Review Article

ISSN 2639-9490

Oral Health & Dental Science

Clinical Considerations for the Implant-Seeking Post-Bariatric Surgery
Patient: A Mini-Review

Jiean Joseph Heifetz-Li DMD, MPH', Vivian A. Roknian DMD?, Samer Abdelsamie DMD, FACS' and
Joseph P. Mulligan DMD, FACS, FICD?

Temple University Hospitals - Oral and Maxillofacial Surgery,
Philadelphia, PA, USA.

’Private Practice,; Philadelphia, PA, USA.

$Temple University Hospitals - Chairman of the Department of Oral
and Maxillofacial Surgery; Philadelphia, PA, USA.

*Correspondence:

Jiean Joseph Heifetz-Li, DMD, MPH, Temple University
Hospitals - Oral and Maxillofacial Surgery, 2301 E. Allegheny
Avenue #206, Philadelphia, PA 19134, Tel: (267) 780-3022.

Received: 04 March 2021; Accepted: 28 March 2021

Citation: Heifetz-Li JJ, Roknian VA, Abdelsamie S, et al. Clinical Considerations for the Implant-Seeking Post-Bariatric Surgery Patient:

A Mini-Review. Oral Health Dental Sci. 2021; 5(2); 1-6.

ABSTRACT

Bariatric surgery is a treatment option for patients in whom lifestyle changes and pharmacotherapy does not
result in desired weight loss. The physiology of these surgeries may result in nutritional derangements, which
may influence wound healing. As more Americans undergo weight-loss surgeries, they have the potential to make
up a consequential proportion of patients who seek dental implant therapy. This mini-review aims to review the
pathophysiology of commonly performed bariatric surgery and discuss the nutritional consequences as they relate
to implant surgery, as well as provide recommendations for the management of post-bariatric surgery patients in

the outpatient dental setting.
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Introduction

Obesity is a worldwide epidemic, affecting nearly 650 million
adults worldwide or approximately 13% of the world’s adult
population [1]. In the United States, approximately 39.8% of the
adult population is obese, resulting in an estimated annual cost of
$147 billion in medical expenditures [2]. Being obese is associated
with a number of comorbidities, such as Type II diabetes mellitus,
hypertension, dyslipidemia, cardiovascular disease, sleep apnea,
and stroke [3]. The oral cavity is not immune to the adverse effects
of obesity. There is evidence suggesting dental caries, periodontal
disease, and tooth loss are also associated with obesity. Obese
individuals have 1.49 times higher odds to be missing at least
one tooth when compared to non-obese patients [4-6]. Given the
increased likelihood of missing teeth, obese individuals make up
a significant proportion of patients seeking end osseous dental
implants for oral rehabilitation.

For patients for whom comprehensive lifestyle interventions and
pharmacotherapy do not result in desired weight loss, bariatric
surgery may be an option [7]. Commonly, bariatric surgery patients
are adults with body mass indices (BMI) greater than 40 or those
with BMIs greater than 35 with an obesity-related comorbidity.
Bariatric surgery is an encompassing term that includes surgeries
such as Roux-en-Y gastric bypass (RYGB), laparoscopic sleeve
gastrectomy (SG), adjustable gastric banding (LAGB), and
biliopancreatic diversion with duodenal switch (PBD-DS) [8]. The
number of these procedures being performed annually has been
increasing since 201 1. Approximately 228,000 of these procedures
were performed in 2017, with sleeve gastrectomy being the most
common (59.39%) followed by Roux-en-Y (17.80%) and revision
surgeries (14.14%) [8]. In addition to treating obesity, there is
increasing support to use bariatric surgery as a surgical means to
treat metabolic conditions such as diabetes; thus increasing the
number of people who may qualify for such surgeries [9].

While bariatric surgeries are effective in achieving weight loss, as
well as improvement in obesity-related comorbidities, after surgery,
patients are known to experience macronutrient and micronutrient
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deficiencies that arise from reduced dietary intake, malabsorption,
or inadequate supplementation. Nutritional deficiencies can
manifest as a wide range of symptoms, depending on what specific
nutrient is deficient, the severity of the deficiency, and the duration
of the deficient state [10]. The link between nutritional status and
longevity of the dental implant has been previously reviewed
[11,12]. Adequate nutrition is important for oral wound healing,
whereas lack of essential nutrients depresses the body’s potential
for repair. Additionally, alterations in absorption of key minerals
and the subsequent hormonal alterations have the potential to
affect predictable placement of dental implants.

