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Abstract 

 The goal of this review is to assess the importance of various imaging modalities which can be used in 

assessing the viability and integrity of the bone allograft. As it is widely in use in majority of major and minor 

reconstructive procedures.  
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Introduction 

 Reconstructive orthopedic procedures widely use 

bone graft materials  to promote new bone formation 

and bone healing . Bone graft provides a substrate and 

scaffolding for development of bone structure.[1] Bone 

graft materials include autografts, allografts, and 

synthetic substitutes. An allograft in the form of bone 

chips or morsels, which is more prone to post operative 

complications as it is taken from the cadaveric donor.  

Both osteogenic cells and bone volume are supplied by 

an autograft, which will ultimately help in bone 

formation  

 Postoperative imaging features is essential for 

differentiation between grafts and recurrent disease or 

viability/non viability. [2] 

 Bone grafts promote new bone formation and 

bone healing, provide scaffolding for these processes 

and  are rapidly gaining wide acceptance due to their 

utility in a wide spectrum of reconstructive procedures 

for osseous defects 

 The primary function of bone graft is through 

new bone formation and structural support . It provides 

healing of the defects.  Osteogenesis, osteoinduction, 

and osteoconduction are three major processes 

undergone by bone graft materials  which is responsible 

for new bone growth and formation .[3][4] 

 Graft osteogenesis is due to transplantation of 

osteogenic precursor cells that causes new bone 

formation from the graft or the host bed. 

 Osteoinduction is the process in which 

mesenchymal cells are from the surrounding tissue 

differentiates into osteoblasts. ( due to growth factors)  

 Osteoconduction occurs when an implant acts as 

a scaffold to facilitate the ingrowth of vessels and the 

migration of host cells. As new bone is formed, the graft 

may be partially or completely resorbed through a 

process described as creeping substitution.  

 Mechanical stress leads to successful incorpora-

tion of bone graft, thus helps in new bone formation. 

Myriad of clinical procedures uses bone graft materials in 

fracture stabilization, osseous defects, osseous fusion. 

Sequential process is followed by the graft incorporation 

just like healing process. [5] 

Allografts 

 Allografts can be used as a substitute for 

autografts as the latter is associated with morbidity and  

limited donor site availability. Allograft lacks            

osteoinductive properties. The graft undergoes vascular 

and osteogenic precursor cell invasion and surrounded 

by granulation matrix . [3] The interface between 

allograft and host tissue is the site of osteoclastic activity 

and bone resorption. Balance is necessary between 

Osteolysis and osteogenesis . Allografts also has some 

limitations , such as, host immune response , graft 

rejection, and inconsistent incorporation. [6] Tissue 

sterilization lowers the risk for disease transmission . 

Allograft functions as a composite graft,  bone void filler 

and an in vivo antibiotic delivery system a composite 

graft , and an onlay graft . Onlay or strut allografts 

function as long-bone scaffolds. Strut graft complications 

may include fracture nonunion or graft fracture[7][8]. 

Both osteoconductive and osteoinductive properties can 

be attained by combining the graft materials. Autologous 

platelet-rich plasma can be used along with allografts , 

which is responsible for osteoinduction by providing 

growth proteins that are secreted by the platelets . Thus 

both structural integrity and growth factors can be 

attained with. Only the allograft material is detectable on 

radiographs. [9] 

Radiographs or CT Scan  

 Allografts have opacity or attenuation similar to 

that of cortical bone. Grafts in the form of chips or 

morsels do not retain the defined cortical and medullary 

margins these characteristics at imaging. They appear as 

high-attenuating conglomerates within the bone defects. 

CT or conventional tomography can be used in 

suspected graft failure .The junction between the graft-

host is obliterated when the union progresses due to 

trabecular ingrowth, and the medullary canal is replaced 

by fibrous tissue.[10][2]. Grafts which are placed in the 

form of chips or morsels appear as high-attenuating 

conglomerates within the bone defects and do not retain 

the defined cortex and medullary canal. 

  Initially, bone resorption occurs at the margins 

of the allograft and is most prominent between 7 and 10 

weeks postoperatively . Radiodensity will then increase 

due to osteopenia of the surrounding bone and necrosis 
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of the allograft. Radiodensity of the graft starts to 

decrease approximately 6 months after transplantation 

and will continue this pattern for 18 months  

 Xray is unreliable for determining bone graft 

viability during the first months because changes in the 

mineral content can only be detected if the alteration 

amounts to at least 30-40%. Also , it provides no 

functional  information regarding graft viability and            

integrity. [11][12][13] 

MRI  

 MR imaging can be useful  to evaluate the 

presence or absence of marrow signal intensity, which 

indicates graft incorporation or failure, respectively . 

