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Abstract 

The incorporation of Pharmaceutical Care in Pharmacy students’ curricula has given future pharmacists the opportunity 

to interact with health care users and professionals. Prescribing cascades are one of the main problems for elderly patients, 

leading to polypharmacy and adverse drug reactions (ADR). 

Objective: To present the study of an elderly patient pharmacotherapy in the context of pharmacy experiential education 

that involved discussion with the geriatrician.  

Materials and Methods: A 72-year-old woman who was receiving 19 drugs was interviewed by pharmaceutical care 

students and her pharmacotherapy studied using STOPP/START criteria. 

Results: Interaction among students, patient and geriatrician redounded in a thorough analysis of the pharmacotherapy. 

Most of the drugs were prescribed to treat possible ADRs and that the patient presented several interactions together with 

symptoms of an anemic state.  

Conclusion: Students had the opportunity to interact with patients, putting into practice tools that have proved to be 

useful to detect possible inappropriate prescription. Discussion with the geriatrician improved the outcome by enriching 

the results of an interdisciplinary approach. In this case, because of many prescribing cascades, the patients’ 

pharmacotherapy resulted in an intricate connection of prescriptions. 

Keywords: elderly; polypharmacy; pharmacotherapeutic assessment; interdiscipline; pharmaceutical care; 

prescribing cascades 

Introduction 

Pharmacy students in Uruguay have little chances to interact with patients 

and health care professionals on a regular basis, this lays on different reasons, 

being one of them the curricula. The inclusion of Pharmaceutical Care as a 

subject in the studying plan has given the students the opportunity to relate 

to patients, physicians and nurses. In the health setting professors of two 

Departments, Pharmaceutical Sciences and Geriatrics, have started 

collaborating to introduce students in the use of different tools to evaluate 

elderly patients in order to optimize their therapy. 

Elderly patients are always a challenge for the health care system. In 1965 

Bernard Isaacs described 5 giants in geriatrics: immobility, instability, 

incontinence, and impaired intellect/memory [1]. Over the years these 

concepts have evolved to the four syndromes: frailty, sarcopenia, the 

anorexia of aging and cognitive impairment [2,3,4,5]. These conditions lead 

patients to falls, hip fractures, depression, and delirium [6,7,8,9]. The early 

detection of these syndromes can reduce disability, hospitalization, 

institutionalization, and mortality 10. What needs to be understood is that 

polypharmacy is one of the factors that may precipitate the beginning of any 

of these syndromes. 

Prescribing cascades usually occur when signs and symptoms of a patient are 

inaccurately assessed and an adverse drug reaction (ADR) is misinterpreted 

as a new condition, resulting in a new medication being prescribed, leading 

to polypharmacy [11,12]. In the last decades, polypharmacy, defined here as 

the consumption of 5 or more drugs for at least 6 months 13, has become an 

increasingly frequent problem among elderly population.  This is due to 

demographic and socio-sanitary factors such as gender, cultural level, 

economic position and access to primary health care, fragmentation of the 
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health care system, multiple prescribers, and ineffective doctor-patient 

communication among others. Furthermore, on a biological level, aging 

produces a series of physiological changes that are associated with 

alterations in drug pharmacokinetics and pharmacodynamics making older 

adults more vulnerable to ADRs [14]. Polypharmacy has been associated 

with an increased risk of potentially inappropriate prescribing of medication 

and of ADRs that may cause falls and geriatric syndromes [15, 16]. A useful 

strategy to evaluate the appropriateness of a prescription and to avoid 

polypharmacy in the elderly population is to use the STOPP (Screening Tool 

of Older Persons’ potentially inappropriate Prescriptions) and START 

(Screening Tool to Alert to Right Treatment) criteria [17,18]. 

Pharmacotherapy’s study to detect possible prescribing cascades is a 

demanding activity and the collaboration of different professions profiles 

enriches the process of discussion. We will describe a case that illustrates the 

clinical perils of polypharmacy and serves as a point for critical discussion 

of pharmacy students. 