As the number of bariatric surgeries being performed increases,
given the known nutritional deficits bariatric surgeries can cause,
implantologists should proceed with caution when treatment
planning and managing this subset of patients. The aim of this review
is to provide a primer on the physiology of the more common bariatric
surgery, discuss the effects of malnutrition on the placement of dental
implants, and provide recommendations for management of post-
bariatric patients who wish to receive dental implants.

Bariatric Surgery in Brief

Bariatric surgeries affect weight loss by malabsorption, restriction,
or both. In addition to the anatomic alteration, there are hormonal
effects on energy consumption and hunger [13-16]. Restrictive
procedures decrease the stomach’s capacity (either by dividing or
removing a portion of the stomach) but leaves the small intestine
functionally intact. Malabsorptive procedures decrease nutrition
absorption by shortening the functional length of the small intestine
(either by bypass or by diversion). Some procedures employ both
mechanisms [17]. Figure 1 summarizes the more commonly
performed surgeries.

Biliopancreatic
Diversion

Malabsorption

Biliopancreatic
Diversion with
Duodenal Switch

Laparoscopic
adjustable gastric
banding

Bariatric Surgery

Sleeve Gastrectomy

Roux-en-Y Gastric

Bypass

Macronutrient Deficiencies

Protein

Protein malnutrition is the most severe malabsorptive complication
following bariatric surgery, affecting between 7-21%, depending on
the procedure [10]. After certain bariatric procedures, particularly
RYGB and SG, the most significant nutritional changes come
from the reduction of the gastric capacity and rearrangement of
the small intestines, resulting in decreased intake and absorption of
nutrients [18]. Additionally, post-operative patients develop aversions
to protein-rich foods like meat, milk, and eggs [19]. Clinically, protein
malnutrition may manifest as edema, hair loss, decreased strength,
fatigue, and muscle loss as well as altered healing and immunity [10].

Protein deficiency and osseointegration has been examined
most extensively through rat-models. Rat-models from 1950s
demonstrate protein deprivation’s deleterious effects on the
periodontal ligaments, gingival tissues, and alveolar bone
[20,21]. More recent models demonstrate poor osseointegration
in isocaloric-protein deficient rats, with those rats demonstrating
lower pull-out strength and poor bone microarchitecture when fed a
lower protein diet compared to the control group [22]. Conversely,
the supplementation of casein and whey protein was demonstrated
to be inversely associated with periodontitis [23].

The recommended intake to avoid protein malnutrition is
approximately 1.1g/kg of ideal body weight, with certain bariatric
procedures requiring additional supplementation [24]. Protein
malabsorption has been monitored by trending the patient’s
serum albumin; however, current literature dissuades the use of
this biomarker for evaluation the body’s protein status [25-28].
Alternatively, measurement of lean body mass through dual X-ray
absorptiometry or body bio impedance can evaluate protein-status
but their use in post-bariatric patients has not been well validated [10].

Biliopancreatic Diversion and Biliopancreatic

Diversion with Duodenal Switch (PBD-DS)

* Surgical reduction of the stomach and bypassing
a portion of the duodenum

Laparoscopic Adjustable Gastric Banding (LAGB)
* Aremovable inflatable band is placed around a
portion of the stomach to restrict caloric intake

Sleeve Gastrectomy (SG)

* Surgical reduction of the size of the stomach,
resulting in decreased stomach volume and
faster feeling of satiety

Roux-en-Y Gastric Bypass (RYGB)

* Surgical creation of a small gastric pouch that is
connected to the jejunum, bypassing a large
segment of the small intestines (duodenum)

Figure 1: Summary of the most commonly performed bariatric surgeries and mechanism of the theoretical nutritional derangement.
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Carbohydrates

Carbohydrates are not considered an essential macronutrient, but
are important for providing a significant portion of energy required
by cells in the fed state and the exclusive source of energy for
red blood cells and brain. Post-bariatric patients are encouraged
to forgo simple carbohydrates in favor of fiber-rich foods to both
avoid dumping syndrome and to promote adequate weight loss
and enhance healthy eating [29]. With regards to implant ology,
considerations of the patient’s comorbidities are important while
treatment planning. Many patients who undergo bariatric surgery
have metabolic diseases such as diabetes, which is well-known
to complicate bone metabolism, periodontal health, and dental
implants [9,30-34].

