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Objectives: The present study aimed to determine the inci- 

dence of hypocalcemia (temporary and permanent) following 

total thyroidectomy and to assess whether or not its clinical 

and biochemical features could be used as predictive mark- 

ers for postoperative hypocalcemia. Methods: A total of 144 

patients who undergone a total thyroidectomy were consti- 

tutes the base of such prospective study. Serum calcium were 

measured in addition to details of the operation including the 

pathology and complications were recorded. Results: The 

rate of hypocalcemia was identified in 70 patients (48.61%), 

among them, 62 patients (43.05%) were found to developed 

temporary hypocalcemia and only 8 patients (5.55) identi- 

fied to developed a permanent hypocalcemia. Temporary hy- 

pocalcemia was significantly more common among patient 

who had a toxic goiter. The mean of serum calcium levels 

that measured at 6 hours and 24 hours postoperatively were 

significantly different among study’s groups of hypocalcemia 

(normo-calcemia, temporary and permanent hypocalcemia). 

Conclusion: The serum calcium levels that measured six 

hours and 24 hours post thyroidectomy are useful as predic- 

tive marker for developing hypocalcemia. 

Keyword: Hypocalcemia, Thyroidectomy, serum calcium, 

post-operation. 

Objetivos: El presente estudio tuvo como objetivo determi- 

nar la incidencia de hipocalcemia (temporal y permanente) 

después de la tiroidectomía total y evaluar si sus característi- 

cas clínicas y bioquímicas podrían usarse como marcadores 

predictivos de hipocalcemia posoperatoria. Métodos: Un total 

de 144 pacientes a los que se les realizó una tiroidectomía 

total constituyeron la base de dicho estudio prospectivo. Se 

midió el calcio sérico además de los detalles de la opera- 

ción, incluida la patología y se registraron las complicacio- 

nes. Resultados: Se identificó la tasa de hipocalcemia en 70 

pacientes (48,61%), entre ellos, 62 pacientes (43,05%) de- 

sarrollaron hipocalcemia temporal y solo 8 pacientes (5,55) 

identificados desarrollaron hipocalcemia permanente. La hi- 

pocalcemia temporal fue significativamente más común entre 

los pacientes que tenían un bocio tóxico. La media de los 

niveles de calcio sérico medidos a las 6 horas y a las 24 

horas del posoperatorio fueron significativamente diferentes 

entre los grupos de hipocalcemia del estudio (normocalce- 

mia, hipocalcemia temporal y permanente). Conclusión: Los 

niveles de calcio sérico medidos seis y 24 horas después de 

la tiroidectomía son útiles como marcador predictivo para el 

desarrollo de hipocalcemia. 

Palabra clave: hipocalcemia, tiroidectomía, calcio sérico, 

posoperatorio. 

 
 

 

 
 

 

Postoperative hypocalcemia is one of the most common 

complications following thyroid surgery with a wide variety of 

incidences ranging from 0.5% up to more than 75%1,2. 

 
There are several causes suggested for developing hypocal- 

cemia postoperatively, including hemodilution or upsurged 

urinary excretion of calcium that is attributed to surgical 

stress, releasing of calcitonin secondary to the manipula- 

tion of thyroid gland, dysfunction of the parathyroid glands 

through direct injury, devascularization or even by removal3,4, 

or through what is known a hungry bone syndrome “toxic thy- 

roid osteodystrophy”5-9. 
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Although postoperative hypocalcemia is multifactorial in na-
ture, the thyroid lobectomy is solely plausibly related to such 
complication5,10, usually following the total thyroidectomy. 
Therefore, there is a potential risk for parathyroid injury com-
pared to other types of thyroid surgery.

It has been demonstrated that, the majority of post-thyroid-
ectomy hypocalcemia cases are temporary, and lasting a 
few months to return back to normal value. Nevertheless, 
few cases were found to persist behind such period and con-
sidered as permanent cases1,6,11. Moreover, the cut-off time 
period between temporary and permanent hypocalcemia are 
considered between 6 months to one year6,12. 

Several pieces of literature have examined many factors that 
might be considered predictors for the development of post-
thyroidectomy hypocalcemia involving the determination of 
parathyroids intra-operatively with various techniques of dis-
section 1,6,12,13. The present study aimed to determine the in-
cidence of hypocalcemia (temporary and permanent) follow-
ing total thyroidectomy and assess whether its clinical and 
biochemical features could be used as predictive markers for 
postoperative hypocalcemia.

