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Abstract 

Background:  Inguinal pain, unexplained hind limb lameness, back pain or behavioural problems in geldings could 
be attributable to painful neuromas that develop as a consequence of crushing and severing the testicular nerves 
during castration. The presence of neuroma in this anatomical location has never been reported, hence the knowl-
edge of possible clinical relevance is limited. The aim of this study was to histologically investigate the testicular 
nerves at the castration site in geldings for the presence of neuromas. Proximal spermatic cord remnants were col-
lected from 20 geldings admitted to routine post mortem examination for various reasons. The time of castration 
was unknown, but it had not been performed during the last year. Spermatic cord specimens were immersed in 10% 
formalin, trimmed, dehydrated, embedded in paraffin, sectioned and stained with haematoxylin and eosin (HE) for 
light microscopy. Identification of nerve tissue was done by immuno-localization of nerve specific enolase (NSE).

Results:  Neuromas were found in 21 spermatic cords from 13 geldings and were bilateral in eight of the horses. The 
neuromas consisted of areas with small groups of non-neoplastic proliferations of peripheral neural tissue. The tissue 
included neurofilaments and Schwann cells, intermingled or surrounded with, epineural, perineural and endoneural 
fibrous tissue. The neural tissue immunostained positive with NSE.

Conclusions:  This study showed neuromas of the remnant testicular nerves at the site of castration. Further studies 
are required to establish if these neuromas in the castration site are painful and if certain castration methods promote 
their formation. Future studies should also investigate the clinical consequence of these neuromas for the individual 
horse.
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Background
Worldwide, castration is the most commonly performed 
surgery in horses. In Sweden, the majority of stallions are 
castrated in the field at the age of 1–2 years, either dur-
ing a standing procedure, or during lateral recumbency 
induced by short acting intravenous anesthetics. Most of 
these castrations are performed as semi-closed castra-
tions, where testes are removed through scrotal skin and 
parietal vaginal tunic incisions. Hemostasis is achieved 
by crushing of the cord located in the vaginal tunic with-
out use of ligatures. Scrotal wounds are left open for 
drainage. A minority of horses are castrated at hospitals, 
using inguinal or scrotal approaches, closed castration 

and application of ligature for hemostasis and wound clo-
sure for primary healing [1].

Castration is associated with postoperative complica-
tions such as swelling/oedema, haemorrhage, infection, 
septic funiculitis of the stump of the cord eventually 
resulting in ascending peritonitis, omental herniation 
and eventration [1, 2]. While these acute or short-term 
complications are rather well-investigated, late complica-
tions are less studied. Horse owners may present geldings 
with rather vague signs occurring after the castration, 
such as changed behaviour, gait and urination habits or 
decreased riding performance. While there are few stud-
ies on these problems, it is generally accepted that sore-
ness related to the post-operative scar may be as a source 
of gait modification [1]. Treatment includes surgical 
removal of massive scarring tissues, including larger or 
smaller areas of fibrous tissues, at the castration site. But 
no research has been performed on the outcome of the 
surgery or the possible pathology involved.
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The equine testis is innervated by a nerve plexus of 
autonomic sympathetic nerve fibres. These lead from the 
aortic plexus to the caudal mesenteric plexus and from 
the splanchnic lumbar nerve, accompanying the testicu-
lar vessels in the spermatic cord [3]. From a pathologi-
cal perspective, all castration techniques are associated 
with crushing or compression of the spermatic cord tis-
sues. The most common surgical approaches additionally 
involve cutting, tearing or crushing of peripheral nerves 
of the skin, muscle and subcutaneous tissues. The nerves 
severed by the castration comprise the testicular nerves 
of the spermatic cord, and branches of peripheral nerves 
such as those of the somatic genitofemoral, ilioinguinal 
and pudenda nerves that innervate the cremaster muscle, 
scrotal skin and vaginal tunic [4].