Micronutrient Deficiencies

Fat-Soluble Vitamin: Vitamin D

Vitamin D is absorbed in the jejunum and ileum and plays a role
in the absorption of calcium, magnesium, and phosphate; it plays
a central role in bone homeostasis [35]. It is recommended that
the average adult intake 600 IU/day. Vitamin D deficiency is
associated with increased risk of osteoporosis, diabetes, cancer,
ischemic heart disease, autoimmune, and infectious diseases [36].
The degree of deficiency is contingent on the surgery performed;
LAGB and SG are associated with stable post-operative vitamin
D levels, whereas RYGB and PBD-DS resulted in as high as 50%
of patients experiencing vitamin D deficiency [37]. Few studies
have looked at the effects of vitamin D and dental implants [38].
One group published a case series in which 2 patients experienced
implant loss within 15 days of placement; both patients were noted
to have severe pain and osteocytes bone upon explantation (each
patient lost 2 implants). Serum analysis demonstrated vitamin D
deficiency (<20 pg/L), resulting in the investigators supplementing
the patients with vitamin D; however, the supplementation protocol
was not published. Following supplementation, successful implant
placement was achieved (Patient A received 1 implant; Patient B
received 2 implants) [39]. Notably, however, larger studies have
not been able to replicate this finding. In a retrospective study,
Mangrano et al examined 1,740 implants placed in 885 patients,
with respect to vitamin D levels. In this study, 35/885 patients
(3.9%) experienced failed implants, defined as either lack of
osseointegration and resultant implant mobility or peri-implantitis.
The patients’ vitamin D deficiencies were stratified into severe
(vitamin D levels <10 ng/mL), low (vitamin D levels between 10-
30 ng/mL), and normal (vitamin D levels >30 ng/mL). While a
there was an inverse relationship noted, there was no statistical
relationship to conclude that low serum levels of vitamin D
increases the risk of dental implant failure [40,41].

Fat-Soluble Vitamin: Vitamin K

Vitamin K is absorbed in the jejunum and ileum and is a coenzyme
for vitamin K-dependent carboxylase, an enzyme required for
the synthesis of proteins central to hemostasis [42]. Vitamin K
deficiency is reported in about 50-60% of patients who underwent
PBD-DS and 50% of patients who underwent RYGB, but clinical
symptoms such as bruising, bleeding, or clotting alterations were

not reported [10,43,44]. Vitamin K also plays a role in bone
metabolism as it promotes bone formation by stimulating osteoblast
differentiation and decreases osteoclast differentiation [45]. There
is increasing interest in investigating the osteoprotective effects
of vitamin K to improve osteogenesis in bone graft surgeries;
however, no human studies have been completed to date [46].

Water-Soluble Vitamins: Vitamin B Complex

The vitamin B complex are a group of vitamins that play an
important role in cell metabolism. Vitamin B12 (cobalamin)
functions as a coenzyme for several biochemical processes
important for red blood cell formation, neurologic function, and
DNA synthesis [47]. Vitamin B12 deficiency is a major cause of
anemia in patients who undergo PBD-DS and RYGB, affecting
nearly 19-35% of patients and may manifest as numbness and
tingling, disrupted coordination, and paralysis in the most severe
cases [10,29,48]. Vitamin B9 (folate) is critical for forming
DNA and RNA and is involved in protein metabolism; it is also
important for red blood cell formation [49]. Vitamin B9 deficiency
can cause macrocytic anemia, thrombocytopenia, leukopenia, and
glossitis [10,43].

Water-Soluble Vitamin: Vitamin C

Vitamin C (ascorbic acid) is absorbed along the entire tract of the
small intestine and is an important cofactor for many enzymatic
reactions, including those involved in wound healing and collagen
synthesis [50]. It is recommended that the average adult intake 75-
90 mg of ascorbic acid daily [51]. Vitamin C deficiency has been
associated with periodontal disease, though the exact mechanism
is unknown [52,53]. Following RYGB, vitamin C deficiency is
reported to affect 34.5% of patients [54]. One study examines the
role of vitamin C in wound healing following implant surgery, and
found that vitamin C supplementation (300 mg/day for 7 days)
significantly improved postoperative healing following implant
placement in patients with chronic periodontitis and those treated
with guided bone regeneration or Bio-Oss collagen grafts. The
study does not report serum levels of vitamin C, making it difficult
to draw definitive conclusions; however, its conclusions that
vitamin C is important with wound healing in the post-surgical
phase are consistent with theoretical and rat models [55].