Subject and method

In this prospective study, data were collected from all 144 
patients undergone total thyroidectomy at Al-Karakh private 
hospital during period from 2017 to 2020.

The blood sample from each patient was drawn and serum 
calcium was measured at 6 hours and 24 hours after surgery, 
and any more measurements for consecutive days when 
required. Whether the existence of clinical manifestation of 
hypocalcemia or not was also recorded. According to our 
hospital laboratory, the normal range of corrected serum cal-
cium was ranged from 2.2 to 2.7 mmol/l. In the present study, 
the criteria considered for defining hypocalcemia was based 
on corrected value of serum calcium with or without clinical 
manifestation; as a corrected serum calcium of <2.0 mmol/l 
was considered hypocalcemia regardless clinically asymp-
tomatic or if the corrected serum calcium of <2.2 mmol/l with 
the presence of one or more of clinical manifestations was 
also considered hypocalcemia. With including each patient 
even with just a single measure of serum calcium below such 
normal range, no cases of hypocalcemia were excluded from 
current study.

Details regarding surgical procedure, pathology of goiter, 
and any consequence complications were recorded beside 
patients’ demographics characteristics. Type and duration of 
calcium and vit. D therapies prescribed for the patients was 
documented, where those who requiring calcium replacement 
therapy were treated for 4 weeks period and then assessed 
and re-assessed their serum calcium levels in week period 
in the private clinic. Thereafter, when the patient became 
clinically hypocalcemia following cessation an exogenous 
calcium, their supplements were resumed, and their levels 
of serum calcium and parathyroid hormone were measured 

on three months post-operatively. Moreover, the definition of 
permanent hypocalcemia was considered according to the 
requirement for calcium therapy with or without vit. D supple-
ment for period of more than 6 months post-operatively.

Ethical Approval from Ethical Committee in the Department of 
Family and Community Medicine at the College of Medicine 
at Al-Iraqia University was obtained added to official permis-
sion from Al-Karakh private hospital. Other ethical prerequi-
sites including participation’s written consent with their right 
for refusal and confidentiality were ensured. 

Data were entered and analyzed using SPSS version 26 
and STATISTICA version12 with standard approaches of fre-
quencies and percentages. One Way ANOVA test and Chi-
squared test were used to assess the associations between 
quantitative and categorical variables respectively. A P value 
of <0.05 was been considered a significance level for any test 
throughout the study.

Results

A total 144 patients were enrolled in the study after inclu-
sion and exclusion criteria, their age was ranged from 18 to 
56 years with mean of 40.64±7.390 years old. Female pa-
tients were dominant (74.3%), and more than half of them 
identified to have a toxic goiter (59.0%) and only 12.5% of 
them reported to have a complication like vocal cord palsy. 
Moreover, significant differences were found among study’s 
groups regarding pathology, as patients who have toxic goi-
ter were more likely to develop hypocalcemia particularly the 
temporary one than those who have either non-toxic goiter 
or malignancy did so (  : 16.975, df: 4, P<0.05). No sig-
nificant differences were observed regarding other patients’ 
characteristics among study’s groups including age, gender 
and complications (P>0.05) (Table 1).
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Table 1. Patients’ characteristic among study’s groups (n= 144)

Patients’ Characteristics

Study’s’ Groups

N (%)
Normo-calcemia

(N= 74)
Temporary hypocalcemia

(N= 62)
Permanent hypocalcemia

(N= 8)

N (%) N (%) N (%)
Age

Mean ± SD 40.64 ± 7.390 42.59± 4.131 38.06± 9.758 42.50± 2.204
Significance*  : 0.846, P = 0.703

Gender
Female 107 (74.3) 50 (46.7) 52 (48.6) 5 (4.7)

Male 37 (25.7) 24 (64.9) 10 (27.0) 3 (8.1)
Significance**  : 5.315, df: 2, P = 0.070

Pathology
Toxic goiter 85 (59.0) 33 (38.8) 48 (56.5) 4 (4.7)

Non-toxic goiter 13 (9.0) 7 (53.8) 5 (38.5) 1 (7.7)
Malignancy 46 (31.9) 34 (73.9) 9 (19.6) 3 (6.5)

Significance**  : 16.975, df: 4, P = 0.002
Complications

No 126 (87.5) 64 (50.8) 56 (44.4) 6 (4.8)
Yes 18 (12.5) 10 (55.6) 6 (33.3) 2 (11.1)

Significance**  : 1.664, df: 2, P = 0.435
*: One Way ANOVA test, **: Chi-square test. 

