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Abstract
Objective:  To evaluate the long term patient outcomes over a 10 year period among 52 patients who had
tunica vaginalis (TV) for substitution urethroplasty.
Patients  and  methods:  Between October 2005 and December 2015, a total of 52 patients had TV substi-
tution urethroplasty. 25 cases had one stage free graft dorsal urethroplasty while 27 cases had augmented
anastomoses urethroplasty. Successful criteria were: patient satisfaction, urine flow rate above 16 mL/s,
patent urethrogram and no need for dilation or any instrumentation during the follow-up period.
Results: Overall success rate was 80.8%. Five cases completely failed due to severe wound sepsis and TV
urethroplasty redone successfully 6–12 months later. Recurrent urethral stricture occurred in 5 cases over a
period of 3–18 months. Superficial surgical site infection occurred in 7 cases. The 42 successful cases were
voiding well, with an average flow rate 20 mL/s. None of the patients had any scrotal pain or discomfort in
the follow-up period.
Conclusion:  To the best of our knowledge this is the first long term study using this technique with encour-
aging results and the researchers propose that it is considered as an additional option by reconstructive

genitourinary surgeons.
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ntroduction
rethral stricture disease in males is one of the most distressing
rological conditions since ancient times [1]. The management of
omplex urethral strictures is challenging because of the urethral
carring and fibrosis of the surrounding corpus spongiosum [2].

nd hosting by Elsevier B.V. This is an open access article under the CC
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nitially, long strictures were managed with a two-stage repair [3];
owever as the field of urethral reconstruction has developed, there
as been a paradigm shift towards one-stage repair using free grafts
ade of skin or buccal mucosa, pedicle-based flaps or combined

pproaches [4,5]. For decades, many tissues have been suggested
et the tissue of choice still remains controversial [6]. Various
esearchers proposed the use of tunica vaginalis for substitution
rethroplasty and some introduced it on the neourethra as a second
ayer in hypospadias repair with excellent results. Since 2005, our
enter has used tunica vaginalis (TV) for substitution urethroplasty
nd encouraging results have been achieved which we now use to
uggest that TV graft can be considered as an alternative when buc-
al mucosa is not available or at centers where general anesthesia is
ot always available. Various researchers proposed the use of tunica
aginalis for substitution urethroplasty and some introduced it on
he neourethra as a second layer in hypospadias repair with excellent
esults. In this study, we evaluated the long term patient outcomes
ver a 10 year period among 52 patients who had TV for substitution
rethroplasty.

atients  and  methods

he institutional ethics committee approved this prospective study.
fter obtaining fully informed written consent, a total of 52 patients
ere operated on by the same surgeon (H.A) from October 2005 to
ecember 2015. Any patient who was not suitable for end-to-end
rethral anastomosis was included in the study. Patients’ assess-
ent pre-operatively included a detailed clinical history, physical

xamination, urine culture, ascending urethrogram and micturating
ystourethrogram. The patient’s HIV status and blood chemistry
ere also determined. Patients who were HIV positive, not on
AART and had a CD4 count less than 100 were not included in

he study until their immunosuppression was adequately managed.
ver the 10 year period, our center conducted several urethroplasty
rocedures and in this study, 52 patients who met the inclusion crite-
ion described above had substitution urethroplasty using TV grafts
nd none received other grafts from the same surgeon.

urgical  technique

 pre-operative parenteral antibiotic was administered to all
atients. Spinal or general anesthesia was administered, and the
atient placed in the lithotomy position. The urethra was mobilized
hrough midline perineal incision and freed from underlying spon-
ious tissue. The site of stricture was identified by passing metal
rethral sound.

wenty five cases had one stage free graft dorsal urethroplasty and
7 cases had augmented anastomoses urethroplasty. In 25 cases,
orsal urethrotomy was done at the site of the stricture up to the
ealthy mucosa at the proximal end. In 27 cases, dissection of the
tricture (complete removal of scar tissue) was done and both ends
f the urethra were spatulate. The testes were delivered through
he perineal incision and the appropriate size of TV was harvested.
rimming of the cremaster fibers was then done, and the tissue was
ept in saline until it was ready to be placed on the recipient site.
n the 25 cases of dorsal urethrotomy, the opened urethra was rotated
80◦ onto the right side. The graft (TV) is fixed and quilted to
he tunica albuginea of the corporal bodies using 3/0 polyglactin
bsorbable running suture. The right margin of the opened urethra
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as sutured to the right side of the graft. The urethra is rotated
ack into its original position. The left urethral margin is sutured
o the left side of the patch graft and to the corporal bodies, and
he grafted area is entirely covered by the urethral plate. The bulbo-
avernous muscles are approximated over the grafted area. A 18F
ilicone Foley catheter is left in place [7].