Minerals

Calcium

Calcium is absorbed in the duodenum and proximal jejunum
and critical to bone homeostasis [56]. Patients who undergo
RYGB, SG, and BPD-DS are at an increased risk of developing
hypocalcemia, due to either bypass (as is the case with RYGB
or BPD-DS) or suboptimal absorption environment (as is the
case with RYGB, PBD-DS, and SG) [57]. Additionally, calcium
absorption is dependent on vitamin D, thus decreased vitamin D
absorption results in decreased calcium absorption [35]. Calcium
deficiency is associated with secondary hypoparathyroidism.

Calcium deficiency has been previously studied in animal models
[58,59]. While osseointegration is possible in calcium deficient
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Figure 2: Recommended roles and surgical work up of the multi-disciplinary dental implant team when treating post-bariatric surgery patients.

states for rats and rabbits, time to new bone formation was noted
to be delayed. Post-implant surgery calcium supplementation was
noted to increase bone formation, but bone formation was noted,
albeit to a lesser degree, in the persistent calcium state, suggesting
that calcium deficiency may not be as strong of a factor to predict
implant success [59].

Hormonal Derangement

Secondary Hyperparathyroidism

There are several reports of depleted vitamin D and calcium
resulting in hyperparathyroidism in post-bariatric surgery
patients [60°62]. The secondary hyperparathyroidism results
from decreased calcium absorption as a result of bypassing the
duodenum and a portion of the jejunum, as is the case in RYGB
and PBD-DS [63,64]. Low serum calcium results in increased
parathyroid hormone (PTH) secretion, which in turn results in
increased conversion of vitamin D 25-OH to activated calcitriol
resulting in increased calcium absorption in the GI tract as well as
increased osteoclast activity resulting in cortical bone breakdown [63].

There is one case report of the placement of dental implants in
a patient with secondary hyperparathyroidism; however, the
etiology of this endocrine derangement is renal failure rather than
post-bariatric surgery [65]. In this case, the patient underwent
full mouth extraction secondary to extensive dental caries and
immediate placement of dental implants with calcium sulfate bone
grafting. Over 2 appointments, a total of 10 implants were placed
in the maxilla and 8 were placed in the mandible. After 7 months
of healing, the implants were re-evaluated; one implant was found
to demonstrate dehiscence and was subsequently removed. The
patient was rehabilitated with bimaxillary complete fixed dentures.

Potentially critical to the success of this case was that the patient
was edentulated due to dental caries and not periodontal bone
loss, thus having adequate osseous support for the implants. The

preservation of the cortical bone, in the absence of periodontal bone
loss, may have largely contributed to implant stability. Secondary
hyperparathyroidism results in under-calcified trabecular bone,
which may lead to an increased rate of failed osseo integration
[66]. If cortical bone was lost due to osteodystrophy resulting
from secondary hyperparathyroidism and trabecular bone is being
preferentially formed, then implant survival may be compromised,
however, this would be most evident as a late failure in the
prosthetic phase. In the presented case, the patient was undergoing
active cincacalcet pharmacotherapy to decrease his circulating PTH
levels and ultimately underwent a kidney transplantation, which
may have potentially reversed his secondary hyperparathyroidism
and resolved any osseous dystrophy.

Recommendations

Currently, there are no accepted treatment protocols for providing
dental implants in patient’s post-bariatric surgery. Given the
nutritional derangement and the physiologic impacts of bariatric
surgery, we propose a multi-disciplinary approach when
considering placement of dental implants in this patient population.
A thorough knowledge of medical co-morbidities permits the
surgeon to appropriately consider risk stratification (for tolerance
to procedure and anesthetic), provide patient counseling of pre-/
peri-/post-operative course, and consult the appropriate specialists
for holistic patient care and medicolegal documentation. Figure 2
defines potential roles of the surgical team and a proposed timeline
for evaluation of laboratory data [67].