When a nerve is severed, the proximal part reacts by 
sprouting multiple axons [5], to connect with the distal 
part of the nerve. These sprouting fibres proliferate into 
the extra-endoneural environment in a disorganized 
way, if the endoneurium is damaged with the distal nerve 
missing. This can also happen due to a too great distance 
between the proximal and the distal nerve ends or if the 
way is blocked by granulation tissue. These scenarios can 
occur after castration. A neuroma can result from the 
bundles of disorganized nerve fibres and Schwann cells 
mixed together with fibroblasts, collagen, capillaries and 
myofibroblasts [5]. The neuroma is often surrounded by 
fibrous tissue proliferating from the perineurium, and the 
size of it depends on the axonal activity and amount of 
fibroblasts and Schwann cells. Most human neuromas 
are asymptomatic [6], but can become painful if chroni-
cally irritated, or if the free nerve endings of the neuroma 
are constantly stimulated.

Neuromas after castration have never been demon-
strated, in either animals or humans. Interestingly, neu-
romas caused by surgical trauma to peripheral nerves are 
described after tail docking in pigs [7–9], lambs [10] and 
dogs [11], after neurectomy in horses [12, 13] and beak 
trimming in poultry [14]. Neuromas are also described 
in shoulder areas of sows with deep ulcerations [15]. In 
human medicine, neuromas following amputation may 
cause chronic or neuropathic pain [16, 17]. In veterinary 
medicine, aversive reactions to touching or palpating 
the area of neuromas are described only briefly in some 
of the above cited literature [11, 12, 15]. This is probably 
due to the lack of validated methods for assessing chronic 
or neuropathic pain in animals.

On the basis of this, we hypothesized that amputation 
neuroma may develop at the castration site in horses, 
and that some of these would produce chronic or neuro-
pathic pain. The aim of this study was to detect the pres-
ence of neuromas involving the testicular nerves more 
than 1 year after castration. This was done by histological 

investigation of the healed castration site of the sper-
matic cord.

Methods
Animals
The study used necropsy material from 20 geldings of dif-
ferent breeds and ages, euthanized for reasons unrelated 
to the urogenital system. The geldings were undergoing 
routine postmortem examination at the Swedish Uni-
versity of Agricultural Sciences (SLU). As a control, nec-
ropsy material (spermatic cord and testicular nerves) was 
collected from a stallion (Icelandic breed, age 3  years). 
The castration histories of the 20 geldings were not 
known, but the castration had not been performed dur-
ing the previous year.

Dissection of the castration site
With the horse in dorsal recumbence, the inguinal tissue 
was dissected from the area of the external inguinal ring 
and towards the castration scar in both sides, to reveal 
the amputation site of the spermatic cord. The cord was 
grossly inspected for appearance in  situ. The remaining 
right and left spermatic cords and attached surround-
ing tissues were dissected and removed in toto. All the 
resected tissues were immersed in 10% neutral buffered 
formalin for 24  h at one to 48  h after euthanasia. The 
length of the specimens was subjectively classified as 
short (< 5 cm), medium (5–10 cm) or long (> 10 cm).

Histology
After fixation, the cords were trimmed from surround-
ing fat tissue and the castration site divided in proximal-, 
mid- and distal segments and arranged longitudinally 
(n = 3/cord). Tissue samples from the right spermatic 
cord of the stallion were divided as cross-sections in 
proximal- and mid-segments and as a longitudinal sec-
tion of the mid-segment (n = 3). All trimmed samples 
were dehydrated, embedded in paraffin, and cut into 
4-μm sections. One tissue section from each segment 
were stained with haematoxylin and eosin (HE) and 
examined by light microscopy.

Neuromas were histologically defined as an abnor-
mal appearance or irregular distribution of nervous tis-
sue in which there were small groups of non-neoplastic 
proliferations of peripheral neural tissue. The size of the 
neuromas was not measured. The tissue included neuro-
filaments and Schwann cells, intermingled or surrounded 
with epineural, perineural and endoneural fibrous tissue 
(Fig. 1).

Immunohistochemistry
Sections with putative neuromas identified by histol-
ogy were selected for further immunohistochemical 
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characterisation of the peripheral nerve tissue morphol-
ogy. These selected slides were labelled with mouse mon-
oclonal IgG1 kappa antibodies (diluted 1:100 and 1:1000) 
against human nerve specific enolase (NSE)1 for visuali-
sation of neuronal cells [18]. An indirect method with a 
horseradish peroxidase–labelled polymer (HRP) conju-
gated to the secondary antibody2 was used to visualise 
the staining by light microscopy. As negative control, an 
isotype of a mouse IgG,3 diluted to the same protein con-
certation as the primary antibody, was used. The testicu-
lar nerves from the spermatic cord of the stallion were 
used as positive control.

