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1.   Abstract 

Chronic inflammatory disorders such as Inflammatory Bowel Disease have a 

considerable effect on the metabolism of bone and are generally associated with Bone Mineral 

Disease (BMD) (1). 

In children and adolescents, it is of particular importance because not only does it 

increase the risk of fracture but it has a deleterious effect on overall bone growth, development, 

and peak bone mass (2, 3-4). The mechanisms contributing to bone abnormalities are multifactorial 

however the most important is inflammatory cytokines found in high amounts in inflammatory 

diseases, the use of corticosteroids for treatment of IBD, lack of proper nutritional status and a 

delay in puberty in active disease. All mechanisms are correlated with one another, so there is 

difficulty in pinpointing what the real culprit behind the skeletal abnormalities is. Current 

diagnostic methods consist of several radiating and non-radiating and laboratory techniques, the 

most widely used and available of which is the DXA scan. Measurements from DXA scan are 

correlated to Z-scores that are standardized based on age and gender. With proper z-score 

measurment we can attempt to properly treat children and adolescents with pediatric-onset IBD 

before they reach their peak bone mass. 

Nutritional interventions such as dietary Vitamin D and Calcium supplementation, even 

though are widely used, are not shown yet of substantial efficacy in patients with IBD. With 

understanding the mechanisms of BMD in Ulcerative Colitis and Crohn's Disease, it is crucial to 

focus on the development of targeted therapies that work to maximize growth yet limit disease 

activity in children with IBD. 

Keywords: BMD, IBD, Crohns, Ulcerative Colitis, DXA, Vitamin D, Calcium, Z-score, peak bone mass 
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2.   Sažetak 

Kronični upalni poremećaji, kao što je upalna bolest crijeva, znatno utječu na 

metabolizam kostiju i općenito su povezani s poremećajem mineralizacije kostiju (1) 

U djece i adolescenata to je od osobite važnosti jer ne samo da je povećan rizik od 

prijeloma kostiju, nego je dokazan je negativan učinak na ukupni rast kosti, razvoj i vršnu 

koštanu masu (2, 3-4). Mehanizmi koji pridonose abnormalnom razvoju kostiju su multifaktorni, 

međutim najvažniju ulogu imaju upalni citokini koji se nalaze u velikim količinama kod upalnih 

bolesti, zatim primjena kortikosteroida u liječenju , nedostatak odgovarajućih nutrijenata, i 

kašnjenje puberteta u aktivnoj bolesti . Navedeni mehanizmi su međusobno povezani jedni s 

drugima, stoga je teško odrediti koji je pravi uzrok za abnormalnosti u razvoju kostiju. Trenutne 

dijagnostičke metode uključuju nekoliko radijacijskih i ne-radijacijskih te laboratorijskih tehnika, 

od kojih je najčešće korištena i dostupna DXA denzitometrija. Mjerenja iz DXA skeniranja 

koreliraju se s Z-vrijednostima  koji su standardizirani na temelju dobi i spola. S tim spoznajama 

možemo pokušati pravilno liječiti djecu i adolescente s ranim nastupom upalne bolesti crijeva, 

prije nego što dosegnu svoju vršnu masu kostiju. 

Dodatak vitamina D i kalcija, u prehrani, iako se primjenjuju, nisu za sada pokazali 

značajni učinak u bolesnika s upalnim bolestima crijeva. Uz razumijevanje mehanizma 

mineralne bolesti kostiju kod ulceroznog kolitisa i Crohnove bolesti, ključno je usredotočiti se na 

razvoj ciljanih terapija koje potiču rast, ali istovremeno ograničavaju aktivnost bolesti kod djece 

s upalnim bolestima crijeva. 

Ključne riječi: Poremećaj mineralizacije kostiju,  Upalna bolest crijeva, Ulcerozni kolitisa, Crohnova bolest,  DXA 

denzitometrija, vitamin D, Kalcija, Z-vrijednost, Vršna masa kostiju.  
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3.   Introduction 

Inflammatory Bowel Disease (IBD) is an unyielding, chronic inflammation of primarily 

the digestive tract with characteristic extraintestinal manifestations. IBD can be categorized into 

three subtypes, the most common being Crohn's Disease (CD) and Ulcerative Colitis. The third, 

least common form, localized primarily in the colon, when differentiation is not yet possible, is 

labeled as Unclassified Colitis (IBDU). IBD was described in early medical literature several 

centuries ago as an erratically occurring disease, but it was not until the 19th and early 20th 

century that its attention was gained in the medical community by US physician Crohn and 

British physician respectively. Similar to other diseases, UC and CD have a steady increase in 

their incidence since the early 20th century for UC and the mid and late 20th century for CD. 

  

3.1  Epidemiology 

The disease can occur from as early as childhood but is most commonly diagnosed 

between the ages of 15 to 30 years. Genetic and environmental factors are an explanation for the 

epidemiological differences of IBD in newly industrialized and westernized countries. There is 

also a difference of observations in studies performed in already westernized and newly 

industrialized countries due to increased diagnostic capabilities as shown in the Barnes and 

Kappelmann (7) study on the incidence of Pediatric onset IBD in the north of France. Such 

epidemiological differences can also be seen with two large-scale studies. One retrospective 

cohort study was done in the UK with a follow-up of 6 million person-years linking the use of 

antibiotics and pediatric-onset IBD. Another prospective cohort done on the Danish population 

also linking antibiotics to IBD but this time it was more specifically associated with CD (8,9). 

Although there are many associations of instigating factors that are linked to IBD including 
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smoking, hygiene hypothesis, microorganisms of the gut microbiome, appendectomy, 

medication, nutrition and stress, the exact mechanism behind these connections are still not well 

understood. More and more factors are being linked to IBD in the present and future studies and 

possibly one day will be more clearly understood (10). 

  

3.2  Diagnosis and Features of Disease 

There is variation in factors that distinguish the diagnosis of the different types of 

Inflammatory Bowel Disease. Initial evaluation of pediatric patients suspected of IBD consists of 

a series of diagnostic tests which include upper endoscopy, colonoscopy with ileoscopy (with 

biopsies), upper GI series with barium and small bowel follow-through or in older children MR 

enterography, Less commonly there is also serologic testing, capsule endoscopy, and abdominal 

CT. (1) 

The North American Society for Pediatric Gastroenterology, Hepatology and Nutrition 

(NASPGHAN) has set up guidelines based on an algorithm that helps physicians in decreasing 

the variability in diagnoses between Crohn's disease, Ulcerative Colitis and minimizing needing 

to diagnose Indeterminate Colitis. This decrease in diagnosis variability is epidemiologically and 

medically crucial for future research of the disease, and for appropriate treatment in today's 

times. Based on NASPGHAN algorithm, UC and Unclassified Colitis (IBDU) are both diagnoses 

of exclusion from CD. 

Main features used in the diagnosis of CD is made by a thorough physical exam, 

Radiographic imaging, Colonoscopy, and Histology. On physical exam, perianal fistulas and 

abscesses can be found along with skin tags reaching a size of more than 5mm. On imaging one 

can see that there is definitive small bowel involvement. With colonoscopy, the classic linear 
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ulceration, cobblestone appearance, and ileocecal stenosis are found, as well as strictures and 

fistulas. Histologically CD consists of non-caseating granulomas in 25-61% of patients and with 

colectomy one can find transmural lymphoid aggregates (11). 