Conclusion

Bariatric surgery results in anatomic and hormonal changes that
may affect the placement and survival of dental implants. As the
number of people who undergo these procedures increase annually,
and as their dental needs evolve to need tooth replacement via
dental implant, it is prudent for the implantologist to consider
the nutritional deficiencies and metabolic alterations that occur
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following bariatric surgery. A multidisciplinary

approach,

involving communication with the patient’s bariatric surgeon,
primary care provider, and dietician is advised to ensure not only
implant survival but also maintenance of the patient’s quality of life.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

https://www.who.int/news-room/fact-sheets/detail/obesity-
and-overweight

https://www.cdc.gov/obesity/data/adult.html

Khaodhiar L, McCowen KC, Blackburn GL. Obesity and its
comorbid conditions. Clin Cornerstone. 1999; 2: 17-31.

Hayden C, Bowler JO, Chambers S, et al. Obesity and dental
caries in children: a systematic review and meta-analysis.
Community Dent Oral Epidemiol. 2013; 41: 289-308.

Arboleda S, Vargas M, Losada S, et al. Review of obesity and
periodontitis: an epidemiological view. Br Dent J. 2019; 227:
235-239.

Nascimento GG, Leite FRM, Concei¢ao DA, et al. Is there a
relationship between obesity and tooth loss and edentulism?
A systematic review and meta-analysis. Obes Rev. 2016; 17:
587-598.

Ryan DH. Guidelines for Obesity Management. Endocrinol
Metab Clin North Am. 2016; 45: 501-510.

https://asmbs.org/resources/estimate-of-bariatric-surgery-
numbers

Rubino F, Nathan DM, Eckel RH, et al. Metabolic Surgery
in the Treatment Algorithm for Type 2 Diabetes: A Joint
Statement by International Diabetes Organizations. Diabetes
Care. 2016; 39: 861-877.

Lupoli R, Lembo E, Saldalamacchia G, et al. Bariatric surgery
and long-term nutritional issues. World J Diabetes. 2017; 8:
464-474.

Lau BY, Johnston BD, Fritz PC, et al. Dietary Strategies
to Optimize Wound Healing after Periodontal and Dental
Implant Surgery: An Evidence-Based Review. Open Dent J.
2013; 7: 36-46.

Winkler S. Extraordinary Implant Failure. J Oral Implantol.
2010; 36: 391-400.

Tritos NA, Mun E, Bertkau A, et al. Serum ghrelin levels in
response to glucose load in obese subjects post-gastric bypass
surgery. Obes Res. 2003; 11: 919-924.

Cummings DE, Weigle DS, Frayo RS, et al. Plasma ghrelin
levels after diet-induced weight loss or gastric bypass surgery.
N Engl J Med. 2002; 346: 1623-1630.

Korner J, Bessler M, Cirilo LJ, et al. Effects of Roux-
en-Y gastric bypass surgery on fasting and postprandial
concentrations of plasma ghrelin, peptide YY, and insulin. J
Clin Endocrinol Metab. 2005; 90: 359-365.

Roth CL, Reinehr T, Schernthaner G-H, et al. Ghrelin and
obestatin levels in severely obese women before and after
weight loss after Roux-en-Y gastric bypass surgery. Obes
Surg. 2009; 19: 29-35.

https://asmbs.org/patients/bariatric-surgery-procedures

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Padwal R, Brocks D, Sharma AM. A systematic review of
drug absorption following bariatric surgery and its theoretical
implications. Obes Rev. 2010; 11: 41-50.

Zerrweck C, Zurita L, Alvarez G, et al. Taste and Olfactory

Changes Following Laparoscopic Gastric Bypass and Sleeve
Gastrectomy. Obes Surg. 2016; 26: 1296-1302.

Stahl SS, Sandler HC, Cahn L. The effects of protein
deprivation upon the oral tissues of the rat and particularly
upon periodontal structures under irritation. Oral Surg Oral
Med Oral Pathol. 1955; 8: 760-768.

Chawla TN, Glickman I. Protein deprivation and the
periodontal structures of the albino rat. Oral Surg Oral Med
Oral Pathol. 1951; 4: 578-602.

Dayer R, Rizzoli R, Kaelin A, et al. Low Protein Intake Is
Associated with Impaired Titanium Implant Osseointegration.
J Bone Miner Res. 2005; 21: 258-264.

Adegboye AR, Boucher BJ, Kongstad J, et al. Calcium,
vitamin D, casein and whey protein intakes and periodontitis
among Danish adults. Public Health Nutr. 2016; 19: 503-510.

