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Introduction
Brachial plexus root avulsion (BPRA) is a type of serious inju-
ry of the upper limb peripheral nerve, and mostly results from 
traffic accidents or industrial injuries, affecting more male pa-
tients than female ones (Dubuisson and Kline, 2002; Kim et al., 
2003; Kitajima et al., 2006; Kretschmer et al., 2009; Aras et al., 
2013; Dodakundi et al., 2013; Gao et al., 2013; Franzblau and 
Chung, 2014). Our previous studies have demonstrated that 
some male patients suffering from BPRA have varying degrees 
of erectile dysfunction, and this seriously affects the sex life 
and quality of life of the patient’s spouse (Fu et al., 2010). Be-
sides the pain and anxiety caused by the trauma itself, whether 
neuropathophysiological effects are involved in ED in patients 
with brachial plexus injury has not yet been studied.

Penile ED refers to the persistent inability to achieve or 
maintain a suitable adequate for satisfactory sexual in-
tercourse (Lue, 2000; Montorsi et al., 2006; Zhang et al., 
2013). Depending on its etiology, ED can be classified as 
psychogenic, organic, or mixed ED (Cohan and Korenman, 

2001; Grant et al., 2013; Barassi et al., 2014; Vodusek, 2014). 
Neuronal nitric oxide synthase (nNOS) is currently believed 
to play an important role in penile erection (Burnett et al., 
1992; Hurt et al., 2012; Wang et al., 2012; Amany and Heba, 
2013; Hu et al., 2014). Pathogenic factors may decrease NOS 
activity, subsequently reducing nitric oxide production and 
thereby leading to ED. One of these factors is spinal cord 
injury. Studies in rats have shown that spinal cord or cavern-
ous nerve injury results in a significant reduction in penile 
nNOS activity and subsequently, ED (Burnett, 2004; Toda et 
al., 2005; Hannan et al., 2013; Tavukcu et al., 2014). Howev-
er, changes in penile nNOS expression after brachial plexus 
injury have not yet been reported. 

Brachial plexus injury combined with spinal cord injury 
(SCI) occurs in some patients (Chechick et al., 1982; Webb 
et al., 2002; Nordin and Sinisi, 2009; Moses et al., 2013). This 
multiple injury is rarely observed and often leads to a misdi-
agnosis with the patient missing the optimal time for treat-
ment. Brachial plexus avulsion may also cause partial spinal 
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cord injury. Whether brachial plexus injury, particularly bra-
chial plexus avulsion, leads to ED or whether penile nNOS is 
affected by brachial plexus injury, is unknown. Therefore, in 
this study, we evaluated the erectile function after establish-
ing BPRA models combined with SCI to better understand 
the changes in nNOS changes in penile tissues after this in-
jury and the neuropathophysiological etiology of ED. 

Materials and Methods
Animals and surgical procedure
Twenty-seven 6-week-old male Sprague-Dawley rats, weigh-
ing 250–350 g, were provided by the Laboratory Animal 
Center of the First Affiliated Hospital of Sun Yat-sen Univer-
sity, China (license No. SYXK [Yue] 2010-0108). The study 
was approved by the Animal Ethics Committee of the First 
Affiliated Hospital of Sun Yat-sen University, China. The rats 
were fed with water and food ad libitum until 12 hours before 
the operation. They were randomly and evenly divided into 
three groups: BPRA, BPRA + SCI, and sham-operation. The 
rats were secured in a prone position, and a straight incision 
4 cm in length was made along the posterior midline of the 
neck from the occiput to the upper corner of the scapula. 
Positioned using the 2nd thoracic vertebra, the right longest 
muscle of the head, semispinalis muscle of the neck, and 
digastric muscle of the neck were pulled outward. The small 
muscles adhering to the spinous process and vertebral lam-
ina were stripped off until the small articular processes of 
C4–T1 were exposed. Laminectomy on the right side of C4–
T1 was performed using a purpose-made vertebral lamina 
rongeur. The medulla spinalis was opened to the left using a 
custom-made microscopic neural hook until the dorsal and 
the ventral roots of C4–T1 were exposed, then the dura mater 
and arachnoid around the medulla spinalis were exposed 
and separated. 