Though the above criteria are diagnostic of CD, patients without these features should 

also be suspected of CD when having growth failure, an abdominal mass, discontinuous 

intestinal inflammation (as opposed to continuous lesions found in UC), or aphthous ulcers.  

 

Figure 1 Differentiation between UC and CD and IBDU 

NASPGHAN guidelines for differentiating diagnosis between UC, CD and IBDU, Modified (12).  
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When a patient has such suggestive features of CD but no diagnostic features, the 

diagnosis should primarily be put as IC and patients should be followed up until a more 

definitive diagnosis can be made. On the other side, we have UC which has its typical features of 

continuous diffuse inflammation that starts most commonly presents as pan colitis or left-sided 

colitis,  or moves more proximally in the colon while sparing the rectum. 

Serum antibodies can be tested for both Crohn's Disease and Ulcerative Colitis, ASCA, 

and P-ANCA respectively, but are not strongly associated and their Positive Predictive Values 

(PPV) are dependent on the level of symptoms. Patients who have an increased prior likelihood 

of having the disease will have less false positives than those lacking characteristic symptoms. 

There is also another serologic marker, anti-OmpC antibody, which is not specific to either CD 

or UC. However, it was found to be positive in some children with IBD which were not detected 

by other markers. The addition of this marker would increase sensitivity from 63% to 70%, as 

well as decrease the specificity from 97% to 94% (13). It is also necessary to look at inflammatory 

lab parameters such as Erythrocyte Sedimentation (ESR), C-reactive Protein (CRP), fibrinogen 

which would be elevated in active disease, and in CD levels of albumin and total albumin-

globulin protein ratio which would be low. 

  

3.3     Extraintestinal  Manifestations 

Although the gastrointestinal tract is the primary system affected by both CD and UC, 

multisystem involvement is possible as well. The prevalence of the presence of extraintestinal 

manifestations (EIM) of both conditions is not clearly outlined and is varying widely from author 

to author. Even so, there seems to be a combined finding that a higher number of pediatric 

patients versus adult patients develop more than just intestinal involvement. Extraintestinal 
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symptoms may appear before intestinal symptoms, synonymously with them or may develop 

later in the disease. For pediatric-onset IBD, the most striking feature would be growth 

retardation or cessation and lack of sexual development. Extraintestinal manifestations can 

commonly be seen in the oral cavity, liver, skin, joints and bones, blood, and eye. Such examples 

include arthritis,arthralgias, and spondyloarthropathies, erythema nodosum, aphthous stomatitis, 

episcleritis/uveitis and many less common ones. Other body systems can as well be affected but 

it is rare. 

 Inevitably with the chronicity of UC, CD, and IC in children, the toll it takes is on 

childhood development. The manifestation which will be the focus of this review will be bone 

mineralization disorder, of which the etiology is multifactorial yet still a direct consequence of 

all three forms of pediatric-onset IBD. 

  

3.4   Treatment 

Treatment of IBD is based on pharmacological, nutritional and/or surgical. Regarding 

pharmacological treatment, corticosteroids play still an important role in flare-ups and are 

important in inducing remission in a patient with active IBD. A good solution for avoiding 

steroid side effects is use of enteral nutrition. There is the same remission induction rate as with 

steroids alone and is mostly effective in mild or moderate nonfistulising Crohn's disease. For 

maintenance therapy, it is recommended to introduce immunomodulators such as azathioprine 

(AZA), a purine analog, for both CB and UC  or methotrexate for CB,  Biologic therapy,  

infliximab or adalimumab, the monoclonal antibodies that block TNFα, are recommended in 

severe cases. In pediatric patients, one of the main challenges is reducing the severity of 
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intestinal inflammation in order to optimize growth and pubertal development which will be 

further discussed later (14). 

  

4.0      Pathophysiology of Bone Formation and Mineralization 

The human skeleton, especially in the adolescent age, is a dynamic and influential organ 

that is continuously regenerating, growing and changing. Bone is important both structurally and 

metabolically. Metabolically, bones manage and store large amounts of calcium, carbonate, and 

phosphorus, and can control and buffer changes in hydrogen concentrations. Structurally, bone is 

crucial for mobility, respiration, and protection of internal organs and also the hematopoietic and 

immunologic cell's system (15). 

 During childhood growth and development, the skeleton goes through the process of 

modeling itself by depositing bone from one place to another until it reaches its maturity and 

ideal shape and size. Once the skeleton has reached its peak bone mass, modeling is replaced 

with the process of remodeling where there is a replacement of old bone with new, this process is 

done by specialized cells that make up the Bone Multicellular Unit (BMU). A BMU consists of 

osteoclasts, osteoblasts behind them, a blood supply, and connective tissue. In this order, there is 

first resorption of old bone by osteoclasts and the formation of new bone by osteoblasts (16).  The 

result of a wholly remodeled cycle is the formation of an osteon. The function is not only for 

maintenance of the mechanical competence of bone but also to keep homeostasis for minerals in 

the body by mobilizing and storing calcium, magnesium and phosphorous. There is excellent 

coordination between the skeleton and intestines, the major contributor of ionic absorption, 

therefore, dysregulation of intestines can affect bones and bone development significantly.  The 
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difference in the amount of bone removed and formed is called a bone balance, and this varies 

with gender, age and diseased versus healthy states (17-19). 

Many regulators interact together for the processes of bone formation and mineralization, 

which are mainly divided into ones with systemic effects and ones which have both systemic and 

local or mainly/solely local effects on bone. The primary systemic regulators include parathyroid 

hormone (PTH), Vitamin D, Calcitonin, Estrogens, Androgens, Growth Hormone (GH)/ Insulin-

like Growth Factor 1 (IGF-1), Thyroid Hormones, and Steroids. Other factors include cytokines, 

leukotrienes, nitric oxide (NO) prostaglandins and TNFα each promoting mainly resorption but 

may also be stimulative on the formation. 

  

4.1      Parathyroid Hormone 

PTH is the key regulator of calcium homeostasis. It maintains serum calcium 

concentrations in the blood not only by increasing the amount that is reabsorbed by the renal 

system and increasing calcitriol production by the kidneys. PTH has a stimulatory effect on bone 

formation when it is released or given intermittently. Consequently, it impedes on the production 

of collagen higher concentrations (20). Although PTH does stimulate bone formation, when it is 

given or secreted in a continuous flow it also has a bone resorptive effect in a process that is 

mediated by osteoclasts (21,22). PTH also increases the production of several local factors, 

including interleukin (IL)-6, IGF-1, and IGF-binding protein (IGFBP-5), and prostaglandins. 