n the 27 cases of dissection, the stricture and the urethral scar were
ompletely removed. The distal and proximal ends of the urethra
ere fully spatulated along the dorsal surface and 2 mL of fibrin
lue are injected over the urethra. The TV graft inserted using aug-
ented roof strips anastomosis by suturing of the distal and proximal

rethral edges to the apices of the graft. The distal urethra is pulled
own and the proximal urethra is pulled up to cover the graft. Distal
nd proximal urethral edges are sutured together along the midline
s an end-to-end anastomosis. Two mL of fibrin glue are injected
ver the urethra to prevent urinary leakage. At the end of the proce-
ure, a size 18F silicone catheter (if it was available) was inserted
nd fixed to the suprapubic catheter (with the balloon not inflated).
n instances where a silicone catheter was not available, a size 18F
asogastric tube was substituted and left in situ for 2–4 weeks. A
etailed description of this technique can be reviewed in the author’s
revious article [7].

ost-operatively, patients were given parenteral antibiotic and non-
teroidal anti-inflammatories for 5 days. A pericatheter urethrogram
as done before removal of the catheter.

ost-operative evaluation was done by assessing patient satisfaction,
erforming a urethrogram, and observing and timing the flow rate
volume of urine flow per given time) using a stop watch (because
owmetry was not available).

ollow-up was done at 2, 4, 6 and 12 months and annually thereafter.
uccessful criteria were: patient satisfaction assessed objectively
y use of a validated questionnaire, urine flow rate above 16 mL/s,
atent urethrogram, and no need for dilation or any instrumentation
uring the follow-up period. Successful outcome meant that a patient
ad to meet all of the criteria for success. In the subsequent follow-
p visits, patients had a urine flow rate assessment and answered a
uestionnaire to determine their satisfaction.

tatistical  analysis

e have used the Chi2 test for analysis of qualitative variables.
he Anova Test and K–S Test (to check the normal distribution)
ave been used in the study of quantitative variables. The mean
nd standard deviation (SD) were used to report continuous nor-
ally distributed variables. All statistical analysis were performed

sing ‘Statistical Package for Social Sciences’ software, 17.0 ver-
ion (SPSS Inc., Chicago, IL, USA).

esults

he 52 patient participants’ median (range) values of each of their
ariables were as follows: patient age 46,3 (22–79) years, follow
p 58 (6–120) months with only 3 patients with less than 1 year of

ollow up, intra-operative stricture length 67 (35–120) mm, oper-
ting time 86 (80–140) min and post-operative maximum urinary
ow rate 20 (17–24) mL/s. An example of a pre and post-operative
ystourethrogram is shown in Figs. 1 and 2 , respectively. Patient
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Figure  1  Pre-operative cystourethrogram showing multiple stric-
tures.

Figure  2  Post-operative urethrogram showing patent urethra.

Table  1  Etiology and site of stricture (N = 52).

Etiology of stricture n Site of stricture n

Inflammatory 25 (15 HIV+) Penile urethra 17
Lichen sclerosis 3 Bulbar urethra 15

Table  2  TV graft free graft urethroplasty complication gradings:
annal of surgery guidelines.

Grade Definition

Grade 1 Urethrorrhagia, scrotal swelling, temporary
numbness or dysesthesia to the perineum. We did
not experience any of the above.

Grade 2 Superficial surgical site infection (which did not
affect the anastomotic site) occurred in 7 cases
which responded well to parental antibiotics and
daily wound dressings

Grade 3 5 cases completely failed due to severe wound
sepsis and the TV urethroplasty was redone

Grade 3b 5 cases of recurrent stricture over a period of 3–18
months and management by dilatation and internal
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mucosa using an animal model, which showed patent and functional
Trauma 15 Bulbopenile 12
idiopathic 9 Multiple strictures 8

characteristics in this study are shown in (Table 1). At the end of the
follow-up period, 10/52 cases were considered to be a failure and
the overall success rate was 80.8%.