In brief, the sections were deparaffinised, then rehy-
drated in descending grades of ethanol and washed in 
phosphate-buffered saline (PBS).4 Antigen retrieval was 
done using Na-citrate buffer (pH 6.0) for 20 min at 92 °C 
in a floatation bath. To quench the endogenous peroxi-
dase activity, 3% hydrogen peroxide was used prior to 
incubation with the primary antibody or the mouse IgG 
for 30  min at room temperature. A secondary antibody 
labelled with polymer HRP anti-rabbit/mouse was added 
for 30 min and a 3,3′-diaminobenzidine (DAB)-substrate 
buffer for visualisation (for protocol see Additional file 1).

Results
Gross findings
The horses ranged in age from 6 to 25 years. Breed and 
reason for euthanasia are given in Table  1. Many were 
colic subjects presented with acute peritonitis, but none 
had adhesions that interfered with the castration site. By 
gross inspection, the spermatic cords differed in length, 
thickness and consistency. The length from the external 
inguinal ring to the distal end of the proximal stump var-
ied, from 3 to 20  cm. The thickness and consistency of 
the cord was thin, soft and whitish without any visible 
structures or abnormalities in some horses and thick and 
firm with visible vessels and fibrous structures in oth-
ers. Length classification is given in Table  1. In one of 
the horses (no. 11), the right spermatic cord could not 
be localised. Swellings possibly being neuromas were 
searched for grossly but were not identified in any sper-
matic cords.

Histology including immunohistochemistry
A total of 120 sections were examined histologically 
from 40 spermatic cords (stallion included) and sections 
with putative neuromas were examined with immuno-
histochemistry (n = 31). The histologic structures of the 
spermatic cord from the stallion contained blood vessels 
comprised of arteries with thick walls, and the pampini-
form plexus of veins. Adipose tissue and connective tis-
sue were mingled between the veins; connective tissue 
consisted of fibroblasts and extracellular matrix, mainly 
collagen. The spermatic cord included multiple periph-
eral nerves, individually or in larger bundles, and the 
ductus deferens comprised a thick smooth muscle wall 
including arterioles, small veins and nerves. The mucosa 
of the duct was folded and lined by a pseudostratified 
epithelium. The nerve structures in the spermatic cord 
of the stallion were well organised, with parallel neuro-
filaments, of different sizes, surrounded by Schwann cells 
and myelin sheaths (Fig.  2a). These were clearly visible 
in the HE-stained sections and the nerve fibres stained 
positive for NSE (Fig. 2b). The wall of the ductus deferens 
displayed diffuse expression of NSE, due to its rich inner-
vation of nerve plexus in the smooth muscle layer [19]. 
The sections immunostained with non-specific mouse 
IgG did not show any staining (Fig. 2c).

The diagnosis of neuromas was made mainly on the 
basis of histological features found in the HE-stained sec-
tions. These showed non-neoplastic proliferation of an 
irregular fibrous, mature connective tissue with different-
sized micro-fascicles of axonal sprouts. The neural origin 
of the micro-fascicles was confirmed by immunolabelling 
with NSE (Figs. 3, 4).

Neuromas (Figs. 3, 4) were found in 21 of 39 spermatic 
cords belonging to 13 of the 20 investigated geldings; 8 

Fig. 1  Typical neuroma. Neuroma stained with HE from a gelding 
(no. 12). Neural proliferation of variable sized micro-fascicles of axonal 
sprouts (arrows) in fibrous connective tissue (asterisk)

1  NSE, mouse monoclonal, Dako M0873, 367 mg/L.
2  Dako EnVision+ System-HRP anti-rabbit/mouse, K5007, Agilent tech-
nologies Santa Clara, USA.
3  Mouse IgG, Dako X0931.
4  PBS, 0.01 M, pH 7.4. Medicago AB, Uppsala, Sweden.
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horses had bilateral neuromas (Table 1). The remnants of 
the spermatic cords of the geldings were often dominated 
by a large amount of fibrous, collagen-rich connective 
and adipose tissues. The amount and size of blood ves-
sels varied between horses. Intact foci of small, periph-
eral nerve structures were seen in the adjacent tissue of 
some of the spermatic cords. A few horses (n = 3) had a 
mild multifocal inflammation, comprising neutrophils, 
lymphocytes and macrophages, with single hemosiderin 
laden macrophages within or near the neuroma.