  

4.2      Vitamin D          

The active Vitamin D metabolite 1,25(OH)2D mainly stimulates the gut to absorb 

calcium and phosphate, creating an optimal condition for mineralization. Therefore 
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insufficiencies lead to secondary hyperparathyroidism, and bone loss which later leads to 

osteomalacia and an increased risk of fractures.  In the gastrointestinal tract, calcium is mostly 

absorbed in the duodenum and proximal jejunum. Depending on the segment and the 

concentration of calcium in the lumen, it is absorbed either through a weakly regulated 

paracellular route or by a highly regulated vitamin D3-sensitive transcellular pathway. Therefore 

if the concentration of calcium is low in the lumen, Vitamin D is needed to regulate and increase 

absorption of the calcium that is in the lumen to maintain sufficient levels (23). 

As stated above continuously increased PTH (which is the case in hyperparathyroidism) 

is unfavorable due to its stimulatory effect on the bone turnover rate which is carried out by the 

BMU. An increased bone-turnover rate leaves more osteoid type bone or unmineralized bone 

which is undesirable, especially in a growing child (24). In contrast to Vit D, calcitonin inhibits 

osteoclast activity, reducing bone resorption. A body in homeostasis with the appropriate amount 

of actions of vitamin D and calcitonin results in a positive bone balance (25). 

  

4.3      Estrogens and Androgens 

In children that are going through puberty, sex hormones are critical in shaping the bone 

structure. (1) Increases of these hormones during puberty decrease resorption of bone and limit 

bone remodeling. Androgens act directly on receptors, found on the epiphyseal plates, to 

stimulate bone formation. Indirectly they stimulate muscle formation which gives bones 

incentive to grow and mineralize (26,27). Estrogens are responsible for the maturation and 

mineralization of bone. Indirectly, estrogens work on receptor activator of nuclear factor kappa-

Β ligands (RANKL), by inhibiting it, through the action of osteoprotegerin, a decoy receptor of 

the RANKL. RANKL is a cytokine that is secreted by osteoblasts and T cells which interacts 
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with the receptor activator of nuclear factor-κB (RANK), found on the membrane of osteoclasts, 

where it activates bone resorption (28). RANKL inhibition decreases differentiation and activation 

of osteoclasts. Therefore, deficiencies in estrogen and androgen cause bone loss due to an 

increased rate of bone remodeling and the imbalanced osteoclast and osteoblast proliferation 

ratio (29,30). 

  

4.4      Growth Hormone and IGF-1 

Growth hormone is a peptide hormone with essential effects on bone growth such as the 

proliferation of pre-chondrocytes, remodeling and formation of bone, and increasing net 

mineralization (31). Children that are deficient are faced with a failure to grow, short stature and 

delay of sexual maturity which all contribute to a lower peak bone mass and bone mineral 

disease. The relationship between IGF-1 and GH is abstruse, however, simply put, GH stimulates 

the gene transcription and secretion of IGF-1 by the liver and indirectly stimulates IGF-1 through 

the action of chondrocytes and osteoblasts. GH is a principal determinant of IGF-1 and IGF-1 is 

the mediator of most actions of GH (32). 

  

4.5      Thyroid Hormone 

Increased amounts of circulating thyroid hormone are associated with increased bone 

remodeling (resorption and formation) which leads to a lower BMD. Thyroid hormones may act 

on bone cells either indirectly by increasing secretion of growth hormone (GH) and insulin-like 

growth factor-1 (IGF-1), or directly by influencing target genes via specific nuclear receptors. It 

is thought that thyroid hormone may work indirectly on bone cells by activating secretion of 

growth hormone and insulin-like growth factor-1 or by directly influencing osteoblasts and 
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osteoclasts through the specialized receptor, thyroid receptor-alpha-1 (TR alpha-1) that is found 

in bone cells (33.). There is also significance in the increased levels of interleukin-6 (IL-6) found 

in patients with hyperthyroidism in which IL-6 acts excessively on osteoclast production by 

stimulating it, thus causing a lower BMD (34). 

  

4.6      Corticosteroids 

Steroids play a vital role in the resorption and formation of bone especially in children 

that are being treated with IBD flare-ups or treatment of initial flare-up with steroids. 

Corticosteroids cause bone loss by inhibiting formation, increasing resorption, decreasing the 

intestinal absorption of calcium, and increasing excretion of calcium through the kidney. This 

topic will be discussed in more detail later on with the pathogenesis of Glucocorticoid therapy. 

  

4.7      Peak Bone Mass 

Peak bone mass is defined as the amount of bone mass that is developed at the point in 

time in which skeletal maturity is reached. There is no definitive age in which normal peak bone 

mass is achieved, but it is mostly seen in late adolescence within the second decade of life (18). 

Throughout childhood, bone growth is linear and does not significantly differ between genders 

until the onset of puberty at which there is an acceleration in bone mass that accounts for more 

than 40% of the total adult bone mass and the differences of bone in boys and girls starts to 

differ. 
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5.0      Pathogenesis of BMD in children with IBD 

In the population of pediatric patients suffering from IBD whether it be CD, UC, or IC, 

there are certain risk factors specific for this group that make them more susceptible in 

developing BMD. Malabsorption, Glucocorticoid Therapy, Chronic Inflammation due to the 

disease activity, and Hypogonadism all play a role in making children with IBD vulnerable to 

BMD. To properly assess disease activity in children and adolescents for both CD and UC there 

are Standardized Assessment Tools, Pediatric Crohn’s Disease Activity Index (PCDAI) and 

Pediatric Ulcerative Colitis Activity Index (PUCAI), respectively, which are used, and based on 

a given numerical score are interpreted. Scores are evaluated by several factors such as 

abdominal pain, number of stools per day, blood in stool, weight, linear growth, lab studies etc.  

and then organized into three to four categories rating the severity of disease. Ranges are from 

inactive disease to mild, moderate and finally severe disease activity (35-39). 

 

3.1   Malabsorption and Nutrient Deficiency 

 Malnutrition is the result of malabsorption, decreased dietary intake, sometimes 

maldigestion, and increased energy expenditure. Particularly apparent in CD, malabsorption of 

lactose and fat-soluble vitamins such as A, D, E and K are common (40). The cause is 

multifactorial, mostly being caused by, in some cases, shortening of the small bowel length, 

giving less surface area for nutrients to be absorbed and possibly bile acid deficiency from 

terminal ileum resection; and inflammation of the bowel, making the diffusion of nutrients 

through the bowel much harder. Bacterial overgrowth also plays a role in making nutrient 

absorption more difficult. Since the focus of this review is BMD, focus will be put on Vitamin D 

deficiency. As previously mentioned, a decrease in the active metabolite of vitamin D, 
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1,35(OH)2D leads to consequences like a decrease in calcium absorption from the intestines 

which in turn leads to bone loss and increase of bone-turnover due to activation of PTH.  With an 

increase in bone turnover there is more remodeling of the surface of the bone and there is less 

mineralization due to the fact that the age of osteon is younger and mineral accumulation takes 

time after formation. With chronic malabsorption, leading to chronic vitamin D deficiency, the 

amount of unmineralized osteoid tissue can accumulate to more than 5% (14). It was shown in a 

study that deficiency in vitamin D is very common in IBD, about 65% of CD patients had low 

serum calcidiol (25-hydroxyvitamin D levels, most probably due to their increased risk of bowel 

segment removal surgeries and lactose intolerance which is more likely to keep them away from 

dairy products, an established source of calcium and Vitamin D (41,42).The cause of insufficient 

vitamin D is also multifactorial and can be attributed to genetic factors or lack of sun exposure. 