Avulsion of the corresponding C5–T1 nerve roots was per-
formed under the microscope on rats in the BPRA group. 
After the avulsion of C5 and C6 in rats of the BPRA + SCI 
group, part of the medulla spinalis white matter was observed 
to overflow. If the spinal cord was not completely injured, 
the medulla spinalis was separated and the medulla spinalis 
capsula was slightly damaged and stretched until part of the 
medulla spinalis substantia alba overflowed. BPRA caused the 
forelimbs to droop flaccidly. Furthermore, these rats did not 
move independently, and were observed to limp when crawl-
ing. SCI was evaluated by observing the overflow of medulla 
spinalis white matter, as well as flaccid paralysis of the affected 
hind limb, impaired movement, and the appearance of limp-
ing while crawling. The presence of hind limb ulceration in 
certain rats was also used as further verification. 

In the sham-operation group, only the vertebral lamina 
was removed (Figure 1). After the operation, the incision was 
closed and covered with an aseptic dressing. All surgical instru-
ments were appropriate for use on experimental animals. The 
tested animals naturally regained consciousness after the op-
eration, underwent routine breeding, and their movement was 
not restricted. Each rat received a daily intramuscular injection 
of 20,000 U gentamicin for 1 week after the operation. The ac-
tivities and survival of the rats were observed periodically.

Detection of penile erection function
Fifteen days after injury, the rats were weighed and the ex-
periment performed (in the observation room) according 
to Heaton et al. (1991). The indoor temperature was set be-
tween 22–24 °C and the relative humidity was approximately 
50%. Silence was maintained in the room, and the light was 
dimmed to a minimum which still allowed for the observa-
tions to take place. The rats were individually placed inside 
the transparent testing cage and were administered with 
apomorphine (APO; 100 μg/mL; injection volume adjusted 
to 80 μg/kg) (Sigma-Aldrich, St. Louis, MO, USA) subcutane-
ously into the neck after 10 minutes of environmental adapta-
tion. APO was dissolved in normal saline containing 0.5 mg/L 
vitamin C. 

The effects of APO were observed 5–10 minutes after in-
jection and were no longer present after 30 minutes. Each rat 
was observed for 30 minutes after injection using the Cam-
bridge A60pro USB camera, and the following events were 
recorded: penile erection, the number of erections, and the 
number of yawns. The engorgement of the glans penis with 
blood and the appearance of the tip of the penis was counted 
as one erection. Flexion-extension and involuntary mouth 
opening accompanied by appropriate breathing movements 
was counted as one yawn. The observation indexes were la-
tent period of penis erection and number of erections.

Immunohistochemistry for nNOS in penile tissue
After testing penile erectile function, the rats were killed by 
decapitation 21 days after the operation. Middle sections of 
the penile tissues were obtained and embedded in optimum 
cutting temperature (OCT) compound, and then sliced 
(5–10 μm). Immunohistochemistry for nNOS was then per-
formed. Sections were incubated with 2.5% bovine serum 
albumin at room temperature for 30 minutes. Thereafter, pe-
nile sections were incubated with rabbit anti-nNOS (Beijing 
Biosynthesis Biotechnology Co., Ltd., Beijing, China; 1:400) 
at 4°C overnight. The tissues were subsequently incubated 
with biotinylated goat anti-rabbit IgG (Boster, Wuhan, Hu-
bei Province, China; 1:150) for 2 hours at room temperature. 
The streptavidin-biotin complex was used for immunohisto-
chemical staining. The sections were observed under a light 
microscope (Shanghai optical instrument factory, Shanghai, 
China) at 400 × magnification and then photographed. Ten 
fields of view showing the greatest expression of positive 
fibers were assessed, and subsequent counts of these fibers 
determined the average number of nNOS-positive fibers. 

Statistical analysis
All data are expressed as the mean ± standard deviation 
(SD), and were analyzed by one-way analysis of variance 
followed by the least significant difference test. Significance 
was reached at values of P < 0.05. The SPSS 18.0 statistical 
package was used for analysis. 