Discussion
This paper documents, for the first time, the occurrence 
of neuromas in connection with remnants of the sper-
matic cord after castration in horses. Neuromas were 
found in 54% of the spermatic cords, belonging to 65% of 
the 20 geldings. These neuromas were bilateral in 40% of 
the horses (Table 1).

Antibodies against NSE were used to identify the nerve 
tissue present in the irregular scar tissue of the remnants 
of the spermatic cords. NSE is a marker for nerve fibres 
[18], but is also found in neoplastic cells of neural and 
non-neural origin [20]. However it is generally accepted 
that NSE is a specific marker for neural and neuroendo-
crine tissue [21, 22].

The neuromas found at the castration site had histo-
logical features compatible with traumatic neuromas 
described after tail docking in pigs [9] where peri- and 
epineural connective tissue attenuates around proliferat-
ing axons. This has been suggested to be a mechanism to 
protect the neural fibers from injury due to contraction, 
which can cause pain after amputation. In the pig neu-
romas [9], S-100 was used showing presence of Schwann 
cells, however we confirmed axonal origin with NSE.

The gross appearance of the spermatic cord remnants 
displayed a large diversity in size and the amount of con-
nective tissue and the gross examination was not stand-
ardised. The length of the remnants of the spermatic cord 
did not appear to be correlated with presence of neuro-
mas. After neurectomy of horses [12] neuromas have 
been described grossly, however it is not clarified how 
the suspected neuromas were differentiated macroscopi-
cally from granulation tissue. In addition, these neuro-
mas were found on large peripheral nerves, in contrast to 
the neuromas described in this study, which were found 
in the plexus innervating the testis.

Information about the horse’s age at castration or any 
post-surgical complications was not available, hence, it 
was not possible to correlate the neuromas with age at 
castration or castration method. However, as previously 

Table 1  Age, breed, subjective length of  spermatic cord stump, presence of  neuroma and  reason for  euthanasia of  20 
geldings

Presence (+) or absence (−) of neuroma

na not analysed, SWH Swedish Warmblood Horse, PRE pura raza española

Gelding Age (years) Breed Length of stump Neuroma left/
right

Cause for euthanasia

1 25 Lusitano Short +/+ Heart failure

2 7 Quarter horse Medium −/− Colic

3 7 Ardennes horse Long −/+ Chronic lameness

4 6 SWB Medium +/− Back problem

5 8 Standard breed trotter Short −/− Chronic illness

6 25 Welsh Cob. Long +/+ Tumour

7 5 North Swedish draft horse Medium −/+ Lameness

8 10 Cross breed Long −/+ Ventricular dilatation

9 11 Warmblood Medium −/− Colic

10 5 Standard breed trotter Medium +/+ Neurological signs

11 12 Coldblooded trotter Short −/na Colic

12 15 Anglo arab Long +/+ Ventricular tumor

13 17 Icelandic horse Long +/+ Sudden death

14 12 Friesian Medium −/− Colic

15 10 Arab horse Medium −/+ Colic

16 7 PRE Short +/+ Lameness

17 7 SWB Long −/− Colic

18 22 SWB Medium +/+ Colic

19 8 Icelandic horse Long −/− Colitis

20 18 Swedish pony Medium +/+ Colic
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described, most castration techniques in Sweden include 
induction of haemostasis with an emasculator and/or a 
ligature on the spermatic cord and most horses are cas-
trated before they are 2 years old. If this is applicable to 
the sample of horses in this study, the neuromas were 
present years after castration.