 

5.2      Glucocorticoid Therapy 

Corticosteroids regulate a diverse array of physiological processes and are used in the 

treatment of several inflammatory diseases. It is more prevalent in patients with IBD that are 

treated with corticosteroids to have bone loss (43). They have a well known detrimental effect on 

bone and growth. It was first described by Cushing in 1931 and later in 1992 was demonstrated 

in rabbits the direct inhibitory effect dexamethasone had on the growth plate when it was given 

directly into the epiphyseal plate (44,45). In treatment with steroids, the time at which the risk of 

bone loss is most prominent is in the first few months of use. Continued use showed that there 

was a steady decrease in overall bone mass (46.). It was shown that particularly with high dose 

steroids, there was not only a decrease in the production of osteoblasts but also an increase in the 

apoptosis of osteoblasts and osteocytes (47). Osteoclast proliferation is stimulated by steroids 
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5.3   Inflammatory Cytokines 

The effects of glucocorticoid use versus the effects of inflammatory activity due to 

chronic disease are hard to differentiate (51). It is, however, apparent that the mechanism of BMD 

in IBD is similar to other chronic systemic inflammatory diseases such as Rheumatoid Arthritis 

(RA) or Systemic Lupus Erythematosus (SLE) (52). BMD is found in patients without any other 

factor to be accountable and this is exemplified by observations such as mild cortical bone loss 

found in children who are newly diagnosed and on histomorphometric analysis of subjects with 

clinically dormant IBD (more precisely CD) were also found to have low BMD and a decrease in 

mineral apposition rate (53-56). Although the mechanism of low BMD is not well understood, there 

is a possibility that the chronic inflammation leads to excessive production of cytokines, such as 

RANK (through dual action by osteoprotegerin) and IL-6, IL-1β, TNFα (Tumor Necrosis Factor 

alpha). Osteoprotegerin, the decoy receptor of RANKL, is secreted by osteoblasts along with 

RANKL and it was shown to be elevated in the plasma in patients with CD and UC, compared to 

controls, unlike RANKL which was not very different from control subjects (57).  An increase of 

these cytokines causes resorption of bone without any compensatory increase in the formation of 

new bone (51, 58, 59). IL-6, IL-1β, TNFα are shown to be elevated in chronic inflammatory states 

like IBD and are involved in osteoclast-mediated bone resorption through the action of the p38 

mitogen-activated protein kinase (MAPK) pathway  (60). High concentration of IL-1β are found in 

both CD and UC, and it is a key mediator of bone resorption through the action of RANKL, 

which promotes the production of osteoclasts. IL-6 is also significantly increased in monocytes 

in patients with IBD, and there is a significant reduction in osteoclast formation and bone erosion 

with blockade of IL-6 (61).  Evidence supporting the action of cytokines can be seen through 

pharmacological studies done which worked on the blockade of said cytokines such as IL-6 and 
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TNFα. Tocilizumab, a humanized antibody that blocks IL-6, has shown promise in inflammatory 

arthritis patients in reducing systemic bone resorption (62).  Miheller et al. also demonstrated that 

in patients treated with infliximab (an inhibitor of TNFα) there was a decrease in the 

osteoprotegerin levels, improvement in BMD status and a higher BMAD (63). Based on the role 

RANKL has on bone resorption, there is a chance that a monoclonal antibody, denosumab, can 

one day be an effective therapy in the prevention and treatment of BMD in children with IBD (64). 

 

5.4   Hypogonadism and Decrease in Sex hormones 

Hypogonadism and pubertal delay are common in the pediatric population that has active 

IBD. A consequence of this is a decrease in linear growth, lack of lean muscle accumulation and 

delay of bone age which can affect peak bone mass during adolescence. Malnutrition, 

inflammatory processes and use of corticosteroids in the treatment of IBD all contribute to the 

hypogonadism in children (65). Inflammatory cytokines directly inhibit gonadal sex hormone 

production and the deficiency in body mass (which can be assessed by leptin levels which are 

equivalent to body fat) found in many IBD patients is preventing the onset of puberty by 

disrupting pituitary-gonadal function and activation of the gonadotropin-releasing hormone (66). 

  

6.0      Diagnosis and Assessment of BMD 

The World Health Organization (WHO) classification of BMD should not be used when 

assessing children and adolescents according to the International Society for Clinical 

Densitometry (ISCD) (67). In the pediatric group, Z-scores (instead of T-scores) are used to 

interpret DXA scans. This is due to the fact that it is not pertinent to compare an adolescent or 

child who has not reached peak bone mass with an adult who already has. Densitometric criteria 

alone are not enough for diagnosis of osteoporosis. There must be an apparent history of fracture 
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and low Bone Mineral Content (BMC). A clinically significant fracture history must contain at 

least one of three incidences:  fracture of a long bone of the lower extremity, vertebral 

compression fracture, and/or two or more fractures of a long bone in the upper extremity. BMD 

or low BMC is defined as a Z-score (that is adjusted for body size, age, and gender) less than or 

equal to -2.0 and the term osteopenia should not be used in the pediatric population (68). Precise 

BMD measurement is difficult in the pediatric population due to confounders one of which is the 

lack of a standardized reference database for Z-scores (69). DXA scan is the most widely used tool 

in measuring BMC. There are however other methods such as Peripheral Quantitative Computed 

Tomography ( pQCT), Quantitative ultrasound (QUS) and Biochemical markers to screen for 

BMD. 

  

6.1   DXA scan and Z-score 

Beginning in the 1980s, DXA scan has become the most accessible, non-invasive clinical 

procedure for investigating BMD. In adult medicine, for people suffering from osteopenia and 

osteoporosis, DXA scan is the gold standard for diagnosis (70). The growing concern for bone 

health in children has made its use increase rapidly as well in the pediatric population, and has 

become a widely available bone densitometry technique for bone status measurements in 

children (71). DXA scan BMC measurements of the lumbar spine (as oppose to hip) is the most 

widely used technique in assessment of BMD in the pediatric population.  

 DXA is a two-dimensional technique that uses x-ray transmission through the body at 

both high and low energy levels (72). The reason for both energy levels is because they are each 

attenuated differently, and thus information about soft tissue and bone is achievable along with 

the ability to distinguish between the two. DXA scan pixels measure the areal BMD (aBMD) 

which is expressed in g/cm3. The BMC is calculated by multiplying the Bone area (BA) by the 
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measure aBMD. The absolute value is then expressed as either a T-score or Z-score, in this case, 

for children, it is Z-score (73). A Z-score is a comparison of bone density to the average for one's 

gender and age, whereas a T-score reports the difference in bone mass of an average 30-year-old 

male. When BMC Z-scores are between -1.0 and -1.9 they are suggested to be classified as an “at 

risk for low bone mineral density or bone mineral content for chronologic age” group. When 

BMC Z-scores are less than or equal to -2.0, “low bone mineral density or bone mineral content 

for chronologic age” is suggested (74). Diagnosis of osteoporosis is made with a Z-score of -2.0 

and a history of fracture that falls under the three previously mentioned categories. 