Mechanick JI, Youdim A, Jones DB, et al. Clinical practice
guidelines for the perioperative nutritional, metabolic, and
nonsurgical support of the bariatric surgery patient--2013
update: cosponsored by American Association of Clinical
Endocrinologists, the Obesity Society, and American Society
for Metabolic & Bariatric Surgery. Endocr Pract Off ] Am Coll
Endocrinol Am Assoc Clin Endocrinol. 2013; 19: 337-372.

Fujioka K. Follow-up of Nutritional and Metabolic Problems
After Bariatric Surgery. Diabetes Care. 2005; 28: 481-484.

Marcason W. Should Albumin and Prealbumin Be Used as
Indicators for Malnutrition? J Acad Nutr Diet. 2017; 117: 1144.

Smith SH. Using albumin and prealbumin to assess nutritional
status: Nursing (Lond). 2017; 47: 65-66.

Bharadwaj S, Ginoya S, Tandon P, et al. Malnutrition:
laboratory markers vs nutritional assessment. Gastroenterol
Rep. 2016; 4: 272-280.

Sherf Dagan S, Goldenshluger A, Globus I, et al. Nutritional
Recommendations for Adult Bariatric Surgery Patients:
Clinical Practicel2. Adv Nutr. 2017; 8: 382-394.

Monje A, Catena A, Borgnakke WS. Association between
diabetes mellitus/hyperglycaemia and peri-implant diseases:
Systematic review and meta-analysis. J Clin Periodontol.
2017; 44: 636-648.

Eskow CC, Oates TW. Dental implant survival and
complication rate over two years for individuals with poorly
controlled type 2 diabetes mellitus. Clin Implant Dent Relat
Res. 2017; 19: 423-431.

Oates TW, Huynh-Ba G, Vargas A, et al. A Critical Review of
Diabetes, Glycemic Control and Dental Implant Therapy. Clin
Oral Implants Res. 2013; 24: 117-127.

Chrcanovic BR, Albrektsson T, Wennerberg A. Diabetes and
oral implant failure: a systematic review. J Dent Res. 2014;
93: 859-867.

Naujokat H, Kunzendorf B, Wiltfang J. Dental implants and
diabetes mellitus-a systematic review. Int J Implant Dent.
2016; 2: 5.

Oral Health Dental Sci, 2021

Volume 5 | Issue 2 | 5 of 6



35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.
52.

Johnson JM, Maher JW, DeMaria EJ, et al. The Long-term
Effects of Gastric Bypass on Vitamin D Metabolism. Ann
Surg. 2006; 243: 701-705.

Holick MF. Vitamin D: importance in the prevention of
cancers, type 1 diabetes, heart disease, and osteoporosis. Am J
Clin Nutr. 2004; 79: 362-371.

Lespessailles E, Toumi H. Vitamin D alteration associated
with obesity and bariatric surgery. Exp Biol Med Maywood
NJ. 2017; 242: 1086-1094.

Choukroun J, Khoury G, Khoury F, et al. Two neglected
biologic risk factors in bone grafting and implantology: high
low-density lipoprotein cholesterol and low serum vitamin D.
J Oral Implantol. 2014; 40: 110-114.

Fretwurst T, Grunert S, Woelber JP, et al. Vitamin D deficiency
in early implant failure: two case reports. Int J Implant Dent.
2016; 2: 24.

Mangano F, Mortellaro C, Mangano N, et al. Is Low Serum
Vitamin D Associated with Early Dental Implant Failure?
A Retrospective Evaluation on 1625 Implants Placed in 822
Patients. Mediators Inflamm. 2016; 2016: 5319718.

Guido Mangano F, Ghertasi Oskouei S, Paz A, et al. Low
serum vitamin D and early dental implant failure: Is there a
connection? A retrospective clinical study on 1740 implants
placed in 885 patients. J Dent Res Dent Clin Dent Prospects.
2018; 12: 174-182.

https://ods.od.nih.gov/factsheets/VitaminK -HealthProfessional/

Shankar P, Boylan M, Sriram K. Micronutrient deficiencies
after bariatric surgery. Nutrition. 2010; 26: 1031-1037.

de Fatima Haueisen Sander Diniz M, Tulio Costa Diniz
M, Rodrigues Almeida Sanches S, et al. Elevated Serum
Parathormone after Roux-en-Y Gastric Bypass. Obes Surg.
2004; 14: 1222-1226.

Villa JKD, Diaz MAN, Pizziolo VR, et al. Effect of vitamin
K in bone metabolism and vascular calcification: A review of

mechanisms of action and evidences. Crit Rev Food Sci Nutr.
2017; 57: 3959-3970.