Methods: 

Form After completion of the theoretical part of the subject Pharmaceutical 

Care, pharmacy students performed a pharmacotherapeutic interview, 

following a form previously designed for this purpose during class. The form 

included information about patient’s illnesses, pharmacotherapy, and 

medicinal plants consumption. Laboratory results were collected from 

medical chart. To assess patient’s therapy STOPP-START criteria was used 

to find potentially inappropriate prescriptions and omissions. Other aims of 

the study included: identifying prescribing cascades, ADR detections and 

drug interactions. Their analysis was then discussed with the geriatrician and 

pharmacy professors. What follows are their findings regarding the criteria 

applied and a discussion of the pharmacotherapy evaluated. 

Results: 

M.C.C was a 72-year-old Caucasian woman who attended a medical 

appointment with the geriatrician for the first time. Her multiple medical 

conditions included type II diabetes, hypothyroidism, depression, chronic 

stress, gastritis, H Pylori, duodenitis, hiatal hernia, irritable bowel, 

osteoarthritis, urinary incontinence. She had been treated for depression for 

over 40 years and attempted to kill herself on one occasion. Anemia was 

diagnosed in consultation; hemoglobin level was 11.8 g/dL and iron and 

ferritin levels were determined after consultation. She also referred fear of 

falling because of having suffered from frequent falls which led to multiple 

fractures and loss of dental pieces. 

M.C.C was currently taking 19 drugs which included: metformin, 

oxybutynin, gliclazide, T4, lamotrigine, escitalopram, betahistine, vitamin 

B12, domperidone, loratadine, zolpidem, atorvastatin, tizanidine, 

pinaverium, gabapentin and long-standing prescription of alprazolam, 

ibuprofen, diclofenac and omeprazole (for the past 30 years). 

 

 
Table 1: displays the STOPP and START criteria present in this clinical history and the medication related to them. 

 

It is noteworthy that neither the patient nor the medical chart referred to high 

cholesterol or neuropathic pain so the inclusion of atorvastatin and 

gabapentin in the patient’s medication has no clinical evidence. Diclofenac, 

ibuprofen and tizanidine may be present as Over-the-counter 

medicines (OTCs) for the treatment of some painful condition but no 

prescribed by the clinicians. 

Duration of treatment raised concern regarding benzodiazepines, not only 

because of the patient’s age but also taking into consideration that the patient 

is prone to falls, and the effect of alprazolam is added to the one of 

zolpidem.    

This case also illustrates the dynamics of a drug prescription cascade, which 

eventually resulted in intricated interconnections of prescriptions. Figure 1 

illustrates how this can be perceived as a prescribing web. 
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Figure 1: This figure illustrates the intricated pathways that may have led to a prescribing cascade that transformed in time into a prescribing web. 

In order to analyze the cycle shown in Figure 1, we decided to use 

omeprazole as a starting point as the patient had been taking the drug for 

more than thirty years. Studies have shown that taking omeprazole for long 

periods of time can result in depletion of ions such as magnesium, calcium 

and iron by impairing its absorption because of changes in stomach pH 

[19,20]. 

Regarding iron it is known that it can either be absorbed forming a chelate 

with heme group or in its ionic form found in salts. Ionic iron absorption is 

affected by several factors such as the gastric pH, an acidic pH facilitates 

iron dissolution by forming soluble chelates, and by the reduction of Fe (III) 

to Fe (II). It has been reported that achlorhydria patients present a lower 

intestinal absorption of iron in its salts [21]. Therefore, omeprazole may have 

a negative influence on the absorption of this ion. Patients with iron-

deficiency should be supplemented with higher doses of iron salts while 

taking proton pump inhibitors [22]. 

The administration of ibuprofen and diclofenac should also be taken into 

consideration as non-steroidal anti-inflammatory drugs (NSAIDs), 

especially when used for long periods of time, may cause bleeding through 

gastrointestinal damage, lowering hemoglobin provoking iron deficiency as 

well [23]. 

There have also been reports of anemia related to omeprazole induced by 

deficiency of vitamin B12 [24,25], in this case the patient had been 

supplemented with this vitamin but still vitamin B12 level, 156.8 pg/mL, was 

below population range, 197-771 pg/mL, The depletion of this vitamin can 

be aggravated by the concomitant use of metformin which also diminishes 

vitamin B12 levels by interfering with its absorption [26,27]. 