 Advantages of using DXA are rapid scan times, the availability of reference data in the 

pediatric population and cost is inexpensive. DXA scan can be used to measure the whole body 

or particular regions of interest, especially lumbar spine, and it is currently the only technique 

used in the measurement of hip region BMD in children (75). 

  

6.2   QCT and vBMD 

Quantitative Computed Tomography(QCT) consists of axial QCT (spine) and peripheral 

QCT (pQCT; radius, tibia, femur). These methods became regularly used during the 1980's 

before the DXA scan was popularized. QCT results are presented as the mean volumetric BMD 

(vBMD) and expressed as mg/cm3. When measuring the trabecular vBMD, which is one of the 

advantages QCT has over DXA scan, the result is an amalgamation of the bone and the marrow 

per voxel which may confound the measurements in adults. However, in children, bone marrow 

fat is limited. Therefore, vBMD results are more precise. The limitations of axial QCT such as a 

several-fold increase in the dose of ionizing radiation, lack of accessibility to equipment and 

analysis software, and the need for skilled technical staff has prevented it from developing 
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6.4   Laboratory Evaluation 

There are several markers connected to bone formation and resorption that can be 

identified in daily practice. Markers for osteoblast activity, such as osteocalcin and bone alkaline 

phosphatase (ALP), osteoclast activity such as tartrate-resistant acid phosphatase, and other 

breakdown products can be used. There have been investigations into these markers in screening 

for BMD in IBD but have been of limited use in the clinical setting (80-82). Bone sensitive ALP in 

high concentrations has been considered a reliable biomarker to predict bone mineral status and 

as an indicator to continue with radiological diagnostics (83). In patients already found to have 

low BMC, laboratory diagnostic tests can help distinguish possible other causes of bone loss 

such as hyperparathyroidism, Vitamin D deficiency , renal disease or liver disease. As a general 

rule, necessary tests that should be ordered are a Biochemistry profile (Ca2+, phosphorus, 

albumin and total proteins, creatinine, liver function tests (LFTs), and electrolytes), 25(OH) Vit 

D levels, complete blood count (CBC) and Testosterone for males. 

  

7.0      Treatment and Follow up of BMD in children with IBD  

According to the NASPGHAN, there are current recommendations regarding the 

monitoring and stabilizing bone health in adolescents and children suffering from UC, CD or IC. 

Clinicians should obtain consistent follow-up measurements of BMD every one to two years in 

patients with pediatric-onset IBD who have a total body (minus head and spine) Z-score of less 

than -1.0 (76). There is not much data on the prevention and treatment of low BMC in patients 

with IBD especially data that is specifically for the pediatric population. Based on the 2017 

American College of Rheumatology guidelines for steroid induced prevention of osteoporosis, 

nutritional interventions such as dietary Vitamin D and Calcium supplementation are widely 
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used in patients treated with steroids and patients that are seen to have low z-scores, even though 

there is not much evidence proving its efficacy (84). The overview of maintenance of bone health 

includes changes in lifestyle habits (exercise); correction of gonadal steroid hormone and vitamin 

D deficiencies, minimizing the use of glucocorticoid (i.e., changing the dose, type, and duration)  

and pharmacologic therapy if all else fails (85-89). When it comes to pharmacologic therapy, there 

is a minimal connection that the use of biologics has favorable outcomes concerning bone health 

and there are no current recommendations for these solely to control low BMC in children. Oral 

bisphosphonates have been found to be effective in improving bone mineralization status of 

children with significant morbidity from their compromised bone health (90). Again, there is little 

evidence and research that accurately examines specifically the treatment of BMD in pediatric-

onset IBD. 

 

8.      Discussion 

 1964 was when the first connection between IBD and BMD was proposed, by Edwards 

and Truelove, after which came several studies concluding that low BMC is a common problem 

in children and adolescents suffering from IBD (2, 3-4).  

It is of great importance to understand the mechanism of BMD specifically for children in 

IBD to shorten the time till diagnosis, to maximize efficacy of the treatment and to overall 

improve the treatment options in children. Unfortunately there are not many choices for pediatric 

patients in this disease, therefore there is not much individualization in treatment of it. 

Understanding the reason behind the low BMC, whether it be inflammation based or from 

treatment of flare-ups with steroids, we can develop and learn to use more efficient drugs that are 

targeting key regulators in bone mineralization. Denosumab, a highly specific inhibitor of 
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RANKL, has shown efficacy in the pediatric population to increase bone mineral density with 

minimal side effects, one of which is reduced calcium with increased parathyroid hormone (91). 

However this drug is used very rarely and not at all in most countries for the treatment in IBD. 

The mainstay of therapy for BMD in children is still Vitamin D and Calcium and will continue to 

be until there is enough studies done on a more targeted approach to this condition. Beginning 

there’s studies on the targeting of main culprits, such as with denosumab on RANKL, is a step in 

the right direction for a more individualized approach in treatment of Bone Mineral Disease in 

children with Inflammatory Bowel Disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 25 

 

9.     Acknowledgments 

I would like to express my great appreciation for my mentor, Prof. Irena Senecic-Cala 

who with her great knowledge and passion of this subject guided me in shaping and learning 

about this topic. I would also like to thank my parents, siblings and friends for their 

continuous unconditional support and help in achieving my dream in this and every part of 

my life. Finally, I would like to thank the University of Zagreb for giving me the opportunity 

to begin, pursue and eventually achieve my goal in starting a career in medicine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 26 

 

11.     References 

1. Senecic I, Osobitosti kostanog metabolizma i poremecaja u djece oboljele od kronicne 

upalne bolesti crijeva, PhD Thesis, 2010 

2. Edwards FC, Truelove SC. The course and prognosis of ulcerative 

colitis.III.Complications. Gut. 1964;5:1-22   

3. Cowan FJ, Warner JT, Dunstan FD, et al. Inflammatory bowel disease and predisposition 

to osteopenia. Arch Dis Child. 1997;76:325-329  

4. Boot AM, Bouquet J, Krenning EP, et al. Bone mineral density and nutritional status in 

children with chronic inflammatory bowel disease. Gut. 1998;42:188-194   

5. Gokhale R, Favus MJ, Karrison T, et al. Bone mineral density assessment in children 

with inflammatory bowel disease. Gastroenterology. 1998;114:902-911 

6. Herzog D, Bishop N, Glorieux F, et al. Interpretation of bone mineral density values in 

pediatric Crohn's disease. Inflamm Bowel Dis. 1998;4:261-267   

7. Barnes, E. L., & Kappelman, M. D. (2018). Editorial: Increasing Incidence of Pediatric 

Inflammatory Bowel Disease in France: Implications for Etiology, Diagnosis, Prognosis, 

and Treatment. The American Journal of Gastroenterology, 113(2), 273-275. 

doi:10.1038/ajg.2017.431 

8. Kronman, M. P., Zaoutis, T. E., Haynes, K., Feng, R., & Coffin, S. E. (2012). Antibiotic 

Exposure and IBD Development Among Children: A Population-Based Cohort Study. 