Neuromas are more likely to form in traumatised and 
inflamed tissues [23]. Most equine traditional castra-
tion methods include severe damage of the nerves of the 

spermatic cord and inflammation or infection is one of 
the most common complications [2]. In horses, most cas-
tration wounds are therefore left to secondary healing to 
eliminate inflammatory products from the crushed cords 
and tissues. Further, the inguinal area is a highly mobile 
region. From human research it is known that inflamma-
tion and movement are factors in development of pain-
ful neuromas (for review see [24]). Consequently, if this 
also applies to horses, the current methods for castration 

Fig. 2  Normal nerves from the spermatic cord of a stallion. Nerves from the spermatic cord of a 3-year-old stallion. a Regular parallel bundles of 
neural tissue (HE), identified by b brown immuno-staining against NSE. c Negative control, stained with non-specific IgG shows no staining
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may need revision. In cases where clinical signs can be 
referred to the inguinal region, by palpation and local 
analgesia, presence of neuroma can be suspected.

Exactly why a neuroma becomes painful is not yet 
fully understood. In traumatic neuromas, afferent nerve 
fibres have been found, with a low conduction veloc-
ity and spontaneous electrical hyperexcitability [16, 
25]. Changes in features or dispersion of potassium 
and sodium ion-channels can lead to ectopic activity 

of the axons, causing abnormal discharge patterns and 
thereby pain or paraesthesia [26, 27]. Mechanical stim-
ulation of neuromas activates different responses of the 
afferent axons leading to hyperalgesia [16, 28]. Contrac-
tion of the wound can compress axons in the neuroma 
and is conjectured to be a trigger of pain or abnormal 
sensation [23]. It is not unlikely that at least some of the 
neuromas formed will be painful, given the anatomical 
location of the severed cords in a highly mobile area, 

Fig. 3  Neuroma from gelding (no. 13). a Irregular axonal proliferation of variably-sized micro-fascicles, in fibrous connective tissue (HE). b The same 
neuroma with axonal sprouts immunostained with antibodies against NSE (brown color). c The control incubated with nonspecific IgG, showing no 
staining
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and the high risk of formation of adherences due to 
infection.

The present study was not, however, designed to 
answer whether the neuromas were painful. Studies 
on human finger amputations report that 7.3% of the 
traumatic neuromas are symptomatic (caused pain 
or altered sensation) [6] and neuromas after inguinal 
hernia repair are often associated with chronic pain 
[29]. Although the peripheral nerves differ from the 

testicular ones in sensory and motor composition, the 
mechanisms responsible for development of painful 
neuromas could be similar. Future research should aim 
at classifying the neuromas as painful or non-painful. 
This could be done both clinically and with biomark-
ers for pain. The biomarkers could be used in vivo and 
measured in equine serum or by immunohistochemis-
try on histologic sections from the castration site. The 
nerve growth factor receptors are suggested markers 

Fig. 4  Neuroma from gelding (no. 15). a Irregular neural proliferation of variable-sized micro-fascicles with axonal sprouts in fibrous connective 
tissue (HE). An area infiltrated with inflammatory cells (neutrophils, lymphocytes and macrophages). b The axonal sprouts identified by 
immuno-staining with antibodies against NSE (brown color). c These show no staining when incubated with the non-specific IgG
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with a high expression in the neuromas of patients 
reporting chronic neuroma pain [30]. An increased 
expression of substance-P has also been reported in 
painful neuromas compared to intact nerves [31]. 
Finally, alpha smooth muscle actin have shown a higher 
expression in painful neuromas compared to non-pain-
ful neuromas in humans [32].

Currently there are no validated methods for clini-
cal investigation of horses with suspected painful cas-
tration neuromas. It is of great importance that such 
methods be developed. The clinical implications of pos-
sible chronic pain long after castration affect the wel-
fare of the horse.

Conclusions
This study is the first to document neuroma formation 
involving the testicular nerves in the remnants of sper-
matic cords at the castration site in geldings. If some 
of these neuromas are painful, they may explain pain 
in the inguinal area, unexplained hind limb lameness, 
lack of hind limb activation, behavioural problems, and 
unwillingness to perform certain movements.
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org/10.1186/s1302​8-019-0479-8.

Additional file 1. Protocol for immunohistochemistry of nerve specific 
enolase (NSE).

Acknowledgements
The authors acknowledge the excellent technical help from Christina Nilsson, 
Maria Löfgren and Vidar Andersson as well as the help from Peder Eriksson 
with collection of necropsy material.

