
The magnesium (Mg)-based alloys are considered 

to be an option for fracture repair and make the sur-

gery for the removal of the implants unnecessary (16, 

17, 18). Mg-based alloys have become a special cha-

llenge of biomedical research (1, 2, 3, 4, 6, 7, 10).

Many studies focused on the in vivo degradation 

behaviour and radiographic evaluation of the bone re-

generation using Mg-based alloys were performed on 

rabbits (5, 8, 9, 11, 12, 13, 14, 15, 19) using screws 

implants in the tibiae and in rats (3) using implants in 

femoral diaphysis fracture produced by drilling a hole.

This study performed on Wistar rats with three 

different types of femoral fractures reveal the radio-

graphic pattern of healing and bony complications in 

patients with femoral fractures using Mg-based alloy 

implants at 3 and 6 months after the surgery.

MATERIALS AND METHODS

Mg-based alloy characterization and implant 

preparation

The implants were Mg-based alloys containing cal-

cium (Ca), manganese (Mn) and zirconium (Zr) with 

the Mg-1Ca-0.2Mn-0.6Zr (wt %) formula. 

The implant dimensions were 2 mm in diameter 

and 16 mm in length with a sharp end (Fig. 1). 

All implants were sterilized prior to surgery (Fig. 

2).

 The development of new materials aimed at clini-

cal applications in bone surgery has gradually become 

more sophisticated, both in terms of design and manu-

facturing methodologies. Of the biodegradable im-

plants, magnesium (Mg)-based alloy represents the 

challenge of in vitro and in vivo research due to the mi-

nimal bone reactions. For the first time in Romania, a 

new Mg-alloy implant with composition Mg-1Ca-0.2Mn 

-0.6Zr, 2 mm in diameter and 16 mm in length was 

used into the femoral fractures in Wistar rats. In this 

study, the radiographic evaluation of the biocompati-

bility in the tissues, the biodegradable and healing 

process of the femoral fractures using Mg-based alloy 

implants was performed in three comparative surgical 

approach techniques: median total femoral fracture, 

circular fractures in the femoral compact and linear 

fracture in the femoral compact. The present study su-

ggests that the biodegradable Mg-1Ca-0.2Mn-0.6Zr 

alloy implants have better results in circular and linear 

fracture than the total fracture due to bone stability.

Keywords: Mg-based alloy, fractures, 

radiographic evaluation

 Dezvoltarea de noi materiale care au ca scop apli-

cațiile clinice în cadrul intervențiilor la nivelul osului a 

devenit treptat mai sofisticată, atât în termeni de me-

todologii de proiectare, cât și de fabricație. Dintre im-

planturile biodegradabile, cele pe bază de magneziu 

(Mg) reprezintă provocarea cercetărilor in vitro și in 

vivo datorită reacțiilor minime la nivel osos. Pentru pri-

ma dată în România, un nou implant pe bază de Mg cu 

compoziția Mg-1Ca-0,2Mn-0,6Zr, diametrul de 2 mm 

și lungimea de 16 mm a fost introdus în focare de frac-

tură produse la nivelul femurului la șobolani Wistar. În 

acest studiu s-au evaluat biocompatibilitatea în 

țesutul osos, procesul de biodegradare și procesul de 

vindecare din punct de vedere radiografic a fracturilor 

femurale, remediate cu implanturi pe bază de Mg, 
analizându-se comparativ trei tipuri de fracturi: frac-

tură femurală totală mediană, fracturi circulare în 

compacta femurală și fractură liniară în compacta fe-

murală. Studiul de față sugerează că implanturile bio-

degradabile din aliaj Mg-1Ca-0.2Mn-0.6Zr au rezulta-

te mai bune în fracturile circulară și liniară decât în 

fractura femurală totală datorată stabilității osoase.

Cuvinte cheie: bioimplant pe bază de magneziu, 

fractură, evaluare radiografică

RADIOGRAPHIC EVALUATION OF THE HEALING IN FEMORAL FRACTURES 

USING MAGNESIUM-BASED ALLOY IMPLANTS IN WISTAR RAT

EVALUAREA RADIOGRAFICĂ A VINDECĂRII FRACTURILOR FEMURALE 

REMEDIATE CU IMPLANTURI PE BAZĂ DE MAGNEZIU LA ȘOBOLANUL WISTAR
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Fig. 1. The size of Mg-based implants

Fig. 2. Sterilised Mg-based implants

Animal experiment

The animal experiments of this study were ap-

proved by The Bioethics Commission of the University 

of Agricultural Sciences and Veterinary Medicine 

Bucharest – 1106/6 April 2017. For the study six male 

Wistar rats with a body weight 250 grams were used. 