However as stated before the mechanisms by which omeprazole exert this 

adverse effect are multiple and vitamin supplementation may not revert all. 

The patient’s low level of ferritin, 24 ng/mL, (population range 30-400 

ng/mL) evidenced low iron stores in the body, and this low iron stores 

maintained in time may result in anemia [28,29]. In the case of this patient 

the combination of omeprazole, ibuprofen and diclofenac may have 

contributed to the anemia which was not reverted by the solely use of vitamin 

B12 as other mechanism underlie the ion depletion.  

Like iron, magnesium salts depend on gastric pH to dissolve; hence increase 

of gastric pH caused by omeprazole may reduce its absorption [30]. 

Omeprazole has also been reported to increase the risk of fracture [31,32,33]. 

One possible mechanism that has been proposed was the interference with 

calcium absorption [33,34]. This assumption is based on the fact that the 

majority of dietary calcium is in the form of relatively insoluble salts, which 

means that gastric pH needs to be acid to facilitate a higher dissolution, and 

therefore a better absorption 21. Nevertheless, controversial results were 

found when studies with patients were performed. Some of them showed that 

omeprazole had no effect on calcium absorption while others yielded the 

opposite result [33,34]. For example, Graziani et al reported 35 that 

achlorhydria reduces the absorption of calcium, increasing the risk of 

osteoporosis. Additionally, it is important to consider that the stomach 

secretion of chlorhydric acid is reduced throughout the years, and it 

decreases considerably after the age of 60 [35]. Magnesium and calcium 

levels were not determined at the moment of the interview so data about these 

two ions is missing. 

Insomnia, asthenia and muscular pain, dizziness, nausea, diarrhea, 

abdominal cramps and deterioration of social ties were some of the 

symptoms associated with anemia that were reported by the patient to 

different doctors. However, these symptoms were not correlated with the 

disease until her first appointment with the geriatrician. Due to this fact, most 

of the drugs that the patient had been taking aimed to treat or alleviate some 

of the symptoms mentioned above [36,37,38,39]. 

In order to treat insomnia zolpidem and alprazolam were prescribed, drugs 

that according to the STOPP/START criteria may increase the risk of falls 

in elderly patients, taking into consideration that the patient referred fear of 

falling due to previous episodes the maintenance of these medication should 

be a compromise between risks and benefits. 

Furthermore, M.C.C was receiving metformin and gliclazide to treat her 

diabetes mellitus, as well as ibuprofen and diclofenac to treat asthenia. The 

concomitant use of these drugs may present pharmacokinetic and 

pharmacodynamic interactions leading to hypoglycemia and increasing the 

risk of falls [40, 41]. 

As a way to treat the asthenia and the muscular pain apart from the two 

different NSAIDs, gabapentin and tizanidine were also included in the 

patient’s therapy. Tizanidine may increase the risk of falls, meanwhile 

gabapentin presents as a potential side effect urinary incontinence, a problem 

reported by the patient [42,43]. Oxybutynin, an anticholinergic medication, 

was prescribed in order to relieve her inability to control urination provoking 

an even more significant increase in the risk of fall. 
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In order to reverse dizziness, drowsiness and vertigo provoked by 

gabapentin, and the anemia itself, betahistine was included in the therapy. 

As mentioned, the patient presented nausea and gastrointestinal disorders, 

for which she received domperidone and pinaverium respectively. 

Nevertheless, once anemia was diagnosed, those symptoms were attributed 

to the disease rather to a new pathology.   

In the patient’s case, the deterioration of the social ties as a consequence of 

anemia was manifested as general apathy, reluctancy to be engaged in social 

activities which over time led to depression, a problem that was accentuated 

by external factors. Hence, escitalopram was included in her therapy. This 

drug may increase the risk of bleeding, particularly in the gastrointestinal 

tract, such as other serotonin reuptake inhibitors (SSRIs). This adverse effect 

is explained by the fact that platelets use serotonin as an aggregation factor. 

