

Yamamichi, T., Harumoto, K., & Shiokawa, S. (2009). Human tail wo gappeishita sako no
1-rei. JSPS 45, 776 (in Japanese).

Yamaoka, T., Hayakawa, K., Nishimura, K., Okano, S., Kususe, S., Ogata, N., & Okumura, A.
(1998). Human tail wo tomonau Crouzon-byou to kangaeteiru 1-rei. JJSPR 14, 66 (in
Japanese).

Yamatani, K., Saitoh, T., Oi, M., Oka, N., Endoh, T., & Takaku, A. (1991). A case of human
tail. Neurol Surg 19, 93-96 (in Japanese with English abstract).

Yokota, S., Miyake, S., Gakumazawa, M., Uechi, M., & Nishiyama, Y. (1979). “A baby with a
tail” no 1-chiken-rei. Pediatrics of Japan 20, 429-431 (in Japanese).

Yoshida, H., Iwahira, Y., & Maruyama, Y. (1996). A familial case of a human tail involving a
sister and a younger brother. Jpn J Plast Surg 39, 509-514 (in Japanese with English
abstract).

Yoshida, Y., Oi, S., Yamada, Y., Tamaki, N., & Matsumoto, S. (1989). Human tail no
1-syujutu-rei. J Osaka City Med A 38, 580 (in Japanese).

Yoshioka, H., Goto, T., & Akiyama, T. (2001). A case of human tail in a 12-year-old boy:
review of 49 Japanese human tail cases. JSPS 37, 831-836 (in Japanese with English

abstract).

29



Legends

Figure 1. Diversity of the “human tail.”
(A) The human tail can be divided into three types based on its location: lumbar,
sacrococcygeal, and para-anal.

(B) The morphology of the human tail varies significantly.

(A) Vertebral level

N

®
(B) Morphology
conical caulescent pump-like penis-like
cylinder pig-tail prominence
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Figure 2. A flow chart for quick diagnosis of “human tail” for clinicians.

Does the tail contain bones or cartilage?

Yes

Type |

Do the bones /cartilage form a part of the coccyx?

Yes

Type | a

No

Type | b

Type Il

Does the tail situate higher than the natal cleft?

Yes

Typell a

No

Typellb

® Mostly found in the midline
of the sacrococcygeal
region,
just above the natal cleft.
® N of the coccyx is normal.
® 50% cases without other
anomalies.

® Mostly found in the lumbar
or sacrococcygeal region

® Bones inside the tail do not
articulate with vertebrae.

® Bones are often generated

by teratoma or lipoma.

® Mostly found in the midline
of the lumbar or
sacrococcygeal region.

® Most common case.

® Highly associated with
spinal cord malformations.

® Mostly found in para-anal
region.

® Highly associated with para-
anal anomalies.

® In some cases, the tail
showed voluntary
movements.
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Table 1 Classifications of “human tail” in previous studies.

Bartles (1884)

Type | Echte Tierschwanze: of real animal type, containing additional vertebrae

Type Il Stummelschwanze: stumpy-conical shaped resembling the embryonic tail

Type II Angewachseneschwanze: contains soft tissue only, with a distally directed apex, the base completely
fused with the coccygeal region

Type IV Schweineschwanzeform: long, thin, boneless, sometimes twisted, like a pig’s tail

Type V Stummelschwanze Mit Knocherneminhalt: conical shape, like Type I, but containing vertebrae

Virchow (1884)

Type 1 Cauda perfecta, with multiplied vertebrae

Type 2 Cauda imperfecta, soft tail without vertebrae

Type 3 Various skin stumps unduly resembling a tail

Harrison (1901)

True human tail

Caudal appendage

The tail consists of a portion containing vertebrae and a portion without vertebrae (caudal filament)

contains only notochord and medullary cord

Giroud (1966)

Type 1l I'appendice caudal avec squelette: caudal appendage with bones
Type 2 I'appendice caudal sans squelette: caudal appendage without bones
Dao & Netsky (1984)
vertebrates, caudal, midline protrusion capable of spontaneous or reflex motion, consisting of skin
True tail covering a combination of muscle, adipose and connective tissue, and normal blood vessels and
nerves
Pseudotail caudal protrusion composed of other normal and abnormal tissues

Katsuno & Horisawa (2008)

True tail

Pseudotail/caudal appendage

Tsuikotsu wo fukumu: human tail with vertebrae

Tsuikotsu wo fukumanai: human tail without vertebrae
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Table 2 Summary of “human tail” in the literature from 1880s to 2017.

Sex Vertebral level Laterality
male  female NA lumbar sacrococcygeal  para-anal NA left midline right NA

Human tail with bones/cartilages 35 cases | 11 22 2 3 25 6 1 2 27 1 5
Protrusion of the coccyx 26  cases | 9 17 0 0 22 4 0 2 22 1 1

with associated anomalies 7 cases | 2 5 0 0 6 1 0 0 7 0 0

without any anomalies 14 cases |4 10 0 0 13 1 0 0 14 0 0

unknown 5 cases | 3 2 0 0 2 3 0 2 2 0 1
Non-coccyx 9 cases | 2 5 2 3 3 2 1 0 5 0 4

with associated anomalies 6 cases | 1 4 1 3 1 2 0 0 3 0 3

without any anomalies 1 cases | 0 1 0 0 1 0 0 0 1 0 0

unknown 2 cases |1 0 1 0 1 0 1 0 1 0 1
Human tail without
bones/cartilages 132 cases | 65 50 17 19 69 33 11 27 50 24 31
with spinal dysraphism 64  cases | 35 27 2 14 41 7 2 14 29 14
with para-anal anomalies 11  cases 5* 0 10 0 2* 2 5
with other anomalies 9 cases | 3 6* 0 1 4 4 0 1* 5 2 1
without any anomalies 30 cases | 19 9 2 3 15 12 0 9 12 4 5
unknown 19 cases | 4 4 11 1 9 0 9 2 2 2 13
Unknown 28 cases |8 7 13 2 13 0 13 3 3 1 21
Total 195 cases | 84 79 32 24 107 39 25 32 80 26 57
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Table 3 Congenital anomalies associated with “human tail”