Prior publication
A small part of the data (six cases out of the 20) included in this article has 
been previously published as a master’s degree project within the area of 
animal science and biology at the Faculty of Veterinary Medicine and Animal 
Science at the Swedish University of Agricultural Sciences, Uppsala. It was part 
of the first author’s examination (master thesis) as a veterinarian in 2017 and 
is available at: https​://stud.epsil​on.slu.se/10135​/. The manuscript submitted 
to the current journal differs significantly from that included in the master 
degree project.

Authors’ contributions
EAB, PHA and SE participated in the design of the study. EAB collected the 
material and prepared it for sectioning. EAB performed the immunohisto-
chemistry. SE and EAB evaluated the histology including the immunohisto-
chemistry. EAB drafted the manuscript. PHA, and SE revised the manuscript. 
All authors read and approved the final manuscript.

Funding
The study is financed by funds from the Swedish foundation Petra Lundbergs 
stiftelse and from the Swedish University of Agricultural Sciences.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Ethics approval and consent to participate
The animals were sampled at necropsy after the owners’ written consent that 
tissue could be used for research post mortem. This study did not require 
official or institutional ethical approval.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Biomedicine and Veterinary Public Health, Swedish University 
of Agricultural Sciences, 750 07 Uppsala, Sweden. 2 Department of Clinical Sci-
ences, Swedish University of Agricultural Sciences, 750 07 Uppsala, Sweden. 

Received: 2 April 2019   Accepted: 15 September 2019

References
	1.	 Schumacher J. Testis. In: Auer JA, editor. Equine surgery. St. Louis: Saun-

ders; 2019. p. 994–1034.
	2.	 Kilcoyne I. Equine castration: a review of techniques, complications and 

their management. Equine Vet Educ. 2013;25:476–82.
	3.	 Constantinescu GM. Illustrated veterinary anatomical nomenclature. 4th 

ed. Stuttgart: Georg Thieme Verlag; 2018.
	4.	 Budras KD, Sack WO, Röck S. Anatomy of the Horse. 6th ed. Hannover: 

Schlütersche Verlagsgesellschaft mbH & Co; 2011.
	5.	 Devor M. Neuropathic pain: pathophysiological response of nerves to 

injury. In: McMahon SB, Koltzenburg M, Tracey I, Turk DC, editors. Wall and 
Melzack’s textbook of pain. 6th ed. Philadelphia: Elsevier Saunders; 2013. 
p. 861–88.

	6.	 van der Avoort DJJC, Hovius SER, Selles RW, van Neck JW, Coert JH. The 
incidence of symptomatic neuroma in amputation and neurorrhaphy 
patients. JPRAS Open. 2013;66:1330–4.

	7.	 Simonsen HB, Klinken L, Bindseil E. Histopathology of intact and docked 
pigtails. Br Vet J. 1991;147:407–12.

	8.	 Herskin MS, Thodberg K, Jensen HE. Effects of tail docking and docking 
length on neuroanatomical changes in healed tail tips of pigs. Animal. 
2015;9:677–81.

	9.	 Sandercock DA, Smith SH, Di Giminiani P, Edwards SA. Histopathological 
characterization of tail injury and traumatic neuroma development after 
tail docking in piglets. J Comp Pathol. 2016;155:40–9.

	10.	 French NP, Morgan KL. Neuromata in docked lambs’ tails. Res Vet Sci. 
1992;52:389–90.

	11.	 Gross TL, Carr H. Amputation neuroma of docked tails in dogs. Vet Pathol. 
1990;27:61–2.

	12.	 Said AH, Khamis MF, Hegazy A. Clinopathological studies on neurectomy 
in equids. Equine Vet J. 1984;16:442–6.

	13.	 Gutierrez-Nibeyro SD, Werpy NM, White NA II, Mitchell MA, Edwards RB 
III, Mitchell RD, et al. Outcome of palmar/plantar digital neurectomy in 
horses with foot pain evaluated with magnetic resonance imaging: 50 
cases (2005–2011). Equine Vet J. 2015;47:160–4.

	14.	 Breward J, Gentle MJ. Neuroma formation and abnormal afferent nerve 
discharge after partial beak amputation (beak trimming) in poultry. 
Experientia. 1985;41:1132–4.

	15.	 Dahl-Pedersen K, Bonde MK, Herskin MS, Jensen KH, Kaiser M, Jensen HE. 
Pathogenesis and pathology of shoulder ulcerations in sows with special 
reference to peripheral nerves and behavioural responses to palpation. 
Vet J. 2013;198:666–71.

