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As treatment for malignant and nonmalignant diseases increases 
survival, the ability to preserve spermatozoa for long periods of 
time by low-temperature freezing has opened the possibility of 
preserving fertility in men who would otherwise be made subfertile 
or sterile by various treatments and disease processes. Mechanisms 
of reduction in sperm number or function may include surgery, 
irradiation, chemotherapy, or the disease process itself. Sperm 
banking technique is discussed, and recent data are presented on 
sperm cryopreservation from men with various diseases who were 
seen at the Cleveland Clinic. Sperm banking remains a promising 
technique for restoring fertility in some men with cancer. 
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The ability to preserve spermatozoa for long periods of 
time by low-temperature freezing has opened the possibility 
of preserving fertility in men who would otherwise be made 
subfertile or sterile by various treatments and disease pro-
cesses. Survival rates for patients with some malignancies, 
especially testicular cancer, acute leukemia, sarcomas, and 
Hodgkin's disease, have improved with new techniques in 
surgery, chemotherapy, and radiation. As a consequence, 
men with these disorders are unable to father children due 
to iatrogenic infertility or permanent sterility. This review 
will discuss mechanisms of therapeutically induced de-
creases in sperm number and function, our technique for 
semen cryopreservation, and recent data on sperm cry-
opreservation obtained from men with various diseases who 
were seen at the Cleveland Clinic. 
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Table 1. Semen analyses before and af te r freezing* 
Normal Testicular cancer Hodgkin's disease Lymphoma Sarcoma 

Number of patients 
Age (yr) 
Number of specimens 
Volume (ml) 
Pre-freeze 

Motility grade 
Motility (%) 
Count/ml (X106) 

Post-thaw 
Motility (%) 
Total motile (X106) 

15 
24 (20 -30) 

1 . 5 ( 1 - 3 ) 
3.0 (1 -6 .8) 

2.4 (2-3) 
63 (20 -85) 

111 (13 .6 -343) 

3 6 ( 1 5 - 6 5 ) 
132 (8 -824) 

16 
26 (19 -31) 

4 (2 -5) 
3.1 (0 .7 -8) 

2.3 (1 .5-3) 
5 7 ( 1 5 - 9 0 ) 
2 9 ( 1 - 1 0 0 ) 

30 (1 -70) 
80 (0 .8 -250) 

14 
27 (19 -38) 

4 (3 -6) 
2.7 (0 .9-7 .2) 

2 (1 .5-3) 
50 (10-80) 
50 (1 -231) 

22 (1-80) 
96 (0 .3 -358) 

4 
25.5 (21 -29 ) 

3.8 (3 -5 ) 
3.8 (2 -5 ) 

2.1 (1 .5-2 .5) 
56 (30 -80 ) 
41 (2 -133 ) 

23 (5 -45 ) 
87 ( 4 9 - 1 9 6 ) 

22 (19 -26) 
4 (3 -5) 
4 (2 .9-4 .6) 

2.5 (2-3 .5) 
69 (40 -90) 
5 4 ( 1 0 - 1 3 0 ) 

23 (8 -55) 
2 1 6 ( 1 8 - 3 5 7 ) 

* Mean values were determined from the mean of each patient's specimens. Values in parentheses indicate the lower and upper range of 
values for all specimens obtained. 

Iatrogenic causes of reproductive system 
damage 
Surgical 

Any extensive abdominal dissection carries a 
risk of ejaculatory disturbance1'2 or impotence.3 

(It is important during counseling to distinguish 
between the two, as patients often are confused 
about the different consequences.) The ejacula-
tory mechanism consists of a series of neuromus-
cular events requiring an intact autonomic nerv-
ous system in order to transport semen into the 
urethra and propel semen from the urethra dur-
ing orgasm while concomitant closure of the blad-
der neck occurs.4 

The best-documented occurrence of ejacula-
tory dysfunction following surgery is that associ-
ated with radical bilateral retroperitoneal lymph-
adenectomy used for treatment of nonsemino-
matous testicular tumors. Kedia et al5 reported 
that 49 of 52 men had loss of emission after 
retroperitoneal node dissection, with preserva-
tion of orgasmic and erectile function. Although 
it has been assumed previously that this surgical 
procedure resulted in retrograde ejaculation, the 
defect appears to be failure of emission, as neither 
sperm nor fructose have been detected in alkalin-
ized urine specimens after ejaculation was at-
tempted.5 