Sex Vertebral level Laterality

Associated anomalies

N % male  female NA lumbar  sacrococcygeal para-anal NA left midline right NA
Spinal dysraphism
(including both skeletal & neural
anomalies) 80 cases |41.03 |41 30 9 17 46 8 9 14 38 12 16
hypoplasia of vertebral arches
(without any complications ) 17 cases |8.72 |9 7 1 1 13 2 1 5 8 2 2
myelomeningocele * 13 cases | 6.67 |6 3 4 3 5 1 4 2 6 1 4
meningocele 6 cases |3.08 |5 1 0 2 3 1 0 0 5 1 0
lipoma * 24 cases | 12.31 |10 14 0 7 14 3 0 6 9 5 4
tethered cord syndrome * 28 cases | 14.36 |17 7 4 7 16 1 4 6 12 2 8
Para-anal anomalies 11 cases|564 |4 5 2 0 2 8 0 2 3 2 4
imperforate anus (anal atresia) 6 cases [3.08 |2 2 2 0 1 3 2 0 2 0 4
anovestibular fistula 2 cases [1.03 |0 2 0 0 0 2 0 0 1 1 0
anterior anus 1 cases|051 |O 1 0 0 0 1 0 1 0 0 0
bifid scrotum 2 cases [1.03 |2 0 0 0 0 2 0 0 0 0 2
hypospadias 1 cases |051 |1 0 0 0 0 1 0 0 0 0 1
inguinal hernia 1 cases |051 |1 0 0 0 0 1 0 0 0 0 1
perineal lipoma 1 cases|051 |1 0 0 0 0 1 0 0 0 1 0
rectal prolapse 1 cases |051 |1 0 0 0 1 0 0 0 1 0 0
skin erosion 1 cases |051 |0 1 0 0 0 1 0 1 0 0 0
Brain & craniofacial anomalies 12 cases | 6.15 |2 10 0 0 9 2 1 1 5 3 3
Crouzon syndrome 3 cases|154 |0 3 0 0 2 0 1 0 2 0 1
epilepsy 2 cases |1.03 |0 2 0 0 2 0 0 0 1 1 0
hydrocephalus 2 cases [1.03 |0 2 0 0 2 0 0 0 0 2 0
agnesis corpus callosum 1 cases|051 |0 1 0 0 1 0 0 0 1 0 0
cerebral hemorrhage 1 cases |051 |1 0 0 0 0 1 0 0 1 0 0
cloverleaf skull (craniosynostosis) 1  cases |0.51 |0 1 0 0 1 0 0 0 0 1 0
cleft palate 1 cases|051 |0 1 0 0 0 1 0 0 1 0 0
cystic hygroma 1 cases |051 |0 0 1 0 1 0 0 0 0 0 1
lissencephaly 1 cases|051 |0 1 0 0 1 0 0 0 0 1 0
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micrognathia
other craniofacial anomalies

Cardiovascular & respiratory
anomalies

angioma (including angiolipoma)
ventricular septal defect

patent ductus arteriosus
pulmonary hypoplasia

tetralogy of Fallot

polycythemia

Other anomalies

limb hypoplasia (polydactyly,
syndactyly, camptodactyly,
clubfoot, etc.)

dysuria

neurological disorders of hind
limbs

teratoma

absent right umbilical artery
diaphragmatic hernia
horseshoe kidney
hypoglycemia

Meckel diverticulum
omphalocele

unicornuate uterus
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* tethered cord syndrome was accompanied with myelomeningocele or lipoma in several cases.

33



Table 4 A new classification of the “human tail” for clinicians and the number of the cases of each type.

Sex
male female NA
Type la 26 cases |9 17 0
with dysraphic spinal cord malformations* 2  cases | 1 1 0
with para-anal anomalies 0 cases|O 0 0
with other anomalies * 5 cases |0 5 0
without any anomalies 14 cases | 4 10 0
unknown 5 cases |3 2 0
Type Ib 8 cases|?2 5 1
with dysraphic spinal cord malformations 3 cases |1 2 0
with para-anal anomalies 0 cases|O 0 0
with other anomalies 2 cases |0 2 0
without any anomalies 1 cases |0 1 0
unknown 2 cases |1 0 1
Type lla 92 cases | 50 36 6
with dysraphic spinal cord malformations * 44  cases | 26 16 2
with para-anal anomalies 1 cases |0 1 0
with other anomalies * 20 cases | 10 10 0
without any anomalies 18 cases | 11 2
unknown 10 cases | 4 4 2
Type Ilb 33 cases | 17 14 2
with dysraphic spinal cord malformations 5 cases |2 3 0
with para-anal anomalies 10 cases | 4 4 2
with other anomalies 4  cases |2 2 0
without any anomalies 12 cases | 8 4 0
unknown 0 cases|O 0 0

* several cases accompanied more than one anomalies.