5 cases completely failed due to severe wound sepsis and the TV
urethroplasty was redone successfully 6–12 months later (Grade
III). Recurrent urethral strictures occurred in 5 cases over a period
of 3–18 months and management by dilatation and internal urethro-
tomy done in 2 and 3 cases, respectively (Grade IIIb). Superficial
surgical site infection (which did not affect the anastomotic site)
occurred in 7 cases which responded well to parental antibiotics
and daily wound dressings (Grade II) see Table 2. Follow-up patient
satisfaction was determined by answering a questionnaire post-
operative PROM at a median of 129 days that showed excellent
correlation between voiding symptoms scores maximum flow rates
(r = −0.69), supported by parallel improvements in the EQ-5D
visual analogue and time trade-off scores demonstrated criterion

validity. Cronbach’s alpha was 0.71 for the overall score. None of
the patients in this study had any scrotal pain or discomfort in the
follow-up period.

u
F
u

urethrotomy done in 2 and 3 cases respectively
Grade 4 No life threatening complications
Grade 5 No deaths

iscussion

lthough end-to-end anastomosis remains the method of choice in
hort segment urethral stricture (2–3 cm), patients with long seg-
ent and multiple stricture particularly in the penile urethra require

ubstitution urethroplasty with either genital or extra-genital graft
aterial [7].

aterials such as lingual mucosa, bladder mucosa and bowel
ucosa have been used with success by various surgeons and can

esult in complications as they required a laparotomy or an oral pro-
edure [8,9]. Use of skin grafts in substitution urethroplasty causes a
ot of complications due to hair follicles which might end up growing
nd forming stones in the urethra.

emmelaar was the first to report the use of bladder mucosa for
rethral reconstruction [10]. Following initial enthusiasm with this
ubstitute, there were reports of problems with harvesting tissue for
ubstitution and meatal exuberance [11].

umby was the first to describe the use of buccal mucosa for urethral
ubstitution as early as 1941, but it was only in the early 1990s that
uccal mucosa was rediscovered for this indication. El-Kasaby et al.
12] had the first reported use of buccal mucosa in urethroplasty for
dults [12].

arious factors have contributed to the acknowledgement of buccal
ucosa grafts as an ideal substitute for the urethra. These factors

nclude easy accessibility and manual handling, resistance to infec-
ion, compatibility with a wet environment, a thick epithelium, and

 thin lamina propria [13].

 percentage of 51 patients with buccal mucosa grafts had donor
ite pain that was worse than expected, 26% had perioral numb-
ess lasting more than 6 months [14]. Kero et al. [15] reported that
ral mucosa is an important reservoir for the human papillomavirus
nd urologists using buccal mucosa grafts needed to consider other
ewer graft tissue techniques [15].

alado et al. [16] evaluated tunica vaginalis as substitution for buccal
rethra as evidenced by radiographic and histological analysis [16].
oinquino et al. [17] reported their initial experience in 11 patients
sing TV dorsal graft urethroplasty with encouraging results [17].
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[17] Foinquinos RC, Calado AA, Janio R, et al. The tunica vagi-

nalis dorsal graft urethroplasty: initial experience. Int Braz J Urol
Figure  3  Dorsal placement of tunica vaginalis graft.

arbagli et al. [13], commenting on this article, emphasized that
this article confirmed that buried strip of TV becomes an epithe-
ialized tube which confirm and expend the ingenious Duplay’s
rinciple: each strip of autologous epithelial tissue has the potential
o be used for urethral regeneration”. This is an important message
or people involved in tissue engineering studies (p. 531) [17].

he TV graft is much easier to harvest than other materials because
t can be harvested through the same incision using regional anes-
hesia. Therefore, there is no need for another wound, general
nesthesia, and additional morbidity.

he tissue is abundant and suitable for any length of stricture (see
ig. 3).

n our experience using tunica vaginalis free graft in substitution ure-
hroplasty, the tissue is easy to mobilize and can fit anywhere along
he urethra giving much more flexibility pedicel graft techniques
annot easily offer. TV graft has significantly reduced operative
ime which helps to prevent complications for the prolonged high
ithotomy position [7].

conomically, the TV graft is suitable for developing countries
here many of the surgeons use spinal anesthesia because general

nesthetic agents are in short supply. Additionally, access to tissue
ngineering (TEBM) with its high cost may not be available.

ince October 2005, we have been using TV free grafts as sub-
titution for long segment urethral stricture, with encouraging long
erm results. Comparative studies with existing urethral substitution
issues are needed.