Furthermore, significant differences were observed between 
serum calcium measured postoperatively and the development 
of hypocalcemia, as the mean of serum calcium measured 
at six hours postoperatively was significantly lower in those 
who developed permanent hypocalcemia than that found in 
those who either have temporary hypocalcemia or those with-
out hypocalcemia (1.9588±0.09463 vs. 2.0542±0.06086 and 
2.4203±0.14256) respectively. Similarly, the mean of serum 
calcium measured 24 hours postoperatively was significantly 
lower in those who developed permanent hypocalcemia than 
in those with temporary hypocalcemia and normo-calcemia 
(1.8638±0.5579 vs. 1.8960±0.7303 and 2.4209±0.14451) re-
spectively (F:25.498, df: 55, P<0.001).   

  

Discussion

Out of 144 patient undergone thyroidectomy, the rates of tem-
porary and permanent hypocalcemia were 43.05% and 5.5% 
respectively, and these rates were in consistent with what 
were reported by other studies1,2,5. 

In this study, toxic goiter was found to significantly associate 
with the development of temporary hypocalcemia following 
surgery, which appeared to be bloodier and required more 
diathermy for hemostasis. Such finding is similar to Pfleiderer 
et al. study1 that pathology was significantly associated with 
the development of post-operated hypocalcemia. No signifi-
cant differences were identified regarding patients’ age, sex, 
and complications among study’s groups of either temporary, 
permanent or no hypocalcemia, and these finding are sup-
ported by other studies1,12. Controversy, Prim et al., Nourel-
dine et al. and Del Rio et al. studies3,14,15 revealed that post-

operative hypocalcemia was significantly dominant in female 
patients rather than males patients, and such differences 
could be attributed to differences in applied study methods. 

The most interesting findings was the differences in serum 
calcium levels measured postoperatively and the devel-
opment of hypocalcemia, as the calcium levels have been 
dropped between the 6 hours and 24 hours post-operatively 
in the temporary group and more dramatically in permanent 
group whilst it remains approximately unaltered in normo-cal-
cemic group. From this perspective, this study could specu-
late that such progressive decline in the calcium levels post-
operatively is important marker and suggesting its usefulness 
in predicting the development of hypocalcemia at early as 
possible in order to prevent potential consequences. These 
findings are endorsed by other literature concluded that cal-
cium levels following thyroidectomy could be used as predic-
tor for development of hypocalcemia1,13,16-19. 

Conclusion

The serum calcium levels that measured six hours and 24 
hours post-thyroidectomy could be used as predictive marker 
for developing hypocalcemia particularly a permanent one. 
Furthermore, patients who had a toxic goiter are at the in-
creased risk of developing temporary hypocalcaemia.
Acknowledgements: The authors would like to thanks all 
patients who participated voluntarily in this study. 
Competing interests: Authors disclose that, no potential 
conflicting of interests is exist.
Funding: This study is self-funding

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pfleiderer A%5BAuthor%5D&cauthor=true&cauthor_uid=19317937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noureldine SI%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noureldine SI%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;


AV
FT

  A
rc

hi
vo

s 
Ve

ne
zo

la
no

s 
de

 F
ar

m
ac

ol
og

ía
 y

 T
er

ap
éu

tic
a

Vo
lu

m
en

 4
0,

 n
úm

er
o 

4,
 2

02
1 

  I
SS

N
 2

61
0-

79
88

409

www.revistaavft.com

References

1.	 	 Pfleiderer AG, Ahmad N,  Draper MR, Vrotsou K, and SmithWK. The 
Timing of Calcium Measurements in Helping to Predict Temporary 
and Permanent Hypocalcaemia in Patients Having Completion and 
Total Thyroidectomies. Ann R Coll Surg Engl. 2009; 91(2):140–146. 
doi: 10.1308/003588409X359349