Results
Establishing rat models
From the 27 rats, 21 were used for final analysis (BPRA 
group, n = 6; BPRA + SCI group, n = 7; sham-operation 
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group, n = 8; all with a success rate of 72% [13/18]). In the 
BPRA group, three rats died of hemorrhagic shock. In the 
BPRA + SCI group, two rats died from anesthesia overdose. 
In the sham-operation group, one rat died of anesthesia 
overdose. Rats in the BPRA and BPRA + SCI groups showed 
poor nutritional status and dull hair, but weight change was 
insignificant. Furthermore, the forelimb on the injured side 
showed a limping gait but had no ulceration. The severity of 
SCI was evaluated by observing the overflow of the medulla 
spinalis white matter during the operation and the move-
ment of the hindlimb on the injured side, as well as the ul-
ceration in some rats. In the BPRA + SCI group, six rats had 
forelimb dysfunction, dragging of the hindlimb on the in-
jured side, and movement impairment, and one rat showed 
ulceration of the hind limb. Rats in the sham-operation 
group showed no limping and had good grabbing responses. 

Effect of APO injection 
APO usually took effect after 6–8 minutes. Piloerection, 
stretching, yawning, exposure of the glans penis, licking of 
the glans, and penile erection occurred in all three groups. 
There was no significant difference in the latent period of 
penis erection between the three groups. The number of the 
erections in 30 minutes for the rats in the BPRA group and 
BPRA + SCI group was significantly (P < 0.05) decreased 
compared with the sham-operation group (Figure 2). 

nNOS changes in penile tissue
nNOS immunoreactive nerve fibers were diffusely distributed 
throughout the penis, and were usually observed in the periph-
ery of the dorsal nerve of the penis. nNOS immunoreactivity 
was highest in two of the three erectile columns, particularly 
in the area surrounding the tunica albuginea, whereas the 
corpus spongiosum had the least immunoreactivity of nNOS. 
nNOS-immunoreactive nerve fibers were darkly stained in the 
three groups. A larger number of nNOS-immunoreactive nerve 
fibers were stained brownish yellow (Figure 3). The number of 
nNOS-immunoreactive nerve fibers in the rat penis was sig-
nificantly (P < 0.05) lower in the BPRA + SCI group compared 
with the BPRA and sham-operation groups (Figure 2).

Discussion
The present study demonstrated that the erectile function of 
male rats was significantly decreased after BPRA. Further-
more, we found that the expression of nNOS-immunoreac-
tive nerve fibers was significantly decreased in the BPRA + 
SCI group. BPRA is a kind of special peripheral nerve injury 
that affects a patient’s life severely. Moreover, in males, it leads 
to ED (Kitajima et al., 2006; Kretschmer et al., 2009; Fu et al., 
2010). However, the specific pathophysiological mechanisms 
underlying ED remain unclear. To better understand these 
mechanisms, animals have been exposed to BPRA to investi-
gate its effect on erectile function. Rats have a similar anato-
my to humans with the advantage of being less expensive and 
easier to handle than other animal models. Rat models are 
efficient, economical, and accurate for studying the mecha-
nisms of ED caused by brachial plexus injures. 