The rats were randomized in three groups of two ani-

mals. For each group a different type of fracture in the 

femoral bone was performed.

Prior to the anaesthesia for surgery, a premedica-

tion was used by intraperitoneally administering 0.25 

ml / 100 g body weight (BW) of the following solution: 

ketamine 100 mg/ml (1.2 ml), Dexdomitor (dexmede-

tomidine) 0.5 mg/ml (0.8 ml) and physiological saline 

solution 2 ml (Fig. 3).

Maintenance of anaesthesia was performed with 1-

1.5% isoflurane on the mask (Fig. 4).

The surgical approach of the femur was performing 

by a 3 cm skin incision. The connective tissue is poorly 

represented and the muscles detach easily from the 

surface of the femoral diaphysis. The femoral fractures 

were performed using 3 different surgical techniques: 

total median femoral fracture (Fig. 5, Fig. 8), circular 

fractures in the femoral compact (Fig. 6, Fig. 9) and li-

near fracture in the femoral compact (Fig. 7, Fig. 10).

Fig. 3. Intraperitoneal premedication

Fig. 4. Maintenance of the anaesthesia

In total median femoral fracture and in circular 

fractures of the femoral compact, the Mg-based im-

plant was inserted after a canal was drilled in the dia-

physis of the bone.

In linear fracture performed in the femoral com-

pact, the Mg-based implant was inserted into the fe-

moral medullary canal "like a book on the shelf”.

The suture of the muscle was performed using 3-0 

PDS (polydioxanone sulfate, Ethicon), continuous pat-

tern and the suture of the skin using non-absorbable 

4-0 nylon, continuous pattern.

Post-operative treatment was performed for 6 days, 

as follows: enrofloxacin 10 mg/kg BW (2.5 mg/animal) 

and meloxicam 0.2 mg / kg BW (0.05 mg/animal) ad-

ministered subcutaneously with an insulin syringe.

RESULTS AND DISCUSSIONS

Daily clinical examinations revealed normal motor 

activity, normal aplomb and the presence of appetite. 

Rats did not show pain or interest in their own surgical 

wound or other rats housed in the same cage. 
No bleeding, dehiscence or gas accumulation at the 

surgery wound. The surgery wound was healed per 

primam without local treatment. At 14 days the su-

tures from the skin were removed and the scar was 

supple and elastic.
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Radiographies were performed immediately after 

surgery, at 3 and 6 months after the surgery. In total 

median femoral fracture immediately after the surgery 

(Fig. 11) radiographies revealed the osteotomy in the 

proximal diaphysis and the Mg-based implant which is 

radiolucent. At 3 months after the surgery (Fig. 12) 

the incongruity of the bone fragments, the caudal dis-

placement of the distal fragment and callus formation 

are observed. At 6 months after the surgery (Fig. 13) 

exuberant callus in the fracture area and a recurvatum 

malunion were observed. 

In circular fractures of the femoral compact imme-

diately after the surgery (Fig. 14) radiographies re-

vealed circular radiolucent areas in the proximal femo-

ral diaphysis following osteotomy. At 3 months after 

the surgery (Fig. 15) a reduction of circular fracture 

areas produced in the proximal femoral diaphysis were 

observed. At 6 months after the surgery (Fig. 16) a 

slight increase in bone density in the proximal femoral 

diaphysis of the following bone re-modelling and disa-

ppearance of the radiolucent areas present at the be-

ginning of the study were observed.

The linear fracture in the femoral compact imme-

diately after the surgery (Fig. 17) revealed a radiolu-

cent area in the proximal diaphysis of the femoral 

medullary canal following implant insertion. 

At 3 months after the surgery (Fig. 18) a slight de-

formation of the proximal diaphysis of the femur follo-

wing the implant was observed. At 6 months after the 

surgery (Fig. 19) the radiographies revealed normal 

aspect of the femur.

CONCLUSIONS

The bone healing process is completed with better 

results in circular and linear fracture than the total frac-

ture due to bone stability. Biodegradable Mg-1Ca-0.2 

Mn-0.6Zr alloy implants have the chance to replace 
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normal implants due to their advantage of not requiring 

a second surgery, in order to take out the implant after 

the healing process. Further research can focus on 

plates and screws made by biodegradable implants in 

order to improve the stability in all types of fractures.
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