	16.	 Blumberg H, Jänig W. discharge pattern of afferent fibers from a neuroma. 
Pain. 1984;20:335–53.

	17.	 England JD, Happel LT, Kline DG, Gamboni F, Thouron CL, Liu ZP, et al. 
Sodium channel accumulation in humans with painful neuromas. Neu-
rology. 1996;47:272–6.

	18.	 Vinores SA, Marangos PJ, Bonnin JM, Rubinstein LJ. Immunoradiometric 
and immunohistochemical demonstration of neuron-specific enolase in 
experimental rat gliomas. Cancer Res. 1984;44:2595–9.

https://doi.org/10.1186/s13028-019-0479-8
https://doi.org/10.1186/s13028-019-0479-8
https://stud.epsilon.slu.se/10135/


Page 9 of 9Bengtsdotter et al. Acta Vet Scand           (2019) 61:43 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	19.	 Kujat R, Rose C, Wrobel KH. The innervation of the bovine ductus 
deferens: comparison of a modified acetylcholinesterase-reaction with 
immunoreactives of cholinacetyltransferase and panneuronal markers. 
Histochemistry. 1993;99:231–9.

	20.	 Gaitero L, Anor S, Fondevila D, Pumarola M. Canine cutaneous spindle cell 
tumors with features of peripheral nerve sheath tumors: a histopatho-
logical and immunohistochemical study. J Comp Pathol. 2008;139:16–23.

	21.	 Mjønes P, Sagatun L, Nordrum IS, Waldum HL. Neuron-specific enolase 
as an immunohistochemical marker is better than its reputation. J Histo-
chem Cytochem. 2017;65:687–703.

	22.	 Rosso R, Scelsi M, Carnevali L. Granular Cell Traumatic Neuroma. Arch 
Pathol Lab Med. 2000;124:709–11.

	23.	 Foltán R, Klíma K, Spacková J, Sedý J. Mechanism of traumatic neuroma 
development. Med Hypotheses. 2008;71:572–6.

	24.	 Zhang JM, Strong JA. Recent evidence for activity-dependent initia-
tion of sympathetic sprouting and neuropathic pain. Sheng Li Xue Bao. 
2008;60:617–27.

	25.	 Wall PD, Gutnick M. Properties of afferent nerve impulses originating from 
a neuroma. Nature. 1974;248:740–3.

	26.	 Devor M. Potassium channels moderate ectopic excitability of nerve-end 
neuromas in rats. Neurosci Lett. 1983;40:181–6.

	27.	 England JD, Happel LT, Liu ZP, Thouron CL, Kline DG. Abnormal dis-
tributions of potassium channels in human neuromas. Neurosci Lett. 
1998;255:37–40.

	28.	 Dorsi MJ, Chen L, Murinson BB, Pogatzki-Zahn EM, Meyer RA, Belzberg 
AJ. The tibial neuroma transposition (TNT) model of neuroma pain and 
hyperalgesia. Pain. 2008;134:320–34.

	29.	 Bjurstrom MF, Nicol AL, Amid PK, Chen DC. Pain control following inguinal 
herniorrhaphy: current perspectives. J Pain Res. 2014;7:277–90.

	30.	 Harpf C, Dabernig J, Humpel C. Receptors for NGF and GDNF are 
highly expressed in human peripheral nerve neuroma. Muscle Nerve. 
2002;25:612–5.

	31.	 Lindqvist A, Rivero-Melian C, Turan I, Fried K. Neuropeptide- and tyrosine 
hydroxylase-immunoreactive nerve fibers in painful Morton´s neuromas. 
Muscle Nerve. 2000;23:1214–8.

	32.	 Yan H, Gao W, Pan Z, Zhang F, Fan C. The expression of alpha-SMA in the 
painful traumatic neuroma: potential role in the pathobiology of neuro-
pathic pain. J Neurotrauma. 2012;29:2791–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Neuromas at the castration site in geldings
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Animals
	Dissection of the castration site
	Histology
	Immunohistochemistry

	Results
	Gross findings
	Histology including immunohistochemistry

	Discussion
	Conclusions
	Acknowledgements
	References