Although numerous studies have established animal models 
of ED via BPRA (Fullarton et al., 2000, 2001, 2002; Spinner 
et al., 2000; Knakiewicz et al., 2009; Lu et al., 2013; Soldado et 
al., 2014), the combined effect of BPRA and SCI, namely on 
ED, has not been reported. In the present study, we found that 
anterior surgery was simpler, easier in exposure, and less trau-
matic for inducing BPRA compared with the posterior cervi-
cal spine operation. However, anterior surgery has a low rate 
of success, is less reliable, and is unsuitable for establishing a 
rat model of ED involving C8 and T1. The posterior approach 
may be better owing to the higher rate of accuracy and success 
compared with the anterior approach. This method is an ideal 
choice for modeling C8 and T1 simultaneously or full BPRA 
injuries. Liu et al. (2009) have reported a positive correlation 
of each C5–T1 nerve root at the angles of 45°–90° and 90°–
135°. Under a maximum load, each nerve root mainly showed 
a post-ganglionic rupture at 90°, and a pre-ganglionic rupture 
at 45°–90° and 90°–135°. However, it was irregular for C5, C6, 
and C7 at 0°–45° and 135°–180°, although C8 and T1 mainly 
showed pre-ganglionic rupture. In the present study, we found 
that posterior laminectomy required a wider range when 
resecting vertebral lamina and articular processes, otherwise 
fully exposing the anterior root of the brachial plexus was dif-
ficult. Therefore, use of an appropriate microscope and gentle 
operative techniques was required. Furthermore, selecting 
adult rats that were strong and heavy for the posterior opera-
tion to produce BPRA was necessary, as well as custom-made 
fine bipolar electric coagulation devices to reduce the bleeding 
and surgery time. Rotation of the medulla spinalis to form a 
90° traction angle was sufficient. Excessive traction may have 
caused more bleeding and blurred vision, thus affecting the 
surgical results. Maintaining an intact capsula of the medulla 
spinalis to establish a combined SCI is very important. Ad-
equate separation of the medulla spinalis capsula and then 
counter traction of the nerve root was found to significantly 
reduce the damage to the surface of the medulla spinalis. The 
stretched residual root appeared flocculent without overflow 
of medulla spinalis white mater, but still showed abundant 
bleeding. To maintain a complete medulla spinalis capsula, 
more external force was needed. In contrast, the residual root 
that was removed appeared irregular, and the overflow of the 
medulla spinalis white substance was different. Furthermore, 
assessing the damage to each plane of the nerve root of the 
medulla spinalis was difficult. 

Clinically, the combination of BPRA with SCI is usually not 
obvious, and thus the diagnosis and the optimal choice and 
timing of treatment will often be missed (Webb et al., 2002; 
Macyszyn et al., 2010; Rhee et al., 2011; Moses et al., 2013). 
Patients who have suffered from BPRA may neglect the resul-
tant SCI because of a slow onset, resulting in a missed oppor-
tunity for treatment. This study successfully established the 
BPRA model of ED. However, we found no significant differ-
ence in the detumescence of the erection between the three 
groups. This effect may be due to incomplete SCI, which is 
different from the ED caused by complete SCI. 

At present, the decrease in NOS is considered to mediate 
neuropathic ED (Azadzoi et al., 1998). Wang et al. (2010) 
have reported that nNOS-positive nerve fibers in the penis 
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are mainly expressed in the periphery of the dorsal nerve of 
the penis. Furthermore, the number of the nNOS-positive 
nerve fibers decreases rapidly after SCI, with very weak ex-
pression in the dorsal nerve of the penis. This result suggests 
that the significant decrease of the nNOS-positive nerve 
fibers in the rat penile tissues after SCI in our study may be 
one of the main mechanisms causing ED after SCI. Tavukcu 
et al. (2014) have shown the number of nNOS-positive nerve 
fibers significantly decreases after SCI. This result suggests 
that the level of nitric oxide that affects the erectile tissue 

decreases rapidly after SCI. This change may be the main 
cause for SCI-mediated ED rather than cell death in the 
erectile tissue. The current study showed that the expression 
of nNOS in nerve fibers was only significantly decreased in 
the BPRA + SCI group, suggesting that incomplete SCI also 
affects the expression of penile nNOS in rats with BPRA. 

This study successfully proved the occurrence of ED in a 
rat model via posterior laminectomy-mediated BPRA. Over-
all, reduced expression of penile nNOS may play a role in ED 
when SCI is combined with BPRA.

Figure 3 Expression of nNOS-immunoreactive nerve fibers in penile tissues in BPRA rats. 
Immunohistochemical staining using the streptavidin-biotin complex. nNOS appears as a brownish-yellow color and as circular or granular de-
posits, with a variable degree of staining. Bars: 50 μm. (A) BPRA group, (B) sham-operation group, and (C) BPRA + SCI group. nNOS: Neuronal 
nitric oxide synthase; BPRA: brachial plexus root avulsion; SCI: spinal cord injury. 