2.	 	 Gac EP, Cabane TP, Amat VJ, Huidobro GF, Rossi FR, Rodríguez 
FR et al. Incidence of hypocalcaemia after total thyroidectomy. 
Rev Med Chil.  2007; 135(1):26–30. Available at: http://dx.doi.
org/10.4067/S0034-98872007000100004 

3.	 	 Prim MP, de Diego JI, Hardisson D, Madero R, Gavilan J. Fac-
tors related to nerve injury and hypocalcemia in thyroid gland 
surgery.  Otolaryngol Head Neck Surg.  2001; 124(1):111–4.   doi: 
10.1067/mhn.2001.112305

4.	 	 Sasson AR, Pingpank JF, Jr, Wetherington W, Hanion AL, Ridge 
JA. Incidental parathyroidectomy during thyroid surgery does not 
cause symptomatic hypocalcaemia. Arch Otolaryngol Head Neck 
Surg. 2001; 127(3):304–8. doi: 10.1001/archotol.127.3.304

5.	 	 Fahmy FF, Gillet D, Lolen Y, Shotton JC. Management of serum cal-
cium levels in post-thyroidectomy patients. Clin Otolaryngol. 2004; 
29(6):735–9. doi:10.1111/j.1365-2273.2004.00895.x

6.	 	 Pattou FP, Combemale F, Fabre S, Carnaille B, Decoulx M, we-
meau JL et al. Hypocalcaemia following thyroid surgery: incidence 
and prediction of outcome. World J Surg. 1998; 22(7):718–24.  doi: 
10.1007/s002689900459

7.	 	 Lindblom P, Westerdahl J, Bergenfelz A. Low parathyroid hormone 
levels after thyroid surgery: a feasible predictor of hypocalcae-
mia. Surgery. 2000; 131(5):515–20. doi: 10.1067/msy.2002.123005

8.	 	 Payne RJ, Hier MP, Tamilia M, Young J, MacNamara E, Black MJ. 
Postoperative parathyroid hormone level as a predictor of post-thy-
roidectomy hypocalcaemia. J Otolaryngol. 2003; 32(6):362–7.  doi: 
10.2310/7070.2003.13985

9.	 	 Payne RJ, Hier M, Tamilia M, MacNamara E, Young J, Black MJ. 
Same-day discharge after total thyroidectomy: the value of 6-hour 
serum parathyroid hormone and calcium levels. Head Neck. 2005; 
27(1):1–7. doi: 10.1002/hed.20103

10.	 	 De Pasquale L, Schubert L, Bastagli A. Post-thyroidectomy hypocal-
caemia and feasibility of short-stay thyroid surgery. Chir Ital. 2000; 
52(5): 549–54. Available at:

		  https://europepmc.org/article/med/11190548

11.	 	 Sturniolo G, Lo Schiavo MG, Tonante A, D’Alia C, Bonanno L. Hy-
pocalcaemia and hypoparathyroidism after total thyroidectomy: a 
clinical biological study and surgical considerations.  Int J Surg In-
vest. 2000; 2(2):99–105. Available at: https://pubmed.ncbi.nlm.nih.
gov/12678507/

12.	 	 Glinoer D, Andry G, Chantrain G, Samil N. Clinical aspects of 
early and late hypocalcaemia after thyroid surgery. Eur J Surg On-
col. 2000; 26(6):571–7. doi: 10.1053/ejso.2000.0949

13.	 	 Husein M, Hier MP, Al-Abdulhadi K, Black M. Predicting calcium sta-
tus post thyroidectomy with early calcium levels. Otolaryngol Head 
Neck Surg. 2002; 127(4):289–93. doi: 10.1067/mhn.2002.127891

14.	 	 Noureldine SI,   Genther DJ,  Lopez M,   Agrawal N, and   Tufano 
RP. Early Predictors of Hypocalcemia After Total Thyroidectomy: An 
Analysis of 304 Patients Using a Short-Stay Monitoring Protocol. 
JAMA Otolaryngol Head Neck Surg. 2014; 140(11):1006–1013. doi: 
10.1001/jamaoto.2014.2435

