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Abstract: Introduction: Hemophilia is a bleeding disorder that carries the risk of repeated 
heamoarthropathy which paves for imobilization that acts as a risk factor for osteopenia/osteoporosis 
and eventually possible repeated fractures. Thus our aim was to evaluate the bone mineral density of 
our hemophilic Egyptian children and correlating it to joint state and bone formation in order to avoid 
possible future fracture. Methods and results: The study includes 20 hemophilia A patients (HBV and 
HCV – ve).of age range from 4-17y mean 8.25+4.172yvs 16 controls of same age and same ethnic 
group. Evaluation of BMD by Dual Energy X-ray Absorptiometry (DEXA) system and serum 
estimation of bone forming marker osteocalcin proved that there was a significant difference between 
the patients and controls BMD Z–score (-0.83+1.3vs0.48+0.90) p<0.032, osteocalcin 
(20.7+3.09vs17.3+4.18) p<0.007. Also there was a significant inverse correlation between the Z score 
and the frequency of bleeds p(0.003) and target joint score p(<0.001). Also there was a direct 
significant correlation between Z score and the osteocalcin level p(<0.001). Conclusion: It was found 
that hemophilic children suffers osteopenic changes due to recurrent hemoarthropathy .Its 
recommended to give sufficient replacement therapy to delay handicapping and to supply patient with 
biphosphonate and calcium together with early physiotherapy following adequate replacement therapy. 
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INTRODUCTION 

 
 Patients with hemophilia, the second most common hereditary bleeding disorder, may be at risk for 
developing reduced bone density in childhood and adolescence due to recurrent hemoartherosis and 
immobilization. Though the quality of life in these patients has improved significantly in western countries, 
studies have shown that the overall joint range-of-motion is affected in almost 85% of patients with severe 
hemophilia A (Michael Soucie J et al., 2004).Patients with established changes of hemophilic arthropathy, 
characterized by pain, swelling and joint instability, are even less likely to participate in sporting activities and 
may be ,at particular risk for reduced bone density. Children with severe hemophilia may be less likely to 
participate in weight-bearing, high-impact exercise (Wallny TA, et al., 2007). 
 Osteoporosis is a systemic disease characterized by low bone mass and micro-architectural deterioration of 
bone tissue, resulting in an increased risk of fracture. While the level of bone mass can be estimated by 
measuring bone mineral density (BMD) using dual X-ray absorptiometry (DXA), its measurement does not 
capture all the risk factors for fracture. Quantitative changes in skeletal turnover can be assessed easily and non- 
invasively by the measurement of serum biochemical markers: one of the most sensitive markers is serum 
osteocalcin. (Pagani F, et al., 2005). 
 Osteocalcin is the major non-collagenous matrix protein of bone. It is synthesized by mature osteoblasts, 
odontoblasts and hypertrophic chondrocytes and partly incorporated in the bone matrix while the rest is found in 
circulation. It is considered as an indicator of bone formation Bone turnover markers (formation and resorption) 
are helpful in predicting the rate of bone loss and in assessing the risk for bone fracture.-- When assessing risk, 
the combined use of BMD and bone turnover markers is more effective than use of either risk factor alone. 
(Vaita R et al., 2010,Pagani F, et al., 2005). The major advantages of using osteocalcin as a clinical index of 
bone turnover are its tissue specificity, its wide availability and its relatively low within-person variation. In 
general, serum levels are elevated in patients with diseases characterized by a high bone turnover rate and the 
serum levels reflect the expected changes in bone formation following surgical and therapeutic intervention. It is 
considered as an indication of bone formation .Osteocalcin which normally ranges 11-43ng/ml was found to be 
reduced in several studies concerned with bone mineral density Serum osteocalcin is considered a specific 
marker of osteoblast function, as its levels correlate with the bone formation rate. Serum levels are increased in 
elderly men (>60 years) and postmenopausal women. Osteocalcin decreases in response to successful 
osteoporosis therapy. (Vaita R et al., 2010). 
 The aim of this study is to assess the bone mineral density in children with hemophilia and to correlate bone 
density with osteocalcin level and to clinical severity of findings regarding  target joints affection . 
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Consequently, those patients at highest risk for fracture could  be given close care and adjuvant therapy aiming 
at minimizing that risk during adult life. 
 
