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Fig. 23.2 
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Fig. 23.3 
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Fig. 23.4 
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Fig. 23.5 
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Fig. 23.7 
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Fig. 23.9 
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Fig. 23.10 
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Fig. 23.12 
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Fig. 23.13 
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Fig. 23.14 
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Fig. 23.15 
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Fig. 23.16 
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Fig. 23.17 
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Fig. 23.20 
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Fig. 23.21 
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Fig. 23.22 
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Fig. 23.23 

Detrusor 
muscle 

Ureteral 
openings 

Trigone 

Urethra 

Urogenital 
diaphragm 

External urethral 
orifice 

(a) Female 

Internal urethral 
sphincter 

External urethral 
sphincter 

Ureter 

Rugae 

Ureteral 
openings 

Trigone 

Prostate gland 

Prostatic urethra 

Membranous 
urethra 

Bulbourethral 
gland 

Spongy (penile) 
urethra 

Penis 

Detrusor 
muscle 

Internal urethral 
sphincter 

Urogenital 
diaphragm 

External urethral 
sphincter 

External urethral orifice 
(b) Male 

Ureter 

Copyright © McGraw-Hill Education. Permission required for reproduction or display. 



25 

Fig. 23.24 

Full 
urinary bladder 

Stretch receptors 

Motor fibers to 
detrusor muscle 

Internal urethral 
sphincter (involuntary) 

External urethral 
sphincter (voluntary) 

1 

3 

4 

8 

2 

5 6 7 

Sensory 
fiber 

Motor 
fiber 

Para- 
sympathetic 
ganglion in 
bladder wall 

S2 

S3 

S4 

Urethra 

Somatic motor fiber 
of pudendal nerve 

Involuntary micturition reflex 

1 

2 

3 

4 

5 

6 

7 

8 

Stretch receptors detect filling of 
bladder, transmit afferent 
signals to spinal cord. 

Signals return to bladder from 
spinal cord segments S2 and S3 
via parasympathetic fibers in 
pelvic nerve. 

Efferent signals excite 
detrusor muscle. 

Efferent signals relax internal 
urethral sphincter. Urine is 
involuntarily voided if not 
inhibited by brain. 

Voluntary control 

For voluntary control, micturition 
center in pons receives signals 
from stretch receptors. 

If it is timely to urinate,  
pons returns signals to  
spinal interneurons that  
excite detrusor and relax  
internal urethral sphincter.  
Urine is voided. 

If it is untimely to urinate,  
signals from cerebrum excite  
spinal  interneurons that  
keep external urethral  
sphincter contracted. Urine 
is retained in bladder. 

If it is timely to urinate, signals 
from cerebrum inhibit sacral 
neurons that keep external 
sphincter closed. External urethral 
sphincter relaxes and urine is 
voided. 

          To pons 
and cerebrum 

From pons 

From 
cerebral cortex 

Sacral segments 
of spinal cord 

Pelvic nerve 

Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