Ejaculatory failure is probably due to removal 
or injury of lumbar sympathetic ganglia or dam-
age at the presacral hypogastric plexus.6 This may 
cause continuous slow transport of seminal fluid 
through the vas deferens as a consequence of 
persisting segmental contraction and continuous 

secretion from the accessory genital glands, or 
may lead to paralysis of the motor innervation to 
the vas deferens, both resulting in failure of 
emission and subsequent infertility.5,7 When a 
modified resection was used, ejaculation resumed 
spontaneously within a 3-year period in 25 of 55 
cases of Stage I or II nonseminomatous germ-cell 
tumors and was induced with sympathomimetic 
agents in five others.8 In a follow-up study, 51 % 
of 63 patients had return of ejaculatory function 
and 12 (of an unknown number who had tried) 
had fathered children.9 

Unilateral orchiectomy does not appear to be 
associated with a significantly decreased sperm 
count or motility if the remaining testis is nor-
mal.1011 

Testicular irradiation 
Direct irradiation of the testes causes a dose-

dependent decline in sperm count at doses as low 
as 50 rad (0.5 Gy).12 At low doses under 100 rad 
(1 Gy), oligospermia or azoospermia may last for 
nine to eighteen months, and at higher doses, for 
periods of up to two to three years.12 Total body 
irradiation used for bone marrow transplant 
preparation (1000 rad [10 Gy] or greater) usually 
is associated with permanent sterility. Oligo-
spermia or azoospermia may occur in patients 
who received only scattered irradiation to the 
testicles, for example, from total abdominal ir-
radiation given for Wilms' tumor,14 seminoma,15 

and "inverted Y" irradiation for Hodgkin's 
disease16 in spite of testicular shielding. In many 
cases, the sperm count will return to the pre-
irradiation level within 3 -4 years.15 
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Chemotherapy 

The primary testicular lesion in adult men 
caused by most antitumor agents is depletion of 
the germinal epithelium that lines the seminifer-
ous tubules, resulting in complete aplasia of ger-
minal cells with only Sertoli cells remaining in 
the tubular lumen. Only occasional immature 
sperm are observed.17 Consequently, serum fol-
licle stimulating hormone (FSH) levels are ele-
vated and androgen binding protein levels are 
decreased.18 The interstitial cells of Leydig are 
usually normal in appearance and continue to 
produce testosterone in response to luteinizing 
hormone (LH), although subclinical functional 
defects may be present. However, in adolescent 
males, overt Leydig cell damage may occur as 
well, with subsequently decreased serum testos-
terone and elevated LH levels.17'19 

Individual antineoplastic drugs that are best 
characterized as causing testicular damage are 
alkylating agents,17,20 such as cyclophosphamide21 

and chlorambucil,22 and DNA-synthesis inhibi-
tors such as procarbazine.21,23 Few data are avail-
able on short or long-term effects of newer anti-
tumor agents on gonadal function and fertility, 
which probably reflects the relatively recent suc-
cesses of such therapy in producing long-term 
remissions.24 It is likely that many of these cyto-
toxic drugs will be associated with at least tem-
porary decreases in sperm production. 

With single-agent therapy, the damage is 
clearly dose-related,21 but combinations of cyto-
toxic agents may act synergistically to cause tes-
ticular impairment. Treatment of Hodgkin's dis-
ease with MOPP (nitrogen mustard, vincristine, 
procarbazine, and prednisone) or related regi-
mens has produced azoospermia in 100% of men 
within one to two cycles.25 26 

The recovery of spermatogenesis after cessa-
tion of drug treatment is variable and probably 
is related to type of drug, dose, and duration of 
administration, as well as to interval of therapy. 
Few prospective studies of gonadal function have 
been reported, but retrospective studies suggest 
that oligospermia persists for several years follow-
ing completion of treatment with most single 
alkylating agents, and longer after combination 
chemotherapy, especially when procarbazine is 
used.17,20 In a study of 64 men with Hodgkin's 
disease treated with MOPP, less than 10% (4/64) 
had evidence of spermatogenesis for 15-51 
months after treatment25 and less than 5% were 
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Table 2. Pre t rea tment sperm analysis in men with 
cancer 