Patients and Methods: 
 This is a case control study carried out on 20 Egyptian hemophilia  patients compared to 16 age matched 
healthy controls after exclusion of any case with morbid obesity, cerebral palsy or B & C-virus infection. All 
patients in the study were subjected to complete history taking including the severity of factor deficiency 
,commonest joints affected and frequency of bleeds per month for target joint examined. The number of 
exposure days to the on demand replacement therapy and its type was recorded. Patients were subjected to full 
clinical examination allocating sites of frequent bleeds and focusing on the target joints which were examined 
and evaluated according to the Orthopedic Advisory Committee of The World Federation of Hemophilia joint 
score (Table 1) (J. Hamel et al., 988) Normal joint score is supposed to be 0.The score is expressed in a value 
ranging from 0-15 according to degree of pain ,motion ,swelling ,muscle atrophy, flexion contracture ,axial 
deformity crepitus on motion and instability. The higher the joint score the more is the decrease of its mobility 
and the more the possibility of handicapping. 
 
Table 1: Clinical valuation score of hemophilic arthropathy according to the Orthopaedic Advisory Committee of the World ederation of 

Hemophilia. 
Clinical Sign Score (Points) 
Chronic Pain 0- 3 
Range of Motion 0- 2 
Flexion contracture 0- 2 
Swelling (Chronic Synovitis) 0/ 2 
Muscle Atrophy 0- 1 
Axial Deformity 0- 2 
Creptus on Motion 0/ 1 
Instability 0- 2 
Possible Join Score 0- 15 

 

 Anthropometric measurements were done to all cases and controls. To facilitate interpretation of patient and 
control anthropometric data, the values for weight, height and BMI were converted to z-scores by using United 
States revised growth chart DEXA (Dual Energy X ray abosorptiometry) scanning was done for all patients and 
controls on lumbar spine region focusing on L2 to L4. It is the most preferable site in the spine, as measurements 
in the thoracic spine are complicated by air in the lungs which alters the soft tissue baseline and the presence of 
the ribs and sternum overlying the scan field (Peel et al., 1993). The discovery package for QDR x ray ( Bone 
Densitometers) is indicated for estimation of bone mineral density (BMD). Comparison of measured variables 
obtained from a given QDR scan to a database reference values, the estimation of fracture risk, vertebral 
deformities assessment, body composition analysis and discrimination of bone from prosthesis using this 
Hologic QDR X-ray Bone densitometers are done. The bone mineral density is expressed in the form of Z score. 
The Z score is the difference between the patient's BMD and that of age and sex and ethnicity matched peers 
.The reference graph allows the comparison of patient data to young normal adults and to an age matched 
control. The standard deviation appears shaded in different colours. If the patient's data point is outside the 
coloured graph. It is shown as a red cross inside a circle. The source of the reference curve and sores is shown 
below the graph. Z score from -0 up to 0.9 is considered  normal and from -1 up to -2.5 is considered osteopenia 
and above -2.5 is osteoporosis. (Munoz Torres et al., 1996) The DXA apparatus also offers the fracture risk 
which is increased according to the WHO classification ie. osteoporosis.  
 Osteocalcin -which indicates a diminished osteoblastic bone formation activity- serum level was estimated 
for the 20 patients and the 16 age matched controls. Immunoradiometeric assay kit is used in the in vitro 
quantitative measurement of human intact osteocalcin in serum .Immunoradiometeric assay kit is used in the in 
vitro quantitative measurement of human intact osteocalcin in serum (OST).It normally ranges 11-43ng/ml and 
used as a biochemical marker of bone formation was found to be reduced in several studies concerned with bone 
mineral density in hemophilic children. (Lewiecki EM et al., 2009). 
 Data of patients and controls were statistically described in terms of range, mean  standard deviation ( 
SD), median, frequencies (number of cases) and percentages when appropriate. Comparison of quantitative 
variables between the study groups was done using Mann Whitney U test for independent samples. p values less 
than 0.05 was consideqred statistically significant. All statistical calculations were done using computer 
programs Microsoft Excel 2007 (Microsoft Corporation, NY, USA) and SPSS (Statistical Package for the Social 
Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows. 
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RESULTS AND DISCUSSION 
 