15.	 	 Del Rio P,   Rossini M,   Montana CM,   Viani L,   Pedrazzi G,   Lo-
derer T et al. Postoperative hypocalcemia: analysis of factors influ-

encing early hypocalcemia development following thyroid surgery. 
BMC Surgery. 2019; 18(1):25. doi: https://doi.org/10.1186/s12893-
019-0483-y

16.	 	 Eismontas V,  Slepavicius A, Janusonis V,  Zeromskas P,  Beisa V,  
Strupas K et al. Predictors of postoperative hypocalcemia occur-
ring after a total thyroidectomy: results of prospective multicenter 
study. BMC Surgery. 2018; 18(55):1-12. doi: https://doi.org/10.1186/
s12893-018-0387-2

17.	 	 El Nemr S, Reda M, Hashish M, Amir H. Assessment of Hypocalce-
mia Following Total Thyroidectomy for Benign Thyroid Lesions: To Be 
Continued or Not? The Egyptian Journal of Hospital Medicine.2019; 
75(1): 2105-2111. Downloaded from: https://ejhm.journals.ekb.eg/ar-
ticle_29725_c524d56baed0d5faab6e20d093eff1cd.pdf

18.	 	 Mejia MG, Gonzalez-Devia D, Fierro F, Tapiero M, Rojas L and Ca-
dena E. Hypocalcemia posthyroidectomy: prevention, diagnosis 
and management. Journal of Translational Science. 2018; 4(2):1-7. 
doi: 10.15761/JTS.1000212 

19.	 	 Pasquale S, Rossella S, Adriano M, Salvatore M, Emanuela E, Ales-
sandro E et al. Post-Thyroidectomy Hypocalcemia: Timing of Dis-
charge Based on Serum Calcium Levels. Surg Res Open J. 2015; 
2(2):62-65. doi: http://dx.doi.org/10.17140/SROJ-2-111

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pfleiderer A%5BAuthor%5D&cauthor=true&cauthor_uid=19317937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad N%5BAuthor%5D&cauthor=true&cauthor_uid=19317937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Draper M%5BAuthor%5D&cauthor=true&cauthor_uid=19317937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vrotsou K%5BAuthor%5D&cauthor=true&cauthor_uid=19317937
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith W%5BAuthor%5D&cauthor=true&cauthor_uid=19317937
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2749352/
https://dx.doi.org/10.1308%2F003588409X359349
https://doi.org/10.1067/mhn.2001.112305
https://doi.org/10.1001/archotol.127.3.304
https://doi.org/10.1111/j.1365-2273.2004.00895.x
https://doi.org/10.1007/s002689900459
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1067%2Fmsy.2002.123005?_sg%5B0%5D=EA5CFV3asOTfDYYm5d8aPM5XtA5_bHeZTZJVPN6s9f1AWp2i0Dt8H6YuetOamSmHDUnngT1UXgplRJzWdi6V25lW1A.o_4waHgBsnes1ZiJiFNuUTRVWskeNRZGAmpGr0lbM5CCAXKcn0mE9Xmmb_HzNsw1qqm_3MY9O4a9URWS3uyzYg
https://doi.org/10.2310/7070.2003.13985
https://doi.org/10.1002/hed.20103
https://europepmc.org/article/med/11190548
https://pubmed.ncbi.nlm.nih.gov/12678507/
https://pubmed.ncbi.nlm.nih.gov/12678507/
https://doi.org/10.1053/ejso.2000.0949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noureldine SI%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Genther DJ%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lopez M%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Agrawal N%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tufano RP%5BAuthor%5D&cauthor=true&cauthor_uid=25321339
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25321339
https://dx.doi.org/10.1001%2Fjamaoto.2014.2435
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
https://bmcsurg.biomedcentral.com/
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
file:///Users/persona/Documents/Documents/GABRIELA/TRABAJOS%20Disen%cc%83os/REVISTAS/REV%20ARCHIVO/Rev%20Archivo%202021/AVFT%204%202021/javascript:;
https://bmcsurg.biomedcentral.com/
https://doi.org/10.1186/s12893-018-0387-2
https://doi.org/10.1186/s12893-018-0387-2
https://ejhm.journals.ekb.eg/article_29725_c524d56baed0d5faab6e20d093eff1cd.pdf
https://ejhm.journals.ekb.eg/article_29725_c524d56baed0d5faab6e20d093eff1cd.pdf