Pediatrics, 130(4), e794–e803. http://doi.org/10.1542/peds.2011-3886 

9. Hviid A, Svanström H, Frisch M, Antibiotic use and inflammatory bowel diseases in 

childhood Gut 2011;60:49-54. 

http://doi.org/10.1542/peds.2011-3886


 27 

 

10. Ye, Y., Pang, Z., Chen, W., Ju, S., & Zhou, C. (2015). The epidemiology and risk factors 

of inflammatory bowel disease. International Journal of Clinical and Experimental 

Medicine, 8(12), 22529–22542. 

11. De Matos V, Russo PA, Cohen AB, Finkel Y. Frequency and clinical correlations of 

granulomas in children with Crohn disease. J Pediatr Gastroenterol Nutr. 

2008;46(4):392–398. 

12. Bousvaros A, Antonioli DA, Colletti RB, et al. Differentiating ulcerative colitis from 

Crohn disease in children and young adults: report of a working group of the North 

American Society for Pediatric Gastroenterology, Hepatology, and Nutrition and the 

Crohn’s and Colitis Foundation of America. J Pediatr Gastroenterol Nutr. 2007;44:653-

674. 

13. Zholudev, A., Zurakowski, D., Young, W., Leichtner, A., & Bousvaros, A. (2004). 

Serologic Testing with ANCA, ASCA, and Anti-OmpC in Children and Young Adults 

with Crohns Disease and Ulcerative Colitis: Diagnostic Value and Correlation with 

Disease Phenotype. The American Journal of Gastroenterology, 99(11), 2235-2241. 

doi:10.1111/j.1572-0241.2004.40369.x 

14. Heuschkel R, Salvestrini C, Beattie M, et al. Guidelines for the Management of Growth 

Failure in Childhood Inflammatory Bowel Disease. Inflamm Bowel Dis. 2008;14:839-

849 

15. Manolagas, Stavros C. “Normal Skeletal Development and Regulation of Bone 

Formation and Resorption.” Edited by Marc K Drezner, UpToDate, 5 Mar. 2018 



 28 

 

16. Jilka, R. L. (2003, July 11). Biology of the basic multicellular unit and the 

pathophysiology of osteoporosis. Retrieved from 

https://onlinelibrary.wiley.com/doi/abs/10.1002/mpo.10334 

17. Zhou, H., Lu, S. S., & Dempster, D. W. (2010, March 17). Chapter 2 – Bone 

Remodeling: Cellular Activities in Bone. Retrieved from  

https://www.sciencedirect.com/science/article/pii/B978012374602300002X  

18. Rolando Cimaz and Fernanda Falcini, Chapter 49 - SKELETAL MATURATION AND 

BONE MINERALIZATION IN THE PEDIATRIC RHEUMATIC DISEASES, In 

Textbook of Pediatric Rheumatology (Sixth Edition), edited by James T. Cassidy, Ronald 

M. Laxer, Ross E. Petty and Carol B. Lindsley, W.B. Saunders, Philadelphia, 2011, 

Pages 730-741, ISBN 9781416065814 

19. Y.-C Lin, R.M Lyle, C.M Weaver, L.D McCabe, G.P McCabe, C.C Johnston, D 

Teegarden, Peak spine and femoral neck bone mass in young women, Bone, Volume 32, 

Issue 5, 2003, Pages 546-553, ISSN 8756-3282, https://doi.org/10.1016/S8756-

3282(03)00062-0. 

20. Dempster DW, Cosman F, Parisien M, et al. Anabolic actions of parathyroid hormone on 

bone. Endocr Rev 1993; 14:690 

21. Parfitt, A.M., Rao, D.S., Stanciu, J. et al. Irreversible bone loss in osteomalacia. 

Comparison of radial photon absorptiometry with iliac bone histomorphometry during 

treatment. Journal of Clinical Investigation. 1985; 76: 2403-2412 

22. Lips, P. Vitamin D deficiency and secondary hyperparathyroidism in the elderly: 

consequences for bone loss and fractures and therapeutic implications. Endocrine 

Reviews. 2001; 22: 477-501 

https://doi.org/10.1016/S8756-3282(03)00062-0
https://doi.org/10.1016/S8756-3282(03)00062-0


 29 

 

23. Ghishan, F. K., & Kiela, P. R. (2011). Advances in the understanding of mineral and 

bone metabolism in inflammatory bowel diseases. American Journal of Physiology - 

Gastrointestinal and Liver Physiology, 300(2), G191–G201. 

http://doi.org/10.1152/ajpgi.00496.2010 

24. Lips, P., & Van Schoor, N. M. (2011). The effect of vitamin D on bone and osteoporosis. 

Best Practice & Research. Clinical Endocrinology & Metabolism, 25(4), 585-591. 

doi:10.1016/j.beem.2011.05.002 

25. Palmieri GM, Pitcock JA, Brown P, Karas JG, Roen LJ. Effect of calcitonin and vitamin 

D in osteoporosis. Calcif Tissue Int. 1989;45:137–41. 

26. Soyka LA, Fairfield WP, Klibanski A. Hormonal determinants and disorders of peak 

bone mass in children. J Clin Endocrinol Metabol 2000;85(11):3951-63. 

27. Ward LM. Osteoporosis due to glucocorticoid use in children with chronic illness. Horm 

Res 2005;64:209-21. 

28. Agrawal, M., Arora, S., Li, J. et al. Curr Osteoporos Rep (2011) 9: 251. 

https://doi.org/10.1007/s11914-011-0077-9 

29. Manolagas SC. Birth and death of bone cells: basic regulatory mechanisms and 

implications for the pathogenesis and treatment of osteoporosis. Endocr Rev 2000; 

21:115. 

30. Manolagas SC, Kousteni S, Jilka RL. Sex steroids and bone. Recent Prog Horm Res 

2002; 57:385. 

31. Veldhuis JD, Roemmich JN, Richmond EJ, et al. Endocrine control of body composition 

in infancy, childhood, and puberty. Endocr Rev 2005; 26:114. 

https://doi.org/10.1007/s11914-011-0077-9


 30 

 

32. Butler AA, Le Roith D. Control of growth by the somatropic axis: growth hormone and 

the insulin-like growth factors have related and independent roles. Annu Rev Physiol 

2001; 63:141. 

33. Abu EO, Bord S, Horner A, et al. The expression of thyroid hormone receptors in human 

bone. Bone 1997; 21:137. 

34. Lakatos P, Foldes J, Horvath C, et al. Serum interleukin-6 and bone metabolism in 

patients with thyroid function disorders. J Clin Endocrinol Metab 1997; 82:78. 

35. Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort, PM, Kirschner BS, Griffiths AM, 

Katz, AJ, Grand RJ, Boyle, JT, Michener WM ,Levy JS & Lesser ML (1991). 

Development and Validation of a Pediatric Crohn’s Disease Activity Index. Journal of 

Pediatric Gastroenterology and Nutrition. (12): 439 – 447. 

36. Loonen HJ, Griffiths AM, Merkus MP & Derkx HH. (2003) A Critical Assessment of 

Items on the Pediatric Crohn’s Disease Activity Index. Journal of Pediatric 

Gastroenterology and Nutrition (36): 90 – 95. 