 The study includes 20 hemophilia A patientsThe age range is 4-17y with mean of 8.25y+4.179 .Eight 
patients diagnosed as severe hemophilia A (<1%FVIII) and 12 as moderate A hemophilia (1-5%FVIII).Due to 
the repeated bleeding they developed chronic hemoarthrosis in their joints with increased frequency in particular 
joint i.e specified target joints were they were specified to be (4 elbow joint,4ankle and 12 knee joint).The 
patients and controls (16 children of same age and ethnic group) data are presented in tables (2) including age 
,number of exposures to replacement therapy transfusions (Factor VIII rich cryoprecipitate or plasma derived 
factor VIII concentrates) received per month-as treatment for bleeds ,target joint score and osteocalcin level 
.Fifteen of our patients 75% were treated with cryoprecipitate while 5 patients 25% received plasma derived 
factor concentrates according to their body weight. 
 The table compares patients’ data vs those of controls. No significant difference is evident between the 
patients and the control concerning age as they were all chosen of the same age group (1-18),anthropometric 
measures and body mass index BMI being more or less from same socioeconomic and environmental class. 
However concerning osteocalcin and Z score a significant difference between patients and the age matched 
controls.  
 
Table 2: (Descriptive data). 

Group  Age Wt Ht BMI Osteocalcin Z score 
Cases Mean 8.25 29.55 127.90 16.710 20.75 -0.830 

N 20 20 20 20 20 20 
Std. Deviation 4.179 16.481 20.094 3.4168 3.09 1.2958 
Minimum 4 15 105 12.6 12 -2.7 
Maximum 17 80 173 26.7 27 0.9 
Median 7.50 25.50 123.50 16.250 20.50 -0.650 

Controls Mean 6.63 28.06 125.00 16.925 17.13 0.475 
N 16 16 16 16 16 16 
Std. Deviation 2.729 13.526 22.121 2.0158 4.18 0.9030 
Minimum 4 17 99 14.4 11 -0.4 
Maximum 12 52 165 20.5 23 2.0 
Median 5.50 22.50 120.50 16.750 18.5 0.250 

p value 0.302 0.975 0.545 0.407 0.007 0.032 

 
Table 3: Correlations Z score vs variables. 

 Z score 
Spearman's rho Age Correlation Coefficient -0.722 

Sig. (2-tailed) <0.001  
N 20 

Freq.Bl. Correlation Coefficient -0.630 
Sig. (2-tailed) 0.003 
N 20 

J. Score Correlation Coefficient -0.806 
Sig. (2-tailed) <0.001  
N 20 

Osteocalcin Correlation Coefficient 0.706 
Sig. (2-tailed) <0.001  
N 20 

 
 Table (3) and the fig. shows the correlation between the Z score and the age p(<0.001), the no of bleeds per 
month, target joint score and serum osteocalcin. We found that there is significant negative correlation with age 
p(<0.00 ),with frequency of bleeds p(0.003), target joint score p<(0.001) and significant positive correlation to 
osteocalcin serum level p(<0.001).  
 

 
 