Reference Disease* 
Sperm density 

>20 X 106/mlt 
Motility 
>40%f 

Sanger et al29 HD 8/11 5 /8 
Whitehead et al30 HD 15/19 15/15 
Rothmann (present study) HD 8 /14 11/14 

3 4 / 5 6 | 4 2 / 5 6 t 
Sanger et al29 TC 8 /10 7/8 
Fritz and Weissbach" TC 29/36J ND 
Thachil et al10 TC 20 /42 ND 
Bracken and Smith51 TC 9 /25 12/25 
Rothmann (present study) TC 8 /16 15/16 

28/64")" 56/64-j" 

* HD = Hodgkin's disease; TC = testicular cancer, 
f All denominators are number of patients, except those with 
which have number of specimens as the denominator. 
J Lower limit given as 10 X 106 ml. 

fertile 6 years after therapy. Lange et al9 reported 
that 10 patients with nonseminomatous testicular 
tumors treated with vinblastine sulfate and bleo-
mycin ± platinum (VB±P) had no evidence of 
sperm production within 18 months of chemo-
therapy; however, 10 of 24 men evaluated 18 
months after completing chemotherapy had live 
sperm present in ejaculates (average 40.3 ± 68.4 
X 106), eight had normal serum FSH, and two 
had fathered children. A retrospective study of 
16 patients treated with VB±P showed that half 
had sperm counts greater than 20 million per ml 
and five had fathered children.27 

Clearly, spermatogenesis will resume in some 
men after years have elapsed and conception has 
been reported increasingly as more men survive 
5-10 years. Unfortunately, this long time inter-
val often coincides with the time when many 
couples will want to have children. Furthermore, 
it is not possible to predict accurately which men 
will have resumption of sperm production. The 
long-term effects may be more severe in patients 
receiving therapy during puberty, in contrast to 
effects on the prepubertal testis, which appears 
to be the most resistant to deleterious effects of 

. 1 Q Oft 
cytostatic agents. • 
Disease-related subfertility 

Few well-controlled prospective studies of pre-
treatment sperm quality in cancer patients have 
been published; nevertheless, several reports 
have reinforced a general presumption by prac-
titioners that men with cancer are subfertile. 

 on July 30, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


92 Cleveland Clinic Quarterly Vol. 53, No. 1 

Oligospermia and azoospermia have been dem-
onstrated before treatment in some men with 
different tumors,10,29-31 but the precise frequency 
is unknown. In most reports the pathologic type 
and clinical stage of disease have not been de-
scribed or related to sperm quality, and often 
spermograms are reported from a single speci-
men, which can be misleading even in normal 
individuals. Furthermore, control subjects used 
for comparison are often artificial insemination 
donors, who may not be representative of the 
actual normal population, as they usually are 
chosen for their high sperm counts and excep-
tional motility. 

Our own experience suggests that counts can 
vary markedly in a population of men with a 
particular disease (or no disease), but often will 
be sufficient for banking. Table 1 shows a sum-
mary of our results obtained from men with 
different tumors. Although the series is too small 
for meaningful analysis by factors such as pres-
ence and location of metastases, stage of disease, 
complicating clinical symptoms, or history, the 
results suggest that many men with cancer have 
normal counts and motility and should be consid-
ered candidates for sperm banking until proved 
otherwise. This observation has been substanti-
ated by other investigators, as summarized in 
Table 2. 

When present, the causes of oligospermia in 
untreated cancer patients are not well under-
stood, but may be an effect of a particular disease 
or may be related to fever, inflammatory or 
infectious processes, nutritional state, metabolic 
or hormonal disturbances, and emotional stress. 
The presence of metastatic disease has been as-
sociated with lower sperm counts in patients with 
testicular cancer,10 which we also have observed. 
In addition, previously undiagnosed infertility 
may be present in some patients. 