Akbari S, Rasouli-Ghahroudi AA. Vitamin K and Bone
Metabolism: A Review of the Latest Evidence in Preclinical
Studies. BioMed Res Int. 2018; 2018: 1-8.

https://ods.od.nih.gov/factsheets/VitaminB12-
HealthProfessional/

Blume CA, Boni CC, Casagrande DS, et al. Nutritional profile
of patients before and after Roux-en-Y gastric bypass: 3-year
follow-up. Obes Surg. 2012; 22: 1676-1685.
https://ods.od.nih.gov/factsheets/Folate-HealthProfessional/

Said HM. Intestinal absorption of water-soluble vitamins in
health and disease. Biochem J. 2011; 437: 357-372.
10.17226/9810

Nishida M, Grossi SG, Dunford RG, et al. Dietary vitamin C

and the risk for periodontal disease. J Periodontol. 2000; 71:
1215-1223.

53.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Lee J-H, Shin M-S, Kim E-J, et al. The association of dietary
vitamin C intake with periodontitis among Korean adults:
Results from KNHANES 1V. PloS One. 2017; 12: e0177074.

Riess KP, Farnen JP, Lambert PJ, et al. Ascorbic acid
deficiency in bariatric surgical population. Surg Obes Relat
Dis Off ] Am Soc Bariatr Surg. 2009; 5: 81-86.

Li X, Tang L, Lin YF, et al. Role of vitamin C in wound
healing after dental implant surgery in patients treated with
bone grafts and patients with chronic periodontitis. Clin
Implant Dent Relat Res. 2018; 20:793-798.

https://ods.od.nih.gov/factsheets/Calcium-Consumer/

Shah M, Sharma A, Wermers RA, et al. Hypocalcemia after
Bariatric Surgery: Prevalence and Associated Risk Factors.
Obes Surg. 2017; 27: 2905-2911.

Mori H, Manabe M, Kurachi Y, et al. Osseointegration of
dental implants in rabbit bone with low mineral density. J Oral
Maxillofac Surg. 1997; 55: 351-361.

Nasu M, Amano Y, Kurita A, et al. Osseointegration in
implant-embedded mandible in rats fed calcium-deficient diet:
a radiological study. Oral Dis. 1998; 4: 84-89.

Pugnale N, Giusti V, Suter M, et al. Bone metabolism and
risk of secondary hyperparathyroidism 12 months after gastric
banding in obese pre-menopausal women. Int J Obes Relat
Metab Disord J Int Assoc Study Obes. 2003; 27: 110-116.

Al-Shoha A, Qiu S, Palnitkar S, et al. Osteomalacia with bone
marrow fibrosis due to severe vitamin D deficiency after a
gastrointestinal bypass operation for severe obesity. Endocr
Pract Off ] Am Coll Endocrinol Am Assoc Clin Endocrinol.
2009; 15: 528-533.

Yu EW. Bone Metabolism after Bariatric Surgery. J Bone
Miner Res Off ] Am Soc Bone Miner Res. 2014; 29: 1507-
1518.

Jin J, Robinson AV, Hallowell PT, et al. Increases in
parathyroid hormone (PTH) after gastric bypass surgery
appear to be of a secondary nature. Surgery. 2007; 142: 914-
920.

White MG, Ward MA, Applewhite MK, et al. Rates of
secondary hyperparathyroidism after bypass operation for
super-morbid obesity: An overlooked phenomenon. Surgery.
2017; 161: 720-726.

Flanagan D, Mancini M. Bimaxillary Full Arch Fixed Dental
Implant Supported Treatment for a Patient with Renal Failure
and Secondary Hyperparathyroidism and Osteodystrophy. J
Oral Implantol. 2015; 41: e36-e43.

Gabet Y, Kohavi D, Voide R, et al. Endosseous implant
anchorage is critically dependent on mechanostructural
determinants of peri-implant bone trabeculae. J] Bone Miner
Res Off ] Am Soc Bone Miner Res. 2010; 25: 575-583.

Virji A, Murr MM. Caring for patients after bariatric surgery.
Am FAM Physician. 2006; 73: 1403-1408.

© 2021 Heifetz-Li JJ, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License

Oral Health Dental Sci, 2021

Volume 5 | Issue 2 | 6 of 6