Therefore, by inhibiting its reuptake, escitalopram reduces their aggregation 

capacity, increasing the risk of bleeding [44]. This risk acquires more 

significance with concomitant use of NSAIDs 44. In this case the patient 

developed a gastrointestinal bleeding, worsening her anemia status. 

Apart from that, NSAID-Induced gastropathy results in the need of 

maintaining omeprazole in the therapy [45], transforming the prescribing 

cascade into a prescribing web. 

Pharmacotherapy analysis was then discussed with the geriatrician who 

commented and added its impression to the evaluation performed by the 

students, from the results presented results evident that students were able to 

perform a thorough analysis of the patient’s pharmacotherapy, familiarizing 

with some validated tools that enable primary analysis of polypharmacy that 

should then be complemented with more data from the clinical history of the 

patient.  

Conclusions: 

Managing polypharmacy in the elderly is a complex process. The application 

of STOPP/START criteria allowed students to identify potentially 

inappropriate prescriptions, which in addition to the drug's pharmacological 

knowledge, led to hypothesize that some of the patient’s health problems 

which were pharmacologically treated, were actually due to adverse 

reactions to other drugs. 

This is a challenging case that was studied from a multidisciplinary 

perspective, this approach redounds in an improvement geriatric patient care, 

preventing unnecessary medications as well as differentiating adverse drug 

reactions from the symptoms of a developing illness. 
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adversos a largo plazo de los inhibidores de la bomba de protones. 

Perspectiva desde la medicina basada en la evidencia. Rev Col 

Gastroenterol 2017;31(4):403-408. 

21. Golubov J, Flanagan P, Adams P. Inhibition of iron absorption by 

omeprazole in rat model. Dig Dis Sci 1991;36(4):405-408. 

22. Ajmera AV, Shastri GS, Gajera MJ, Judge TA. Suboptimal 

response to ferrous sulfate in iron-deficient patients taking 

omeprazole. Am J Ther 2012;19(3):185-189. 

23. Maldonado C, De Mello N, Fagiolino P, Vázquez M. Safe use of 

a daily 20-mg dose of Omeprazole in order to avoid 

hypomagnesemia. Int J Pharm 2015; 5:315-321. 