Figure 2 Comparison of erectile function and number of neuronal nitric oxide synthase (nNOS)-immunoreactive nerve fibers in penile tissues 
in each group.
(A, B) Erectile function; (C) nNOS-immunoreactive nerve fibers in penile tissues. *P < 0.05, vs. sham-operation group; #P < 0.05, vs. BPRA + SCI 
group. All data are expressed as the mean ± SD, and were analyzed by one-way analysis of variance followed by the least significant difference test. 
BPRA: Brachial plexus root avulsion; SCI: spinal cord injury. 

Figure 1 Brachial plexus root and spinal cord using the posterior approach.

(A) The brachial plexus root avulsion 
(BPRA) group (arrows indicate the 
avulsed brachial plexus root). (B) Par-
tial overflow of medulla spinalis white 
matter (arrow) in rats with BPRA + 
spinal cord injury during the surgery.

A B

A B C

A B C
700

600

500

400

300

200

100

0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0

120

100

80

60

40

20

0La
te

nt
 p

er
io

d 
of

 p
en

is
 e

re
ct

io
n 

(s
ec

on
d)

N
um

be
r o

f e
re

ct
io

ns
 in

 3
0 

m
in

ut
es

N
um

be
r o

f n
N

O
S-

im
m

un
or

ea
ct

iv
e 

ne
rv

e 
fib

er
s 

(/4
00

-fo
ld

 fi
el

d 
of

 v
ie

w
)

BPRA BPRA BPRABPRA+SCI BPRA+SCI BPRA+SCISham-
operation

Sham-
operation

Sham-
operation

* *

#

#



1843

Fu G, et al. / Neural Regeneration Research. 2014;9(20):1839-1843.

Acknowledgments: We appreciate the generous support given 
to the study by the Orthopedic Institute, Eastern Hospital, First 
Affiliated Hospital of Sun Yat-sen University, China.
Author contributions: Gu LQ, Fu G, Qin BG, Jiang L, Liu 
XL, and Zhu JK helped in the design of the study and eval-
uation of the experiments. Huang XJ, Lu QS, Zhang DC, 
and Zheng JW established the injury model and collected the 
experimental data. Li XJ drafted the manuscript. All authors 
approved the final version of the manuscript. 
Conflicts of interest: None declared.

References
Amany S, Heba K (2013) Effect of pregabalin on erectile function and 

penile NOS expression in rats with  streptozotocin-induced diabetes. 
Exp Clin Endocrinol Diabetes 121:230-233.

Aras Y, Aydoseli A, Sabanci PA, Akcakaya MO, Alkir G, Imer M (2013) 
Functional outcomes after treatment of traumatic brachial plexus 
injuries: clinical study. Ulus Travma Acil Cerrahi Derg 19:521-528.

Azadzoi KM, Goldstein I, Siroky MB, Traish AM, Krane RJ, Saenz DTI 
(1998) Mechanisms of ischemia-induced cavernosal smooth muscle 
relaxation impairment in  a rabbit model of vasculogenic erectile 
dysfunction. J Urol 160:2216-2222.

Barassi A, Pezzilli R, Colpi GM, Corsi Romanelli MM, Melzi d’Eril GV 
(2014) Vitamin D and Erectile Dysfunction. J Sex Med doi: 10.1111/
jsm.12661.

Burnett AL (2004) Novel nitric oxide signaling mechanisms regulate 
the erectile response. Int J Impot Res 16 Suppl 1:S15-19.

Burnett AL, Lowenstein CJ, Bredt DS, Chang TS, Snyder SH (1992) 
Nitric oxide: a physiologic mediator of penile erection. Science 
257:401-403.

Chechick A, Amit Y, Shaked I, Rappaport ZH, Tadmor R (1982) 
Brown-Sequard syndrome associated with brachial plexus injury in 
neck trauma. J Trauma 22:430-431.

Cohan P, Korenman SG (2001) Erectile dysfunction. J Clin Endocrinol 
Metab 86:2391-2394.