Sperm banking 
Technique 

The technique of sperm banking has been 
available for many years.32 The currently best 
accepted method is nitrogen-vapor freezing fol-
lowed by liquid nitrogen storage.33 The patient's 
semen is collected by masturbation into a clean 
nonspermicidal container or emission into a sili-
cone container and should be delivered to the 
laboratory within one-half hour. After analysis, 
the semen may be extended with a buffer solution 

or hen egg yolk and then is mixed slowly with a 
glycerol cryoprotectant.34 The semen is cooled 
gradually to —100° C and finally stored in liquid 
nitrogen at - 1 9 6 ° C. About 25-50% of the mo-
tile sperm become nonmotile during the freezing 
process (Table 1); however, once stored in liquid 
nitrogen, sperm viability appears to be stable for 
long periods.35,36 Although the precise duration 
of preservation of sperm function is unknown, 
properly stored sperm remain functional for at 
least 3 years37 and may be functional upward of 
10 years, as shown by the studies of Sherman.32 

The technique is not associated with increased 
pregnancy complications or birth defects in 
offspring ,33,38 and one group has reported a 
45% pregnancy rate using cryopreserved sperm 
from oligospermic men.38 

Collection considerations 
Potential candidates for sperm banking need 

to be identified and referred to the sperm bank 
as soon as possible to establish the baseline sperm 
count and schedule collection times. In order to 
optimize chances of later fertilization, 3 -6 
ejaculates should be frozen, each collected 2 -4 
days apart. Sexual activity with ejaculation within 
24-48 hours of semen collection must be avoided 
during the collection period, in order to allow 
maximum numbers of sperm to be collected. The 
urgency for disease treatment will determine the 
number of specimens that can be collected. Pa-
tients with testicular cancer or other malignancies 
requiring abdominal debulking surgery should 
bank their sperm after unilateral orchiectomy or 
biopsy and before lymphadenectomy or resec-
tion. 

Problems encountered in therapeutic sperm banking 
A principle problem in therapeutic sperm 

banking is communication to the patient that 
reproductive options are available and that fer-
tility may be salvaged by sperm banking. Some 
physicians are reluctant to recommend sperm 
banking under the assumption that the proce-
dure will delay the initiation of treatment, or that 
sperm counts will be inadequate. Many of the 
patients who have the best chance for survival 
and good sperm quality are those presenting with 
few symptoms and little likelihood of metastatic 
disease, thus the optimum 10-14 day collection 
period should present an insignificant delay. In 
the few patients in whom the likelihood of rapidly 
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growing tumor makes this delay unacceptable, 
one or two specimens may be collected in 48 
hours, with the possiblity of using in vitro fertil-
ization to conserve the number of sperm during 
subsequent conception attempts. Direct commu-
nication with the oncologic physician is of great 
importance in determining a realistic collection 
schedule. 

When oligospermia is observed in the initial 
specimen, possible causes should be sought, and 
a second specimen obtained in 2 - 3 days. Often 
patients are extremely anxious before and during 
the first collection attempt, and need to be given 
ample opportunity to relax and discuss their con-
cerns. After counseling, the second specimen 
may be improved considerably. Where possible, 
patients are encouraged to involve their sexual 
partner in the collection procedure. When travel 
distance requires collection at the banking facil-
ity, absolute privacy must be guaranteed. 

In some patients sperm banking is not possible 
due to extent of disease, azoospermia, or collec-
tion difficulties. Table 3 lists the problems en-
countered in 14 patients that prevented sperm 
storage. Two patients were too ill to delay treat-
ment and four were azoospermic after induction 
or consolidation chemotherapy was completed. 
The time after therapy ranged from one month 
to 6 years (in a patient with prior Hodgkin's 
disease in whom leukemia subsequently devel-
oped). Three men had idiopathic azoospermia 
and one had no motile sperm. Two patients were 
unable to obtain a specimen on several occasions, 
and two elected not to attempt sperm banking. 

Several authors have attempted to set sperm 
quality criteria for cryopreservation, however, 
the advent of successful in vitro fertilization tech-
niques has made such standards obsolete. Frozen 
sperm can be used for in vitro fertilization39-41 

and in a recent study, eight pregnancies (seven 
successful) were achieved with sperm from men 
with motile sperm counts less than 0.5 million/ 
ml, including two from sperm cryopreserved 
from a man with testicular teratoma. In all eight 
specimens sperm progression was poor to mod-
erate, demonstrating that conception can be 
achieved with low-quality sperm when this tech-
nique is used instead of conventional artificial 
insemination. 