Fig. 1: Correlation between z score and age, no. of bleeds, joint score and osteocalcin among the study case. 
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Discussion: 
 Our 20 patients were selected from those suffering repeated attacks of hemoarthropathy (severe and 
moderate hemophilia A) in children age group (4-17y). Most of previous studies were concerned with adult and 
old hemophiliacs attributing that the strongest predictor of significant bone loss in patients with hemophilia is 
recurrent joint bleeds in hemophilia patients. Several publications report the prevalence of osteoporosis in adults 
with hemophilia to be in the range of 25% and 50%. (Tlacuilo-Parra A et al., 2008, Katsarou O et al., 2009 ) 
The patients in our study show decreased bone mineral density as Z score mean is -0.83+1.295. The severity of 
hemophilic joint arthropathy in developing countries as ours , maybe due to that the patients face numerous 
difficulties following bleeds because of non availability and non affordability of adequate factor replacement 
therapy. The problem concerning our patients is that the insufficient replacement therapy for repeated 
hemoarthropathy aggravated the handicapping and immobilization thus establishing a possible major risk factor. 
The resulting chronic arthropathy in almost all severely affected patients as seen in our patients can lead to 
prolonged convalescence, decreased range of motion, chronic pain and fear of future bleeding, resulting in 
decreased activity We observed significant decrease in bone mineral density of all the hemophilia patients 
compared to normal healthy controls with mean of Z score (0.475+0.9). Due to the similarity of socioeconomic 
circumstances with another Egyptian study held at Mansoura University, they obtained similar results of 
decreased in BMD within hemophilia A children age group. (N. Abdelrazik et al., 2010). 
 Our study also shows strong negative correlation  between the frequency of joint bleeds and Z score i.e. 
diminished bone density p<0.003 as we have seen that the higher frequency of bleed the less is the Z score. 
Consequently it also  shows strong significant negative correlation with the degree of target joint affection(joint 
score) p<0.001 as with higher target joint scores the more is the aggravation of the handicapping and the 
immobilization which aggravates the osteopenic changes. Similar results were achieved by Tlacilou et al 2008 
and Ursa et al 2010 where it was concluded that prolonged immobilization and the reduction in weight bearing 
activities play an important role in the pathogenesis of osteopenia in these patients levels both as children and 
adults .Due to the importance of weight bearing exercise in reaching peak BMD as well as slowing the rate of 
bone loss in adults, lack of exercise may largely contribute to the low BMD found in patients with hemophilia 
.Also many other studies proved these findings where decrease in bone mineral density in late childhood and 
early adolescence is most critical in the development of osteoporosis with aging. Eventually weight bearing 
exercises are most important in acquiring adequate bone mass in childhood  than non weight bearing exercises( 
Lui H, et al., 2008). Other studies of causes of prolonged immobilization as neurological disorders proved 
incidence of low bone mineral density in children (Henderson et al., 2002). 
 Ostoecalcin used as bone marker for bone formation, though that all its values in both our patients and 
controls were within the low values of normal range, yet it showed a positive significant relation to the BMD -Z 
score p<0.0001. The fact that due to decreased proper nutritional habits of some of our patients and controls 
they may share decreased bone formation activity. Moreover osteocalcin levels may show variations and periods 
of serum level increase in patients with repeated turnovers as our patients with repeated attacks of arthropathies 
followed by recovery periods. (Lewiecki EM, et al., 2008) Our results showed that low osteocalcin levels 
predominated in the group with low BMD, which indicates a diminished osteoblastic bone formation activity. 
Olga Katasuru et al 2009 and Tlacuilo-parra,A.2011had similar results when evaluating BMD in hemophilia 
patients suffering repeated hemoarthropathy. 
 In our study, the presence of osteopenia arthropathy, is evaluated by the total joint clinical ,BMD (Z score) 
and confirmed by bone formation biochemical marker ;osteocalcin. Hemophilic arthropathy has an independent 
prognostic value for the development of bone loss in our patients specially that our patients were included on 
basis of being HBV and HCV –ve to abolish their risk factor on incidence of osteoporosis (Katsarou O et al., 
2009; Theophanis Adraktas et al., 2009). Also morbid obesity and neurological diseases were excluded . This 
relation could be explained by the reduced weight-bearing activity and prolonged immobilization in patients 
with more frequent bleeding episodes that lead to more severe arthroplacemeropathy. The problem concerning 
our patients is that the insufficient replacement therapy for repeated hemoarthropathy aggravated the 
handicapping and immobilization thus establishing a  possible risk factor. (Henderson R. et al., 2002). 
 We conclude that there is a high prevalence of osteoporosis among hemophiliacs, which is related to the 
severity of arthropathy time. This probably is due a high bone resorption that seems not to be balanced by a 
comparable bone formation. These findings have important implications in the management of hemophilia. A 
number of therapies exist for patients with reduced bone density. (Gerstner G, et al., 2009). High impact 
exercise has shown the most beneficial effect especially in children. Developing such high impact exercise 
programs to treat low bone density among patients with severe hemophilia may be difficult as most of our 
patients have crippling arthropathies .However, early mobilization after adequate factor  replacement therapy 
and continuation of regular physiotherapy program should be emphasized. Calcium and vitamin D 
supplementation has shown to increase spinal BMD in children. Bisphosphonate therapy has been effective for 
treatment of osteoporosis in postmenopausal patients but a number of issues (including the optimal dose and 
duration of therapy) need to be resolved. (Lewiecki EM, et al., 2009). 
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 More over it is highly recommended that hemophiliacs at high risk of acquiring osteoporosis should receive 
his needs of replacement therapy  and those  of young age should be shifted to prophylaxis regimen to save them 
the tragic destiny of immobilization and fear of fracture.  
 

REFERENCES 
 

Abdelrazik, N., M. Reda, M. El-Ziny and H. Rabea, 2008. Evaluation of Bone Mineral Density in Children 
with Hemophilia . The Internet Journal of Pediatrics and Neonatology. Volume 8 Number 10. 