Dodakundi C, Doi K, Hattori Y, Sakamoto S, Fujihara Y, Takagi T, 
Fukuda M (2013) Outcome of surgical reconstruction after traumat-
ic total brachial plexus palsy. J Bone Joint Surg Am 95:1505-1512.

Dubuisson AS, Kline DG (2002) Brachial plexus injury: a survey of 100 
consecutive cases from a single service. Neurosurgery 51:673-682.

Franzblau L, Chung KC (2014) Psychosocial outcomes and coping after 
complete avulsion traumatic brachial plexus injury. Disabil Rehabil 
doi: 10.3109/09638288.2014.911971.

Fu G, Gu L, Qin B, Li P, Xiang J, Qi J, Zhu Q, Li Z, Lao Z, Liu X, Zhu 
J (2010) Investigation and analysis of the quality of life on brachial 
plexus injury patients. Zhonghua Xianwei Waike Zazhi 33:125-128.

Fullarton AC, Lenihan DV, Myles LM, Glasby MA (2000) Obstetric 
brachial plexus palsy: a large animal model for traction injury and its 
repair. Part 1: age of the recipient. J Hand Surg Br 25:52-57.

Fullarton AC, Myles LM, Lenihan DV, Hems TE, Glasby MA (2001) 
Obstetric brachial plexus palsy: a comparison of the degree of recov-
ery after repair of a C6 ventral root avulsion in newborn and adult 
sheep. Br J Plast Surg 54:697-704.

Fullarton AC, Lenihan DV, Myles LM, Glasby MA (2002) Assessment of 
the method and timing of repair of a brachial plexus traction injury 
in an animal model for obstetric brachial plexus palsy. J Hand Surg 
Br 27:13-19.

Gao KM, Lao J, Zhao X, Gu YD (2013) Outcome of contralateral C7 
nerve transferring to median nerve. Chin Med J (Engl) 126:3865-3868.

Grant WB, Sorenson M, Boucher BJ (2013) Vitamin D deficiency may 
contribute to the explanation of the link between chronic periodon-
titis and erectile dysfunction. J Sex Med 10:2353-2354.

Hannan JL, Albersen M, Kutlu O, Gratzke C, Stief CG, Burnett AL, 
Lysiak JJ, Hedlund P, Bivalacqua TJ (2013) Inhibition of Rho-kinase 
improves erectile function, increases nitric oxide signaling and de-
creases penile apoptosis in a rat model of cavernous nerve injury. J 
Urol 189:1155-1161.

Heaton JP, Varrin SJ, Morales A (1991) The characterization of a bio-as-
say of erectile function in a rat model. J Urol 145:1099-1102.

Hu C, Wang F, Dong Y, Dai J (2014) A Novel Method to Establish a Rat 
ED Model Using Internal Iliac Artery Ligation Combined with Hy-
perlipidemia. PLoS One 9:e102583.

Hurt KJ, Sezen SF, Lagoda GF, Musicki B, Rameau GA, Snyder SH, Bur-
nett AL (2012) Cyclic AMP-dependent phosphorylation of neuronal 
nitric oxide synthase mediates penile erection. Proc Natl Acad Sci    
U S A 109:16624-16629.

Kim DH, Cho YJ, Tiel RL, Kline DG (2003) Outcomes of surgery in 
1019 brachial plexus lesions treated at Louisiana State University 
Health Sciences Center. J Neurosurg 98:1005-1016.

Kitajima I, Doi K, Hattori Y, Takka S, Estrella E (2006) Evaluation of 
quality of life in brachial plexus injury patients after reconstructive 
surgery. Hand Surg 11:103-107.

Knakiewicz M, Rutowski R, Gosk J, Kuryszko J, Kielan W, Rudno-Rudz-
inska J, Knakiewicz M (2009) The evaluation of the influence of a 
high injury to brachial plexus elements on the condition of neurons 
of the anterior horns of the spinal cord--experimental research. Folia 
Neuropathol 47:347-353.

Kretschmer T, Ihle S, Antoniadis G, Seidel JA, Heinen C, Borm W, 
Richter HP, Konig R (2009) Patient satisfaction and disability after 
brachial plexus surgery. Neurosurgery 65:A189-A196.