https://link.springer.com/content/pdf/10.1007/s13539-014-0132-3.pdf
https://link.springer.com/content/pdf/10.1007/s13539-014-0132-3.pdf
https://link.springer.com/content/pdf/10.1007/s13539-014-0132-3.pdf
https://pubmed.ncbi.nlm.nih.gov/27161851/
https://pubmed.ncbi.nlm.nih.gov/27161851/
https://journals.lww.com/co-clinicalnutrition/Fulltext/2013/01000/Pathophysiology_of_the_anorexia_of_aging.6.aspx
https://journals.lww.com/co-clinicalnutrition/Fulltext/2013/01000/Pathophysiology_of_the_anorexia_of_aging.6.aspx
https://www.sciencedirect.com/science/article/pii/S1525861015004387
https://www.sciencedirect.com/science/article/pii/S1525861015004387
https://www.sciencedirect.com/science/article/pii/S1525861015004387
https://www.infona.pl/resource/bwmeta1.element.elsevier-d3efb82c-93b6-3641-8c7a-307b9cc703cf
https://www.infona.pl/resource/bwmeta1.element.elsevier-d3efb82c-93b6-3641-8c7a-307b9cc703cf
https://link.springer.com/article/10.1007/s00068-016-0684-3
https://link.springer.com/article/10.1007/s00068-016-0684-3
https://www.jamda.com/article/S1525-8610(16)30179-7/abstract
https://www.jamda.com/article/S1525-8610(16)30179-7/abstract
https://www.jamda.com/article/S1525-8610(15)00530-7/abstract
https://www.jamda.com/article/S1525-8610(15)00530-7/abstract
https://www.bmj.com/content/315/7115/1096.short
https://www.bmj.com/content/315/7115/1096.short
https://www.nps.org.au/australian-prescriber/articles/the-prescribing-cascade
https://www.nps.org.au/australian-prescriber/articles/the-prescribing-cascade
https://link.springer.com/article/10.1007/s00228-013-1495-7
https://link.springer.com/article/10.1007/s00228-013-1495-7
https://link.springer.com/article/10.1007/s00228-013-1495-7
https://link.springer.com/article/10.1007/s00228-013-1495-7
https://link.springer.com/article/10.1007/s00228-013-1495-7
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2004.52467.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2004.52467.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2004.52467.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2006.00889.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2006.00889.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2006.00889.x
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2011.44
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2011.44
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2011.44
https://ascpt.onlinelibrary.wiley.com/doi/abs/10.1038/clpt.2011.44
https://academic.oup.com/ageing/article-abstract/44/2/213/2812233
https://academic.oup.com/ageing/article-abstract/44/2/213/2812233
https://academic.oup.com/ageing/article-abstract/44/2/213/2812233
https://academic.oup.com/ageing/article-abstract/44/2/213/2812233
https://www.revistanefrologia.com/en-trastornos-electroliticos-graves-asociados-tratamiento-articulo-X1888970016558019
https://www.revistanefrologia.com/en-trastornos-electroliticos-graves-asociados-tratamiento-articulo-X1888970016558019
https://www.revistanefrologia.com/en-trastornos-electroliticos-graves-asociados-tratamiento-articulo-X1888970016558019
https://www.revistanefrologia.com/en-trastornos-electroliticos-graves-asociados-tratamiento-articulo-X1888970016558019
https://www.redalyc.org/pdf/3377/337749741010.pdf
https://www.redalyc.org/pdf/3377/337749741010.pdf
https://www.redalyc.org/pdf/3377/337749741010.pdf
https://www.redalyc.org/pdf/3377/337749741010.pdf
https://link.springer.com/content/pdf/10.1007/BF01298866.pdf
https://link.springer.com/content/pdf/10.1007/BF01298866.pdf
https://journals.lww.com/americantherapeutics/Fulltext/2012/05000/Suboptimal_Response_to_Ferrous_Sulfate_in.6.aspx
https://journals.lww.com/americantherapeutics/Fulltext/2012/05000/Suboptimal_Response_to_Ferrous_Sulfate_in.6.aspx
https://journals.lww.com/americantherapeutics/Fulltext/2012/05000/Suboptimal_Response_to_Ferrous_Sulfate_in.6.aspx


J. Clinical Anatomy                                                                                                                                                                                                                                    Page 5 of 6  

 
24. Vestergaard P, Rejnmark L, Mosekilde L. Proton pump 

inhibitors, histamine H 2 receptor antagonists, and other antacid 

medications and the risk of fracture. Calcif Tissue Int 

2006;79(2):76-83. 

25. Roux C, Briot K, Gossec L, Kolta S, Blenk T, Felsenberg D, Reid 

M, Eastell R, Glüer C. Increase in vertebral fracture risk in 

postmenopausal women using omeprazole. Calcif Tissue Int 

2009;84(1):13-19. 

26. Fraser LA, Leslie WD, Targownik LE, Papaioannou A, Adachi 

JD, & CaMos Research Group. The effect of proton pump 

inhibitors on fracture risk: report from the Canadian Multicenter 

Osteoporosis Study. Osteoporosis Int 2013;24(4):1161-1168. 

27. Hansen KE, Jones AN, Lindstrom MJ, Davis LA, Ziegler TE, 

Penniston KL, Shafer, MM. Do proton pump inhibitors decrease 

calcium absorption? J Bone Miner Res 2010;25(12):2786-2795. 

28. Graziani G, Como G, Badalamenti S, Finazzi S, Malesci A, 

Gallieni M, Ponticelli C. Effect of gastric acid secretion on 

intestinal phosphate and calcium absorption in normal subjects. 

Nephrol Dial Transplant 1995;10(8):1376-1380. 

29. Paz RD, Hernández F. Manejo, prevención y control de la anemia 

megaloblástica secundaria a déficit de ácido fólico. Nutr Hosp 

2006;21(1):113-119. 

30. Cardero Y, Sarmiento R, Selva A. Importancia del consumo de 

hierro y vitamina C para la prevención de anemia ferropénica. 