Faulkner, K.G., 2001. Update on Bone Density Measurement Rheumatic Diseases Clinic of North America 
27(1): 81-99. 

Gerstner, G., M.L. Damiano, A. Tom, et al., 2009. Prevalence and risk factors associated with decreased 
bone mineral density in patients with haemophilia. Haemophilia, 15: 559-565. 

Hamel, J., H. Pohlmann and W. Schramm, Skeletal Radiology Radiological evaluation of chronic 
hemophilic arthropathy by the Pettersson score: problems in correlation in adult patients -Skeletal Radiology, 
DOI: 10.1007/BF00361453 Articles, 7(1): 32-36 

Henderson, R., R. Lark, M. Gurka, et al., Bone density and metabolism in children and adolescents with 
moderate to severe cerebral palsy. Pediatrics, 110(5): 785-795. 

Katsarou, O., E. Terpos, P. Chatzismalis, S. Provelengios, T. Adraktas, D. Hadjidakis, A. Kouramba, A. 
Karafoulidou, 2009. Increased bone resorption is implicated in the pathogenesis of bone loss in hemophiliacs: 
correlations with hemophilic arthropathy and HIV infection. Ann Hematol. Epub ahead of print. 

Lewiecki, E.M., S. Baim, J.P. Bilezikian, R. Eastell, M.S. LeBoff, P.D. Miller, 2008. Santa Fe Bone 
Symposium: update on osteoporosis. J Clin Densitom. Apr-Jun 2009; 12(2): 135-57. Medline. 

Lui, H., N.M. Paige, C.L. Goldzweig, et al., 2008. Screening for osteoporosis in men: a systemic review for 
an American College of Physicians guideline. Ann Intern Med, 148: 685-702. 

Michael Soucie, J., L. Christy Cianfrini, Robert, et al., 2004. Joint range-of-motion limitations among 
young males with hemophilia: Prevalence and risk factors. Blood 103: 2467-2473 (discussion). 

Munoz-Torres, M., E. Jodar, F. Escobar-Jimenez, P.J. Lopez-Ibarra, J.D. Luna, 1996. Bone mineral density 
measured by dual X-ray absorptiometry in Spanish patients with insulin dependent diabetes mellitus. Calcif 
Tissue Int., 58(5): 316-9.  

Pagani, F., C.M. Francucci, L. Moro, 2005. Markers of bone turnover: biochemical and clinical 
perspectives. , J Endocrinol Invest., 28(10 Suppl): 8-13. 

Theophanis Adraktas and Dimitrios, Hadjidakis and Anna Kouramba and Anastasia Karafoulidou, 2009. 
Increased bone resorption is implicated in the pathogenesis of bone loss in hemophiliacs: correlations with 
hemophilic arthropathy and HIV infection Ann Hematol. Epub ahead of print Received: 21 October 2008 / 
Accepted: / Published online.  

Tlacuilo-parra, A., J. Villela-rodríguez, R. Garibaldi-covarrubias, J. Soto-padilla and J. orozco-alcala, 2011. 
bone turnover markers and bone mineral density in children with haemophilia. Haemophilia, 17: no. 
Doi: 10.1111/j.1365-2516.2010.02439.X. 

Tlacuilo-Parra, A., R. Morales-Zambrano, N. Tostado-Rabago, et al., 2008. Inactivity is a risk factor for 
bone mineral density among haemophilic children. BJH 140: 562-567. 

Ursa Brown-Glaberman1, Michelle Cordoba Kissee2, Mary Lou Damiano1, J. Denise Roe3 and T. Alison 
Stopeck1, 2010. Decreased Bone Mineral Density in Adult Patients with Hemophilia: Clinical Significance, 
Prevalence and Risk Factors .Journal of Coagulation Disorders JCD 000:(000). Month. 

Vanita, R., Jagtap, V. Jayashri, S. Ganu Nitin, P. Nagane, BMD and Serum, 2010. Intact Osteocalcin in 
Postmenopausal Osteoporosis Women , Association of Clinical Biochemists of India Received: 6 February 2010 
/ Accepted, / Published online.  

Wallny, T.A., D.T. Scholz, J. Oldenburg, et al., 2007. Osteoporosis in haemophilia_an underestimated 
comorbidity? Heamophilia, 13: 79-8. 
 
 
 