Liu H, Liu Z, Liu B, Gu J (2009) The biomechanics research and clinical 
significance of brachial plexus avulsion in a rats model. Zhonghua 
Xianwei Waike Zazhi 32:222-224.

Lu Q, Gu L, Jiang L, Qin B, Fu G, Li X, Yang J, Huang X, Yang Y, Zhu Q, 
Liu X, Zhu J (2013) The upper brachial plexus defect model in rhe-
sus monkeys: a cadaveric feasibility study. Neuroreport 24:884-888.

Lue TF (2000) Erectile dysfunction. N Engl J Med 342:1802-1813.
Macyszyn LJ, Gonzalez-Giraldo E, Aversano M, Heuer GG, Zager EL, 

Schuster JM (2010) Brachial plexus injury mimicking a spinal cord 
injury. Evid Based Spine Care J 1:51-54.

Montorsi F, Padma-Nathan H, Glina S (2006) Erectile function and 
assessments of erection hardness correlate positively with measures 
of emotional well-being, sexual satisfaction, and treatment satisfac-
tion in men with erectile dysfunction treated with sildenafil citrate 
(Viagra). Urology 68:26-37.

Moses JE, Bansal SK, Goyal D (2013) Herniation of spinal cord into 
nerve root avulsion pseudomeningocele: A rare cause of delayed pro-
gressive neurological deficit. Indian J Radiol Imaging 23:205-207.

Nordin L, Sinisi M (2009) Brachial plexus-avulsion causing Brown-Se-
quard syndrome: a report of three cases. J Bone Joint Surg Br 91:88-90.

Rhee PC, Pirola E, Hebert-Blouin MN, Kircher MF, Spinner RJ, Bishop 
AT, Shin AY (2011) Concomitant traumatic spinal cord and brachial 
plexus injuries in adult patients. J Bone Joint Surg Am 93:2271-2277.

Soldado F, Fontecha CG, Marotta M, Benito D, Casaccia M, Mascar-
enhas VV, Zlotolow D, Kozin SH (2014) The role of muscle im-
balance in the pathogenesis of shoulder contracture after neonatal 
brachial plexus palsy: a study in a rat model. J Shoulder Elbow Surg 
23:1003-1009.

Spinner RJ, Khoobehi A, Kazmi S, Krumreich JA, Zhao S, Zhang Z, 
Kline DG, Beuerman RW (2000) Model for avulsion injury in the rat 
brachial plexus using passive acceleration. Microsurgery 20:94-97.

Tavukçu HH, Sener TE, Tinay I, Akbal C, Erşahin M, Cevik O, Cadirci 
S, Reiter RJ, Sener G (2014) Melatonin and tadalafil treatment im-
proves erectile dysfunction after spinal cord injury in rats. Clin Exp 
Pharmacol Physiol 41:309-316.

Toda N, Ayajiki K, Okamura T (2005) Nitric oxide and penile erectile 
function. Pharmacol Ther 106:233-266. Vodusek DB (2014) Lower 
urinary tract and sexual dysfunction in neurological patients. Eur 
Neurol 72:109-115.

Wang J, Wang Q, Liu B, Li D, Yuan Z, Zhang H (2012) A Chinese herbal 
formula, Shuganyiyang capsule, improves erectile function in male 
rats by modulating Nos-CGMP mediators. Urology 79:241.

Wang WT, Zhou MW, Huang HS, Chen YP, Yang YY, Zeng FS (2010) 
Selective innervation of sacral anterior rootlets to micturition and 
erection function in rats. Zhonghua Yi Xue Za Zhi 90:2363-2366.

Webb JC, Munshi P, Saifuddin A, Birch R (2002) The prevalence of spinal 
trauma associated with brachial plexus injuries. Injury 33:587-590.

Zhang H, Yip AW, Fan S, Yip PS (2013) Sexual dysfunction among 
Chinese married men aged 30-60 years: a population-based study in 
Hong Kong. Urology 81:334-339.

Copyedited by Farso M, Robert F, Li CH, Song LP, Zhao M