As treatment for malignant and nonmalignant 
diseases increases survival, the impact of thera-
pies on fertility will become more apparent. Until 
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Table 3. Reasons for not banking sperm 
Reason No. 

Previous chemotherapy, azoospermic 4 
Idiopathic azoospermia 3 
Too ill 2 
Unable to obtain specimen 2 
Not interested 2 
No motility post-thaw 1 

disturbance of reproductive function can be min-
imized or eliminated, sperm banking remains a 
promising technique for restoring fertility in 
some men. Research on new freezing media and 
techniques, and the use of in vitro fertilization as 
well as better-timed artificial insemination, 
should lead to greater success, especially for Oli-
gospermie men. 

Susan A. Rothmann, Ph.D. 
Andrology Laboratory 
The Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, OH 44106 

References 
1. Weinstein MN, Machleder HI. Sexual function after aorto-

iliac surgery. Ann Surg 1975; 181:787-790. 
2. Williams DI, Watson PC, Golligher JC, Riches EW, Gabriel 

WB, Pyrah LN. Discussion on urological complications of 
excision of the rectum. Proc Roy Soc Med 1951; 44:819-828. 

3. Krane RJ, Siroky MM. Neurophysiology of erection. Urol 
Clin N Am 1983; 8:91-102. 

4. Thomas J. Ejaculatory dysfunction. Fertil Steril 1983; 
39:445-454. 

5. Kedia KR, Markland C, Fraley EF. Sexual function after 
high retroperitoneal lymphadenectomy. J Urol 1975; 
114:237-239. 

6. Kom C, Mulholland SG, Edson M. Etiology of infertility 
after retroperitoneal lymphadenectomy. J Urol 1971; 
105:528-530. 

7. Leiter E, Brendler H. Loss of ejaculation following bilateral 
retroperitoneal lymphadenectomy. J Urol 1967; 98:375-378. 

8. Narayan P, Lange PH, Fraley EE. Ejaculation and fertility 
after extended retroperitoneal lymph node dissection for tes-
ticular cancer. J Urol 1982; 127:685-688. 

9. Lange PH, Narayan P, Vogelzang NJ, Shafer RB, Kennedy 
BJ, Fraley EE. Return of fertility after treatment for non-
seminomatous testicular cancer: changing concepts. J Urol 
1983; 129:1131-1135. 

10. Thachil JV, Jewett MAS, Rider WD. The effects of cancer 
and cancer therapy on male fertility. J Urol 1981; 126:141-
144. 

 on July 30, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


94 Cleveland Clinic Quarterly Vol. 53, No. 1 

11. Fritz K, Weissbach L. Sperm parameters and ejaculation 
before and after operative treatment of patients with germ 
cell testicular cancer. Fertil Steril 1985; 43:451-454. 

12. Rowley MJ, Leach DR, Warner GA, et al. Effect of graded 
doses of ionizing irradiation on the human testis. Radiat Res 
1974; 59:665-678. 

13. Deeg HJ, Storb R, Thomas ED. Bone marrow transplanta-
tion: a review of delayed complications. Br J Haemat 1984; 
57:185-208. 

14. Shalet SM, Beardwell MG. Endocrine consequences of treat-
ment of malignant disease in childhood: a review. J Roy Soc 
Med 1979; 72:39-41. 

15. Slanina J, Musshoff K, Rahner T, Stiasny R. Long-term side 
effects in irradiated patients with Hodgkin's disease. Int J 
Radiat Oncol Biol Phys 1977; 2:1-19. 

16. Amelar RD, Dubin L, Hotchkiss RS. Restoration of fertility 
following unilateral orchiectomy and radiation therapy for 
testicular tumors. J Urol 1971; 106:714-718. 

17. Schilsky FL, Lewis BJ, Sherins RJ, Young RC. Gonadal 
dysfunction in patients receiving chemotherapy for cancer. 
Ann Int Med 1980; 93:109-114. 

18. de Kretser DW, Kerr JB. The effect of testicular damage on 
Sertoli and Leydig cell function. Monogr Endocrinol 1983; 
25:133-154. 

19. Sherins RJ, Olweny CLM, Ziegler JL. Gynecomastia and 
gonadal dysfunction in adolescent boys treated with combi-
nation chemotherapy for Hodgkin's disease. N Engl J Med 
1978; 299:12-16. 

