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Abstract: Vitamin D is essential in determining bone and muscle health. Vitamin D defi-
ciency (VDD) produces secondary hyperparathyroidism, loss of bone quality and mass, 
mineralization effects and fractures, myopathy, and falls. The avascular necrosis (AVN) 
of the femoral head pathophysiology is still unclear and can be considered a vascular bone 
disease. Our paper aimed to evaluate the etiology of AVN in a young male with bilateral 
femoral neck damage who required bilateral arthroplasty. Method: We present the case 
of a 46-year-old male patient with VDD and bilateral total hip arthroplasty for osteoar-
thritis secondary to AVN of the femoral head. After complete hormonal, biological, and 
imaging evaluations, the diagnosis of primary hyperparathyroidism was not supported; 
the improvement of vitamin D deficiency after eight months of treatment clarified the 
diagnosis: hyperparathyroidism secondary to vitamin D deficiency. Results: Supplemen-
tation with 4000 IU of vitamin D improved the patient’s response to specific rehabilitation 
methods. Conclusions: Severe vitamin D deficiency can secondarily affect the structure of 
the femoral head through secondary hyperparathyroidism, producing AVN, but only os-
teopenia was obtained on DXA evaluation. VDD can be an important etiological factor in 
the occurrence of AVN, and its correction can improve the evolution of the disease, im-
proving the rehabilitation of these patients. 
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1. Introduction 
In determining bone health, calcium, and vitamin D play an essential role. Vitamin 

D deficiency (VDD) in adults leads to low bone mass and increases the risk of falls; hence, 
it predisposes to fractures [1]. 

In severe cases of VDD can appear osteomalacia and muscle weakness and increase 
the risk of fragility fractures. VDD is also a significant risk factor for osteoporotic fractures 
in all age groups, especially among the elderly [2].  

Osteoporosis is a significant public health problem worldwide, with substantial mor-
bidity and mortality. Although spine fractures are usually more frequent, hip fractures 
should also be a considerable complication of osteoporosis. Mild mechanical forces pro-
duce fragility fractures. Decreased bone mineral density (BMD) or osteopenia is a signifi-
cant risk factor, followed by a bone with a low tolerance for low-energy trauma and easily 
breaks [3].  

Deficiency in vitamin D produces secondary hyperparathyroidism, a high bone turn-
over, loss of bone quality and mass, mineralization defects, and fractures. Other conse-
quences of VDD are myopathy and falls. A low-calcium diet may increase the turnover of 
vitamin D metabolites and aggravate VDD [1]. 

AVN is a progressive, multifactorial, and challenging clinical problem of increasing 
severity, affecting mainly the middle-aged male population in the most productive age 
group of 25-50 years. Clinically, AVN of the femoral head is a pathological condition with 
multifactorial etiologies associated primarily with reduced vascular supply to the sub-
chondral bone of the femoral head. As a result, it leads to osteocyte death and progressive 
collapse of the joint surface, followed by degenerative arthritis of the hip joint [4-7]. 

The exact pathomechanism of AVN is still unclear. Each case is probably deter- 
mined by different factors, including underlying conditions or medication that increase 
the likelihood of vessel obstruction, alteration of the osteocyte’s metabolism, and genetic 
factors [8]. 

AVN is an avascular necrosis or aseptic necrosis of the bone, characterized by the 
death of the bone cells due to an impairment of the blood flow in bone. The most frequent 
cause is traumatic but can be non-traumatic and often appears in the hip joint (femoral 
head), but can also occur in other anatomical locations such as the shoulder, knee, and 
ankle [9]. 

The AVN pathophysiology remains unclear but is considered a vascular and bone 
disease. The number of mesenchymal stem cells, like precursors of osteoblastic cells, is 
depressed in patients with osteonecrosis. The proliferation rate of the osteoblastic cells in 
the proximal femur is depressed, so some studies concluded that AVN might be a disease 
of bone cells or bone metabolism [9]. Non-traumatic systemic conditions involved in AVN 
include corticosteroid administration, fat emboli, hemoglobinopathies (sickle cell ane-
mia), systemic lupus erythematosus and alcoholism [10] 

Our paper aimed to evaluate the etiology of AVN in a young male with bilateral 
femoral neck damage who required bilateral arthroplasty on the background of osteo-
penia with the need to combine multiple medical rehabilitation methods. 