onclusions

ver a 10 year period, Tunica vaginalis free graft urethroplasty has
een used in the author’s department with encouraging results. This
echnique is easy, safe, and not time consuming. Comparative stud-
es with existing urethral substitution procedures are needed for best
ractices by reconstructive genitourinary surgeons. To the best of
ur knowledge, this is the first long term study using tunica vaginalis
ree graft urethroplasty.
onflict  of  interest

here is no conflict of interest.
H. Ashmawy, P.T. Magama

thical  committee  approval

his study was approved by Mpilo Central Hospital Institutional
thics Committee.

ource  of  Funding

here was no source of funding.

uthors’  Contributions

assan Ashmawy; performed the surgical operations, manuscript
riting, submission and revision.

raise Magama; manuscript editing.

eferences

[1] Palminteri E, Berdondini E, Paolo V. Contemporary urethral stricture
characteristics in the developed world. J Urol 2013;81:191–7.

[2] Mathur RK, Nagar M, Mathur R, et al. Single-stage preputial skin
flap urethroplasty for long-segment urethral strictures: evaluation and
determinants of success. BJU Int 2013;113:120–6.

[3] Johanson B. Reconstruction of the male urethra in strictures: application
of the buried intact epithelium technic. Acta Chir Scand 1953;176:3–6.

[4] Devine PC, Sakati IA, Poutasse EF, et al. One stage urethroplasty:
repair of urethral strictures with a free full thickness patch of skin. J
Urol 1968;99:191–3.

[5] Blandy JP, Singh M. The technique and results of one-stages island
patch urethroplasty. Br J Urol 1975;47:83–7.

[6] Rogers HS, McNicholas TA, Blandy JP. Long term results of one stage
scrotal patch urethroplasty. Br J Urol 1992;69(6):621–8.

[7] Ashmawy HM. Tunica vaginalis free graft ure-
throplasty: early experience. UIJ 2009;2(April (2)),
http://dx.doi.org/10.3834/uij.1944-5784.2009.04.07.

[8] Simato A, Gregori A, Ambruosi C, et al. Lingual mucosa graft urethro-
plasty for anterior urethral reconstruction. Eur Urol 2008;54:79–85.

[9] Ozgök Y, Ozgür Tan M, Kilciler M, et al. Use of bladder mucosal graft
for urethral reconstruction. Int J Urol 2000;7:355–60.

10] Memmelaar J. Use of bladder mucosa in a one stage repair of hypospa-
dias. J Urol 1947;58:68–73.

11] Ransley PG, Duffy PG, Oesch IL, et al. The use of bladder mucosa and
combined bladder mucosa/preputial skin grafts for urethral reconstruc-
tion. J Urol 1987;138(4 Pt. 2):1096–8.

12] El-Kasaby AW, Fath-Alla M, Noweir AM, et al. The use of buccal
mucosa patch graft in the management of anterior urethral strictures. J
Urol 1993;149:276–8.

13] Barbagli G, Selli C, di Cello V, et al. A one stage dorsal free graft ure-
throplasty for bulbar urethral strictures. Br J Urol 1996;78(6):929–32.

14] Wood DN, Allen SE, Andrich DE, et al. The morbidity of buccal
mucosal graft harvest for urethroplasty and the effect of nonclosure
of the graft harvest site on postoperative pain. J Urol 2004;172:580–3.

15] Kero K, Rautava J, Syriänen K, et al. Oral mucosa as a reservoir of
human papillomavirus: point prevalence, genotype distribution, and
incident infections among males in a 7-year prospective study. Eur
Urol 2012;62:1063–70.

16] Calado AA, Macedo Jr A, Delcelo R, et al. The tunica vaginalis
dorsal graft urethroplasty: experimental study in rabbits. J Urol
2007;33(4):523–31.

http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0005
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0010
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0015
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0020
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0025
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0030
dx.doi.org/10.3834/uij.1944-5784.2009.04.07
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0040
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0045
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0050
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0055
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0060
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0065
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0070
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0075
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0080
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085
http://refhub.elsevier.com/S1110-5704(17)30102-9/sbref0085

	Tunica vaginalis free graft urethroplasty: 10 years experience
	Introduction
	Patients and methods
	Surgical technique
	Statistical analysis
	Results
	Discussion
	Conclusions
	Conflict of interest
	Ethical committee approval
	Source of Funding

	Authors’ Contributions
	References