Medisan 2009;13(6) 

31. Ludwig H, Strasser K. Symptomatology of anemia. Semin Oncol 

2001; 28:7-14 

32. Kryger MH, Otake K, Foerster J. Low body stores of iron and 

restless legs syndrome: a correctable cause of insomnia in 

adolescents and teenagers. Sleep Med 2002;3(2):127-132. 

33. Penninx BW, Pluijm SM, Lips P, Woodman R, Miedema K, 

Guralnik JM, Deeg DJ. Late‐life anemia is associated with 

increased risk of recurrent falls. J Am Geriatr Soc 2005;53(12): 

2106-2111. 

34. Baviera LB. Anemia ferropénica. Pediatría Integral 2016; 5:297-

307. 

35. Lam JR, Schneider JL, Zhao W, et al. Proton pump inhibitor and 

histamine 2 receptor antagonist use and vitamin B12 deficiency. 

JAMA 2013; 310: 2435-2442. 

36. Heidelbaugh JJ. Proton pump inhibitors and risk of vitamin and 

mineral deficiency: evidence and clinical implications. Ther Adv 

Drug Saf 2013; 4(3):125-133.  

37. de Jager J, Kooy A, Lehert P, Wulffelé MG, van der Kolk J, Bets 

D, Verburg J, Donker AJM, Stehouwer CDA. Long term treatment 

with metformin in patients with type 2 diabetes and risk of vitamin 

B-12 deficiency: randomised placebo-controlled trial. BMJ 2010; 

340: c2181. doi: 10.1136/bmj.c2181. 

38. Kos E, Liszek MJ, Emanuele MA, Durazo-Arvizu R, Camacho P. 

Effect of metformin therapy on vitamin D and vitamin B₁₂ levels 

in patients with type 2 diabetes mellitus. Endocr Pract 

2012;18(2):179-184. 

39. Bjarnason I, Scarpignato C, Holmgren E, et al. Mechanisms of 

Damage to the Gastrointestinal Tract from Nonsteroidal Anti-

Inflammatory Drugs Gastroenterology 2018;154:500–514. 

40. Malabu UH, Vangaveti VN, Kennedy RL. Disease burden 

evaluation of fall-related events in the elderly due to hypoglycemia 

and other diabetic complications: a clinical review. Clin Epidemiol 

2014; 6:287-294. 

41. Li J, Zhang N, Ye B, Ju W, Orser B, Fox J, Lu W. Non‐steroidal 

anti‐inflammatory drugs increase insulin release from beta cells by 

inhibiting ATP‐sensitive potassium channels. Br J Pharmacol 

2007;151(4):483-493. 

42. Eyssette M, Rohmer F, Serratrice G, Warter JM, Boisson D. 

Multi-centre, double-blind trial of a novel antispastic agent, 

tizanidine, in spasticity associated with multiple sclerosis. Curr 

Med Res Opin 1988;10(10):699-708. 

43. Kibar S, Demir S, Sezer N, Köseoğlu BF, Dalyan, M, Kesikburun 

B. Gabapentin-induced urinary incontinence: a rare side effect in 

patients with neuropathic pain. Case Rep Neurol Med 2015; 2015. 

44. Spina E, Trifiro G, Caraci F. Clinically significant drug 

interactions with newer antidepressants. CNS drugs 

2012;26(1):39-67. 