37. Hyams J, Markowitz J, Otley A, Rosh J, Mack D, Bousvaros A, Kugathasan S, 

Pfefferkorn M, Tolia V, Evans J, Treem W, Wyllie R, Rothbaum R, del Rosario J, Katz 

A, Mezoff A, Oliva-Hemker M, Lerer T, and Griffiths A ( 2005). Evaluation of the 

Pediatric Crohn Disease Activity Index: A Prospective Multicenter Experience. Journal 

of Pediatric Gastroenterology and Nutrition (41): 416 – 421. 

38. Turner, D, Otley, AR, Mack D, Hyams, J, De Bruijne, J, Uusoue K, Walters TD, Zachos 

M, Mamula P, Beaton, DE, Steinhart, AH, Griffiths, AM (2007). Development, 

validation, and Evaluation of a Pediatric Ulcerative Colitis Activity Index: A Prospective 

Multicenter Study. Gastroenterology (133): 423 - 432.  



 31 

 

39. Turner D, Hyams J , Markovitz J, Lerer T, Mack DR, Evans J, Pfefferkorn M, Rosh J, 

Kay K, Crandall W, Keljo D, Otley AR, Kugathasan S, Carvalho R, Oliva-Hemker M, 

Langton C, Mamula P, Bousvaros A, Leleiko N & Griffiths, AM (2009). Appraisal of the 

Pediatric Ulcerative Colitis Activity Index (PCUAI). Inflammatory Bowel Disease. (15): 

1218-1223.  

40. J. Filippi, R. Al-Jaouni, S. Schneider, Nutritional consequences and nutrition therapy in 

Crohn’s disease, Volume 1520, Issue 1003, 06/2009, Pages 1-S244, ISSN 0399-8320, 

http://dx.doi.org/10.1016/S0399-8320(09)73159-8 

41. Driscoll RH Jr, Meredith SC, Sitrin M, Rosenberg IH. Vitamin D deficiency and bone 

disease in patients with Crohn's disease. Gastroenterology 1982; 83:1252  

42. Leichtmann GA, Bengoa JM, Bolt MJ, Sitrin MD. Intestinal absorption of cholecalciferol 

and 25-hydroxycholecalciferol in patients with both Crohn's disease and intestinal 

resection. Am J Clin Nutr 1991; 54:548 

43. Gokhale R, Favus MJ, Karrison T, et al. Bone mineral density assessment in children 

with inflammatory bowel disease. Gastroenterology 1998; 114:902 

44. Cushing H. The Basophil Adenomas of the Pituitary body and their clinical 

manifestations. Bulletin of the John Hopkins Hospital. 1931;3:137-195 

45. Baron J, Huang Z, Oerter KE, et al. Dexamethasone acts locally to inhibit longitudinal 

bone growth in rabbits. Am J Physiol. 1992;263:E489-42 

46. Canalis E, Mazziotti G, Giustina A, Bilezikian JP. Glucocorticoid-induced osteoporosis: 

pathophysiology and therapy. Osteoporos Int 2007; 18:1319. 



 32 

 

47. Weinstein RS, Jilka RL, Parfitt AM, et al. Inhibition of osteoblastogenesis and promotion 

of apoptosis of osteoblasts and osteocytes by glucocorticoids. Potential  mechanisms of 

their deleterious effect on bone. The Journal of Clinical Investigation. 1998;102:274-282 

48. Khosla S. Minireview: the OPG/RANKL/RANK system. Endocrinology 2001; 142:5050. 

49. Paganelli M et al. Inflammation is the main determinant of low bone mineral density in 

pediatric inflammatory bowel disease. Inflamm Bowel Dis. 2007;13(4):416–23. 

50.  Issenman RM, Atkinson SA, Radoja C, et al. Longitudinal assessment of growth, 

mineral metabolism, and bone mass in pediatric Crohn's disease. J Pediatr Gastroenterol 

Nutr.1993;17:401-406 

51. Bernstein CN, Leslie WD, Leboff MS. AGA technical review on osteoporosis in 

gastrointestinal diseases. Gastroenterology 2003; 124:795. 

52. Weiss RJ, Wick MC, Ackermann PW, Montgomery SM. Increased fracture risk in 

patients with rheumatic disorders and other inflammatory diseases—a case-control study 

with 53,108 patients with fracture. J Rheumatol. 2010;37(11):2247–50. 

53. Ghosh S, Cowen S, Hannan WJ, Ferguson A. Low bone mineral density in Crohn's 

disease, but not in ulcerative colitis, at diagnosis. Gastroenterology 1994; 107:1031. 

54. Bjarnason I, Macpherson A, Mackintosh C, et al. Reduced bone density in patients with 

inflammatory bowel disease. Gut 1997; 40:228. 

55. Ward LM, Rauch F, Matzinger MA, Benchimol EI, Boland M, Mack DR. Iliac bone 

histomorphometry in children with newly diagnosed inflammatory bowel disease. 

Osteoporos Int. 2010;21:331–7 



 33 

 

56. Oostlander AE et al. Dutch Initiative on Crohn and Colitis (ICC). Histomorphometric 

analysis reveals reduced bone mass and bone formation in patients with quiescent 

Crohn’s disease. Gastroenterology. 2011;140(1): 116–23. 

57. Ashcroft AJ et al. Colonic dendritic cells, intestinal inflammation, and T cell-mediated 

bone destruction are modulated by recombinant osteoprotegerin. Immunity. 

2003;19(6):849–61. 

58. Ali T, Lam D, Bronze MS, Humphrey MB. Osteoporosis in inflammatory bowel disease. 

Am J Med 2009; 122:599. 

59. Agrawal M, Arora S, Li J, et al. Bone, inflammation, and inflammatory bowel disease. 

Curr Osteoporos Rep 2011; 9:251. 

60. Kumar S, Votta BJ, Rieman DJ, Badger AM, Gowen M, Lee JC. IL-1- and TNF-induced 

bone resorption is mediated by p38 mitogen activated protein kinase. J Cell Physiol. 

2001;187(3):294–303. 

61. Axmann R, Böhm C, Krönke G, Zwerina J, Smolen J, Schett G. Inhibition of interleukin-

6 receptor directly blocks OC formation in vitro and in vivo. Arthritis Rheum. 

2009;60(9):2747–56. 

62. Garnero P, Thompson E, Woodworth T, Smolen JS. Rapid and sustained improvement in 

bone and cartilage turnover markers with the anti-interleukin-6 receptor inhibitor 

tocilizumab plus methotrexate in rheumatoid arthritis patients with an inadequate 

response to methotrexate: results from a substudy of the multicenter double-blind, 

placebo-controlled trial of tocilizumab in inadequate responders to methotrexate alone. 

Arthritis Rheum. 2010;62(1):33–43. 



 34 

 

63. Miheller P et al. Changes of OPG and RANKL concentrations in Crohn’s disease after 

infliximab therapy. Inflamm Bowel Dis. 2007;13(11):1379–84 

64. Moschen AR, Kaser A, Enrich B, et al. The RANKL/OPG system is activated in 

inflammatory bowel disease and relates to the state of bone loss. Gut 2005; 54:479. 