2. Results 
The results of the radiological examination and IRM performed pre and postopera-

tively at the first and second cementless total hip arthroplasty are presented below (figure 
1, figure 2, figure 3, figure 4) 
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Figure 1. Anteroposterior radiographs of the hip joints: grade II/III bilateral osteoar-

thritis, secondary to avascular necrosis of the femoral head:  joint space narrowing, sub-
chondral sclerosis of acetabulum , osteophytes, flattening of the femoral head, with  inho-
mogeneous bone structure - sclerosis and changes in bone density. 

 

                          
 
Figure 2 . MRI of the hip joints confirmed bilateral AVN  

                                                            
Figure 3. Anteroposterior radiographs of the hip joints: Left hip arthroplasty                                
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Figure 4. Bilateral cementless total hip arthroplasty  

 
Table 1. Hormonal evaluation for osteopenia etiology 

Hormonal parameters 
 First evaluation Second evaluation 
 

Values 
Reference 

range Values 
Reference 

range 
Free T4 (ng/dL) 0.99 0.58-1.16 1,09 0.58-1.16 
Free T3 (ng/dL) 3.2 2.66-4.37 3,2 2.66-4.37 

Thyroid-stimulating 
hormone (mIU/L) 3.1 0.38-5.33 

3,8 
0.38-5.33 

PTH (pg/mL) 123,7 18,5-88 82,8 18,5-88 
Follicle stimulating 

hormone (IU/L) 10.22 1.27-19.26 
11,09 

1.27-19.26 
Luteinizing hormone 

(IU/L) 6.28 1.24-8.62 
5,99 

1.24-8.62 
Total testosterone 

(ng/dL) 254 175-781 
266 

175-781 
25-OH vitamina D 

(ng/ml) 12, 81  30-100 
30,7 

30-100 
Calcium ionic (ng/mL) 4,87 3,8-4,8 4,76 3,8-4,8 

Calcium total  
(mg/dL) 10,42 8,4-10,2 

10,17 
8,4-10,2 

Cortisol (µg/dL) 10.6 6.7-22.6 12,1 6.7-22.6 
 
Based on laboratory data (table 1): PTH was 123.7pg/mL (normal range 18.5-88), Total 

Calcium was 10.42mg/dL (normal range 8.4-10.2), Ionic Calcium 4.87mg/dL (normal range 
3,8-4,8), thyroid and parathyroid ultrasound (fig 5) and abdominal ultrasound (renal mi-
crolithiasis association), the endocrinological evaluation initially interpreted (on the occa-
sion of the first hospitalization in our rehabilitation department after the first left hip ar-
throplasty), that the bone changes have occurred in the context of primary hyperparathy-
roidism determined by the presence of a possible left parathyroid adenoma. The patient 
was treated with bisphosphonates (acidum risedronicum 35mg/week) just for one month 
because the patient stopped the treatment on his own initiative. 

The dosage of the 25-OH vitamin D level revealed its deficiency (12, 81 ng/ml, aver-
age values = 30-100 ng/mL). The treatment was supplemented with six months of chole-
calciferol 4000 UI/day. 
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Figure 5. Cervical ultrasound (initial evaluation): intensely hypoechoic image in the 

posterior area of the left thyroid lobe, with 1 cm diameter, with a large posterior shadow 
(possibly the parathyroid gland with completely calcified periphery) 

 
Later, after eight months, the patient was reevaluated in our rehabilitation clinic after 

the right hip arthroplasty. Repeated hormonal dosages demonstrated the improvement of 
the previously low vitamin D level by substitution with 4000 IU (30,7ng/ml). Also, the 
serum total calcium level was in normal range (10,17mg/dl) (table1). 

Ultrasound of the cervical area described a mixed formation with a cystic component, 
with some calcifications included, non-vascularized, about 20/14.5/12mm, being inter-
preted by the radiologist as possible parathyroid cystic adenoma or thyroid cyst (fig 6). 

 

 
 

Figure 6. Cervical ultrasound (visit 2) - mixed formation with a cystic component,  
with some calcifications included, non-vascularized, with dimensions of 20/14.5/12mm, in 
the posterior area of the left thyroid lobe (a possible cystic adenoma parathyroid). 

Scintigraphy with Tc-sestamibi showed no parathyroid fixation, so it was not a par-
athyroid adenoma, bringing the discussion to a possible adenopathy or thyroid cyst. This 
result also correlates with the normalized PTH level and total calcium values. 

The final diagnosis was hyperparathyroidism secondary to vitamin D deficiency re-
mitted under treatment and osteopenia. Bilateral total hip arthroplasty was performed for 
grade II/III bilateral hip osteoarthritis, secondary to avascular necrosis of the femoral 
head. 