20. Chapman RM. Effect of cytotoxic therapy on sexuality and 
gonadal function. Sem Oncol 1982; 9:84-94. 

21. Gould SF, Powell D, Nett T, Glode LM. A rat model for 
chemotherapy-induced male infertility. Arch Androl 1983; 
11: 141-150. 

22. Richter P, CalameraJC, Morgenfield MC,Kierszenbaum AL, 
Lavieri JC, Mancini RI. Effect of chlorambucil on sperma-
togenesis in the human with malignant lymphoma. Cancer 
1970; 25:1026-1030. 

23. Sieber SM, Correa P, Dalgard DW, Adamson 
RH. Carcinogenic and other adverse effects of procarbazine 
in nonhuman primates. Ca Res 1978; 38:2125-2134. 

24. Bender RA, Young RC. Effects of cancer treatment on 
individual and generational genetics. Semin Oncol 1978; 
5:47-56. 

25. Chapman RM, Sutcliffe SB, Rees LH, Edwards CRW, Malpas 
JS. Cyclical combination chemotherapy and gonadal func-
tion. Lancet 1979; 1:285-289. 

26. Chapman RM, Sutcliffe SB, Malpas JS. Male gonadal dys-

function in Hodgkin's disease: a prospective study. JAMA 
1981; 245:1323-1328. 

27. Drasga RE, Williams SD, Stevens EE, Patel DN, Einhorn LH, 
Robin RJ. Gonadal function after platinum, vinblastine, 
bleomycin (PVB) +/— adriamycin (A) in testicular cancer 
(Abs.) Proc Amer Soc Clin Oncol 1982; 1:105. 

28. Kirkland RT, Bongiovanni AM, Cornfield D, McCormick JB, 
Parks JS, Tenore A. Gonadotropin responses to luteinizing 
releasing factor in boys treated with cyclophosphamide for 
nephrotic syndrome. J Pediatr 1976; 89:941-944. 

29. Sanger WG, Armitage JO, Schmidt MA. Feasibility of semen 
cryopreservation in patients with malignant disease. JAMA 
1980; 244:789-790. 

30. Whitehead E, Shalet SM, Blackledge G, Todd I, Crowther D, 
Beardwell CG. The effects of Hodgkin's disease and com-
bination chemotherapy on gonadal function in the adult male. 
Cancer 1982; 49:418-422. 

31. Bracken RB, Smith KD. Is semen cryopreservation helpful 
in testicular cancer? Urol 1980; 15:581-583. 

32. Sherman JK. Synopsis of the use of frozen semen since 1964; 
state of the art of human semen banking. Fertil Steril 1973; 
24:397-412. 

33. Sherman JK. Cryopreservation of human semen. [In] Hafez 
ESE, ed. Techniques of Human Andrology. Amsterdam, El-
sevier/North Holland Biomedical Press, 1977, pp 399-420 . 

34. Mahadevan M, Trounson AO. Effect of cryoprotective me-
dia and dilution methods on the preservation of human sper-
matozoa. Andrologia 1983; 15:355-366. 

35. Tyler ET. The clinical use of frozen semen banks. Fertil 
Steril 1973; 24:413-416. 

36. Mahadevan M, Trounson AO. Effect of cooling, freezing 
and thawing rates and storage conditions on preservation of 
human spermatozoa. Andrologia 1984; 16:52-60. 

37. Glassman AB, Bennett CE. Semen analysis: criteria for cry-
opreservation of human spermatozoa. Fertil Steril 1980; 
34:66-67. 

38. Barwin BN. Artificial insemination and semen preservation. 
Prog Reprod Biol 1978; 3:141-156. 

39. Mahadevan MM, Trounson AO, LeetonJF. Successful use 
of human semen cryobanking for in vitro fertilization. Fertil 
Steril 1983; 40:340-343. 

40. Cohen J, Feiten P, Zeilmaker GH. In vitro fertilizing capac-
ity of fresh and cryopreserved human spermatozoa: a com-
parative study of freezing and thawing procedures. Fertil 
Steril 1981; 36:356-362. 

41. Cohen J, Edwards R, Fehilly C, et al. In vitro fertilization: a 
treatment for male infertility. Fertil Steril 1985; 43:422-432. 

 on July 30, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/