65. Azooz OG, Farthing MJ, Savage MO, Ballinger AB. Delayed puberty and response to 

testosterone in a rat model of colitis. Am J Physiol Regul Integr Comp Physiol 2001; 

281:R1483. 

66. Quint AR, Kaiser FE. Gonadotropin determinations and thyrotropin-releasing hormone 

and luteinizing hormone-releasing hormone testing in critically ill postmenopausal 

women with hypothyroxinemia. J Clin Endocrinol Metab 1985; 60:464. 

67. Rauch F, Plotkin H, DiMeglio L, et al. Fracture prediction and the definition of 

osteoporosis in children and adolescents: the ISCD 2007 Pediatric Official Positions. J 

Clin Densitom. 2008;11:22-28  

68. Baim S, Leonard MB, Bianchi ML, et al. Official Positions of the International Society 

for Clinical Densitometry and executive summary of the 2007 ISCD Pediatric Position 

Development Conference. J Clin Densitom 2008; 11:6. 

69. Writing Group for the ISCD Position Development Conference. Diagnosis of 

osteoporosis in men, premenopausal women, and children. J Clin Densitom 2004; 7:17. 

70. Mazess RB, Barden HS. Bone densitometry for diagnosis and monitoring osteoporosis. 

Proc Soc Exp Biol Med 1989;191:261–271. 

71. Adams JE, Shaw N, eds. A practical guide to bone densitometry in children. Bath: 

National Osteoporosis Society, 2004 (position statement). 



 35 

 

72. Crabtree NJ, Leonard MB, Zemel BS. Dual-Energy X-Ray Absorptiometry. In: Bone 

Densitometry in Growing Patients Guidelines for Clinical Practice Edited by A E 

Sawyer, L K Bachrach, E B Fung. Humana Press, Totowa, NJ. 2007:41- 57 

73. Susanne, S. (2013). Bone mineral density and fractures in pediatric inflammatory bowel 

disease. Bone Abstracts. doi:10.1530/boneabs.2.is12 

74. Bianchi ML, Baim S, Bishop NJ, et al. Official positions of the International Society for 

Clinical Densitometry ISCD) on DXA evaluation in children and adolescents [conference 

report]. Pediatr Nephrol 2010; 25:37-47. 

75. Ward KA, Mughal Z, Adams JE. Tools for Measuring Bone in Children and Adolescents. 

In: Bone Densitometry in Growing Patients Guidelines for Clinical Practice Edited by A 

E Sawyer, L K Bachrach, E B Fung. Humana Press, Totowa, NJ. 2007:15-40 

76.  Nelson D, Koo W. Interpretation of absorptiometric bone mass measurements in the 

growing skeleton: issues and limitations. Calcif Tissue Int 1999;65:1–3. 

77.  Langton CM, Palmer SB, Porter RW. The measurement of broadband ultrasonic 

attenuation in cancellous bone. Eng Med 1984;13:89–91. 

78.  Fielding KT, Nix DA, Bachrach LK. Comparison of calcaneus ultrasound and dual x-ray 

absorptiometry in children at risk of osteopenia. J Clin Densitom 2003;6:7–15. 

79. XiaoDan Yu, Jun Zhang, Chonghui Yan, Xiaoming Shen, Relationships between serum 

25-hydroxyvitamin D and quantitative ultrasound bone mineral density in 0–6 year old 

children, Bone,Volume 53, Issue 1,2013,Pages 306-310,ISSN 8756-3282. 

https://doi.org/10.1016/j.bone.2012.12.012. 

80. Prentice A, Schoenmakers I, Laskey MA, et al. Nutrition and bone growth and 

development. Proc Nutr Soc. 2005;65:348- 360   



 36 

 

81. Gokhale R, Favus MJ, Karrison T, et al. Bone mineral density assessment in children 

with inflammatory bowel disease. Gastroenterology. 1998;114:902-911  

82. Sylvester FA, Wyzga N, Hyams JS, et al. Natural history of bone metabolism and bone 

mineral density in children with inflammatory bowel disease. Inflamm Bowel Dis. 

2007;13:42-50   

83. Abdallah, E. A. A., Said, R. N., Mosallam, D. S., Moawad, E. M. I., Kamal, N. M., & 

Fathallah, M. G. .-D. (2016). Serial serum alkaline phosphatase as an early biomarker for 

osteopenia of prematurity. Medicine, 95(37), e4837. 

http://doi.org/10.1097/MD.0000000000004837 

84. Buckley, L., Guyatt, G., Fink, H. A., Cannon, M., Grossman, J., Hansen, K. E., . . . 

Mcalindon, T. (2017). 2017 American College of Rheumatology Guideline for the 

Prevention and Treatment of Glucocorticoid-Induced Osteoporosis. Arthritis & 

Rheumatology, 69(8), 1521-1537. doi:10.1002/art.40137 

85. Robinson RJ, Krzywicki T, Almond L, et al. Effect of a low-impact exercise program on 

bone mineral density in Crohn's disease: a randomized controlled trial. Gastroenterology 

1998; 115:36. 

86. Bernstein CN, Seeger LL, Anton PA, et al. A randomized, placebo-controlled trial of 

calcium supplementation for decreased bone density in corticosteroid-using patients with 

inflammatory bowel disease: a pilot study. Aliment Pharmacol Ther 1996; 10:777. 

87. Vogelsang H, Ferenci P, Resch H, et al. Prevention of bone mineral loss in patients with 

Crohn's disease by long-term oral vitamin D supplementation. Eur J Gastroenterol 

Hepatol 1995; 7:609. 



 37 

 

88. Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of estrogen plus 

progestin in healthy postmenopausal women: principal results From the Women's Health 

Initiative randomized controlled trial. JAMA 2002; 288:321. 

89. van Hogezand RA, Hamdy NA. Skeletal morbidity in inflammatory bowel disease. Scand 

J Gastroenterol Suppl 2006; :59. 

90. Pappa, H., Thayu, M., Sylvester, F., Leonard, M., Zemel, B., & Gordon, C. (2011). ‘A 

CLINICAL REPORT ON SKELETAL HEALTH OF CHILDREN AND 

ADOLESCENTS WITH INFLAMMATORY BOWEL DISEASE”. Journal of Pediatric 

Gastroenterology and Nutrition, 53(1), 11–25. 

http://doi.org/10.1097/MPG.0b013e31821988a3 

91. Hoyer-Kuhn, H., Netzer, C., Koerber, F., Schoenau, E., & Semler, O. (2014). Two years’ 

experience with denosumab for children with Osteogenesis imperfecta type VI. Orphanet 

Journal of Rare Diseases, 9, 145. http://doi.org/10.1186/s13023-014-0145-1 

 

 

 

 

 

 

 

 

 



 38 

 

10.   Biography 

Lea Bach-Bachich is a soon to be graduate of the 6-year medical program at the 

University of Zagreb School of Medicine in Croatia. She was born and raised in Westchester 

County, New York. From a young age Lea always had an interest in science and in the last few 

years of her high school began taking advanced science courses to help her build a good 

foundation of the natural sciences before pursuing her medical school career. Now after passing 

6 years worth of pre-clinical and clinical courses she is ready to continue her educational journey 

in medicine as a practicing physician. 

 

 

 

 