BMD values correspond to osteopenia correlated with low vitamin D levels (figures 
7,8). 
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                                              Figure 7. DXA osteodensitometry at the level of the distal left forearm 
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Figure. 8. DXA osteodensitometry at the lumbar spine (L1-L4) 
 

3. Discussion 
Avascular necrosis is defined as the death of bone cells due to vascular impairment 

(11 ). Avascular bone necrosis commonly occurs following corticosteroid use, trauma, 
SLE, pancreatitis, alcoholism, gout, radiation, sickle cell disease, infiltrative diseases (e.g. 
Gaucher disease) and Caisson’s disease ( 11,12). 

The femoral head is most commonly affected, and patients usually present with hip 
and knee pain (11,12). Our patient presented with avascular necrosis of the right hip with 
referred right knee pain. The possible causes, in this case, were vitamin D deficiency cor-
related with secondary hyperparathyroidism. 

Avascular necrosis or osteonecrosis is a condition in which the death of osteocytes 
and the loss of associated hematopoietic elements occurs, characterized by the appearance 
of focal lesions in weight-bearing joints (the hip). The pathophysiology of the disease still 
needs to be clarified. It is studied and treated as a vascular but also a bone disease. In 
patients with osteonecrosis, the number of mesenchymal stem cells (precursors of osteo-
blastic cells) is reduced, as is the proliferation rate of osteoblastic cells in the proximal 
femur (13). Our patient had no such risk factors for avascular necrosis of the femoral head, 
so we tried to identify another cause of bone changes in this case.  

In a recent study, Dadra A. et al.(3) demonstrated widespread vitamin D deficiency 
in patients with hip fragility fractures. Also, the prevalence of secondary hyperparathy-
roidism was correlated with low vitamin D levels. The inverse correlation between PTH 
and vitamin D is well known, but this paper demonstrated that this correlation is more 
substantial in young Indian adults. Our young patient present also had a low level of vit-
amin D (12, 81ng/dl) at first evaluation, after the first arthroplasty, and it can be the single 
etiological factor in AVN apparition in both femoral heads. A high prevalence of osteopo-
rosis was demonstrated in persons with fragility fractures (3). 

In a study published by Gurion R. et al.(14) on Atherosclerosis Prevention in Pediat-
ric Lupus Erythematosus (APPLE) trial, they asses the associations between AVN and 
Lupus Erythematosus disease activity and vitamin D deficiency in children (defined as 
serum 25-hydroxyvitamin D [25(OH)D] <20 ng/m). In this first report of vitamin D defi-
ciency associated with AVN in pediatric lupus, there were lower levels of vitamin D in 
children who developed AVN during the three years of the study, but not statistically 
significant, probably because of the small number of patients enrolled (14). 

In a recent study, Liang D. et al.(15) demonstrated that fenestration of the neck of the 
femoral head by the OCM ( Orthopedische Chirurgie München) approach mixed autolo-
gous tricalcium β-phosphate with porous bioceramic bone graft can effectively treat non-
traumatic ON. In patients with 25(OH)D deficiency or ARCO (International Association 
Research Circulation Osseous) stage IIIA, the clinical failure rate was higher compared to 
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those without vitamin D deficiency, emphasizing the role of this vitamin not only in eti-
ology but also in the treatment of AVN (15). 

Our patient presented an advanced degree of osteonecrosis that required bilateral 
hip arthroplasty and then complex medical recovery, correlated with a deficient vitamin 
D level, unable to identify other causes of AVN.  

Our case supports the physiopathological mechanism of hyperparathyroidism sec-
ondary to severe vitamin D deficiency with an impact on bone structure and function. 

Gangji V. et al.(13) demonstrated that patients with AVN have a high prevalence of 
VDD but without secondary hyperparathyroidism, with a low bone turnover (by low os-
teocalcin levels and normal levels of C-telopeptide). Osteonecrosis was also associated 
with severe osteopenia (13). Our patient presented an essential deficiency of vitamin D 
with secondary hyperparathyroidism, not being confirmed by scintigraphy with Tc sesta-
mibi. This parathyroid adenoma would have been responsible for primary hyperparathy-
roidism (16). Although the lesions at the femoral head level were severe, we performed 
the DXA only at the lumbar spine (score T=-2.4) and left forearm (score T=-2) with values 
corresponding to osteopenia. 