45. Quinn CM, Bjarnason I, Price AB. Gastritis in patients on non‐

steroidal anti‐inflammatory drugs. Histopathology 

1993;23(4):341-348. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://link.springer.com/article/10.1007/s00223-006-0021-7
https://link.springer.com/article/10.1007/s00223-006-0021-7
https://link.springer.com/article/10.1007/s00223-006-0021-7
https://link.springer.com/article/10.1007/s00223-006-0021-7
https://link.springer.com/article/10.1007/s00223-008-9188-4
https://link.springer.com/article/10.1007/s00223-008-9188-4
https://link.springer.com/article/10.1007/s00223-008-9188-4
https://link.springer.com/article/10.1007/s00223-008-9188-4
https://link.springer.com/article/10.1007/s00198-012-2112-9
https://link.springer.com/article/10.1007/s00198-012-2112-9
https://link.springer.com/article/10.1007/s00198-012-2112-9
https://link.springer.com/article/10.1007/s00198-012-2112-9
https://asbmr.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.166
https://asbmr.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.166
https://asbmr.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.166
https://academic.oup.com/ndt/article-abstract/10/8/1376/1825314
https://academic.oup.com/ndt/article-abstract/10/8/1376/1825314
https://academic.oup.com/ndt/article-abstract/10/8/1376/1825314
https://academic.oup.com/ndt/article-abstract/10/8/1376/1825314
https://scielo.isciii.es/scielo.php?pid=S0212-16112006000100019&script=sci_arttext&tlng=pt
https://scielo.isciii.es/scielo.php?pid=S0212-16112006000100019&script=sci_arttext&tlng=pt
https://scielo.isciii.es/scielo.php?pid=S0212-16112006000100019&script=sci_arttext&tlng=pt
http://scielo.sld.cu/scielo.php?pid=S1029-30192009000600014&script=sci_arttext&tlng=pt
http://scielo.sld.cu/scielo.php?pid=S1029-30192009000600014&script=sci_arttext&tlng=pt
http://scielo.sld.cu/scielo.php?pid=S1029-30192009000600014&script=sci_arttext&tlng=pt
https://www.sciencedirect.com/science/article/pii/S1389945701001605
https://www.sciencedirect.com/science/article/pii/S1389945701001605
https://www.sciencedirect.com/science/article/pii/S1389945701001605
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2005.00491.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2005.00491.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2005.00491.x
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.2005.00491.x
https://jamanetwork.com/journals/jama/article-abstract/1788456
https://jamanetwork.com/journals/jama/article-abstract/1788456
https://jamanetwork.com/journals/jama/article-abstract/1788456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heidelbaugh%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=25083257
https://www.ncbi.nlm.nih.gov/pubmed/25083257
https://www.ncbi.nlm.nih.gov/pubmed/25083257
https://www.bmj.com/content/340/bmj.c2181.full
https://www.bmj.com/content/340/bmj.c2181.full
https://www.bmj.com/content/340/bmj.c2181.full
https://www.bmj.com/content/340/bmj.c2181.full
https://www.bmj.com/content/340/bmj.c2181.full
https://www.sciencedirect.com/science/article/pii/S1530891X20414867
https://www.sciencedirect.com/science/article/pii/S1530891X20414867
https://www.sciencedirect.com/science/article/pii/S1530891X20414867
https://www.sciencedirect.com/science/article/pii/S1530891X20414867
https://www.sciencedirect.com/science/article/pii/S0016508517366660
https://www.sciencedirect.com/science/article/pii/S0016508517366660
https://www.sciencedirect.com/science/article/pii/S0016508517366660
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4140240/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4140240/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4140240/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc4140240/
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1038/sj.bjp.0707259
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1038/sj.bjp.0707259
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1038/sj.bjp.0707259
https://bpspubs.onlinelibrary.wiley.com/doi/abs/10.1038/sj.bjp.0707259
https://www.tandfonline.com/doi/abs/10.1185/03007998809111121
https://www.tandfonline.com/doi/abs/10.1185/03007998809111121
https://www.tandfonline.com/doi/abs/10.1185/03007998809111121
https://www.tandfonline.com/doi/abs/10.1185/03007998809111121
doi:%2010.1155/2015/341573
doi:%2010.1155/2015/341573
doi:%2010.1155/2015/341573
https://link.springer.com/article/10.2165/11594710-000000000-00000
https://link.springer.com/article/10.2165/11594710-000000000-00000
https://link.springer.com/article/10.2165/11594710-000000000-00000
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2559.1993.tb01217.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2559.1993.tb01217.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2559.1993.tb01217.x


J. Clinical Anatomy                                                                                                                                                                                                                                    Page 6 of 6  

 
 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

 

 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more http://clinicsearchonline.org/journals/journal-of-clinical-anatomy 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