Several studies have reported that vitamin D deficiency is associated with impaired 
muscle function and strength, increased risk of sarcopenia, and reduced physical perfor-
mance (17,18, 19, 20). Thus, vitamin D deficiency negatively influences the musculoskele-
tal health and the rehabilitation process of patients. 

In a paper published by Karim R. et al. (21), they presented an interesting case of a 
41-years old man, with avascular necrosis of the right hip due to chronic use of cortico-
theraphy, pain killers and anti-inflammatories drugs. Nonsteroidal antiinflammatories ac-
cumulate in the environment acting as chemical pollutants, while some forms of electro-
therapy (ultrasound) have favorable biological effects without negative impact of the en-
vironment. In addition, physical agents used in medical rehabilitation can be a therapeutic 
althernative (22).  

Early identification of AVN offers physicians possibility to prevent the evolution of 
necrosis, because the untrearted AVN leads to secondary hip arthritis requiring hip ar-
throplasty (23,24). 

Lai et al. (25) evaluated, in a randomized study the efficacy of alendronate, a 
bisphosfonate (70 mg orally daily for 25 weeks) in preventing femoral head collapse in 
patients with Steinberg Stage II or III atraumatic AVN osteonecrosis of the femoral 
head. They demonstrated that alendronate,by inhibiting osteoclast activity followed by 
influences of bone turnover and remodeling, and can delay or prevent collapse of the fem-
oral head in osteonecrosis of the hip. (25,26) Based on this fidings we recommended treat-
ment with acidum risedronicum 35mg/week, another bisphosphonate for our patient be-
fore and after the second arthroplasty. 

4. Materials and Methods 
We present the case of a 46-year-old male patient known with bilateral total hip ar-

throplasty for osteoarthritis secondary to avascular necrosis of the femoral head. The sur-
geries were performed two years ago at the left hip and one year ago at the right hip.  

The patient was hospitalized in our Physical Medicine and Rehabilitation Depart-
ment of Sibiu after the first and second intervention for mechanical pain and functional 
deficit of the hips and gait disorders.   

It should be noted that the diagnosis of avascular necrosis of the both femoral heads 
was established four years ago. Revascularization drills were performed before arthro-
plasty to reestablish the disruption of blood supply to the proximal femur.  

Clinical examination at the last admission revealed: supple postoperative scars on 
the outer side of the hips and lateral upper third of both thighs; pain on hips mobilization 
and decreased mobility for flexion = 110°, external rotation, and abduction = 30° and in-
ternal rotation = 20°; evaluation of the muscle strength using the Medical Research Council 
scale (MRC) highlighted mild functional deficit in following hips muscles: gluteus medius 
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and iliopsoas (value +3/5 MRC); without pathological changes on examination of deep 
tendon reflexes or plantar reflexes.  

Functional evaluation reveals at admission: the visual analog scale (VAS) for pain 
intensity index = 6 in the right hip, = 4 in the left hip, the activities of daily living scale 
(ADL) index = 9 (quasi-independent), instrumental activities of daily living scale (IADL) 
index = 6/8 (aided), Functional Ambulation Categories scale (FAC) index = 4 (requires su-
pervision on walking on stairs), quantified quality of life scale (after Flanagan) 76/112 
(aided). According to these results, we found a slight deficit in self-care and locomotion. 

Upon first admission to our physical medicine and rehabilitation department after 
the left hip arthroplasty, the current disability at the right hip and the critical deficiency 
of vitamin D due to the impairment of muscle metabolism adversely influenced the reha-
bilitation process.   

In the case of both hospitalizations, the rehabilitation treatment had as objectives the 
increase of stability and mobility of the hips and the reeducation of walking. The means 
used were: short pulsating waves (Diapulse), laser therapy, massage therapy, kinesiother-
apy, and occupational therapy. The evolution of the case was favorable with the improve-
ment of disability, especially after right hip arthroplasty.  

5. Conclusions 
It is essential to evaluate the vitamin D deficiency in patients with osteonecrosis be-

cause it can be correlated with secondary hyperparathyroidism and osteoporosis. The pre-
sented case demonstrates that severe vitamin D deficiency can secondarily affect the struc-
ture of the femoral head through secondary hyperparathyroidism, producing AVN. Ad-
ditional studies on large groups of patients are needed to establish the degree of correla-
tion between vitamin D deficiency and AVN. Other studies are also required to demon-
strate the impact of vitamin D deficiency on the rehabilitation of patients with various 
associated musculoskeletal or cardiovascular conditions. 
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