Signal hypointensity on both T1- and T2-weighted MR 

images is seen in immediate post operative period. The 

presence of a red-marrow signal can be seen when 

marrow is replaced by the hematopoietic tissue , in later 

images . A consistent finding with lack of complete graft 

incorporation is associated with  a persistent signal 

intensity lower than that of marrow on T1- and T2-

weighted images. [3] Autografts have variable 

appearances , as may appear hyperintense on T1-

weighted images and hypointense on T2-weighted 

images, or hypointense on T1- weighted images and 

isointense to hyperintense on T2-weighted images. In 

the immediate postoperative period, allografts have 

signal hypointensity on both T1- and T2-weighted MR 

images. [14]The change or lack of change in the 

allograft marrow signal intensity can help in ascertaining 

the graft failure or unable to incorporate.  

Bone Scintigraphy 

 Single photon emission computed tomography 

with CT (SPECT-CT)  is an emerging diagnostic modality 

that combines the sensitivity of bone scintigraphy with 

the high specificity of CT . It has an advantage of 

showing the  bones’s metabolic activity that surrounds 

the prosthesis and is less prone to be affected by metal 

artifact compared to MRI[15] . It reflects the physiologi-

cal activity of the bone  and combines the anatomical 

and functional data and increases the diagnostic yield of 

the scan to evaluate the viability and integrity of the 

allograft during follow up. Three phase component of 

the bone scan reflects the integrity of the graft as it 

indicates the blood flow . [16]An uptake is elevated by 

the repair and remodeling of the bone , inflammation , 

and increase in blood flow. Thus , measured uptake 

over time by bone scintigraphy can be used to study the 

bone remodeling. [17]Radiopharmaceutical accumula-

tion in the bone graft is accepted as the evidence of 

bone viability and patency of microvascular anastomo-

sis. Negative scans after postoperative one week are 

always related with complications and not increase in 

the uptake in the following 1-3 months shows 

complications of graft.  Sequential bone scans are thus 

required to monitor the viability of the graft based on 

the uptake in the graft region. [18][19][20] 

Three phase Bone scan : Increased flow (1) indicates 

preserved blood supply to graft region along with 

increased blood pooling in the (2) image with spot (3) 

at delayed 3hr reveals increased tracer uptake 

ascertaining the integrity and viability of the bone 

allograft  

 SPECT/CT depicting increased tracer uptake 

after one month at the site of allogenic bone grafting 

(same above patient)  done for avascular necrosis right 

talus.  
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Conclusion 

 Bone autografts and allografts have high opacity 

and attenuation on initial postoperative radiographs and 

CT scans, which gradually decreases over time, as graft 

incorporation progresses. 

 SPECT/CT is an emerging diagnostic modality 

which has the advantage of showing the bones 

metabolic activity, that surrounds the prosthesis and is 

less prone to be affected by metal artifact compared to 

MRI[14] It combines anatomical and functional data and 

increases the diagnostic yield of the scan to evaluate the 

viability and integrity of the allograft during follow up . 

Thus, an overall one stop investigation which can be 

done sequentially to assess the ongoing healing of the 

bone and incorporation of the bone graft. [21] 

 Other imaging modalities , such as , Xray is 

beneficial only when there is 30-40 % alteration in the 

mineral content of the bone, whereas MRI , although 

widely available investigation , but has a high burden of 

the cost.  

References 

1. Atilgan HI, Sadic M. Bone Scintigraphy for the 

Evaluation of Bone Grafts. 2016;6(April):456–61.  

2. Roca I, Barber I, Fontecha CG, Soldado F. 

Evaluation of bone viability. In: Pediatric Radiology. 

2013.  

3. Beaman FD, Bancroft LW, Peterson JJ, Kransdorf MJ, 

Menke DM, DeOrio JK. Imaging Characteristics of 

Bone Graft Materials. RadioGraphics [Internet]. 2006 

Mar [cited 2019 Dec 4];26(2):373–88. Available 

from: http://pubs.rsna.org/doi/10.1148/

rg.262055039 

4. Budán F, Szigeti K, Weszl M, Horváth I, Balogh E, 

Kanaan R, et al. Novel radiomics evaluation of bone 

formation utilizing multimodal (SPECT/X-ray CT) in 

vivo imaging. PLoS One [Internet]. 2018 [cited 2019 

Dec 4];13(9):e0204423. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/30252902 

5. Kilicarslan K, Yalcin N, Bicici V, Ozdemir E, Bingol I, 

Turkolmez S. Determination of structural femoral 

head allograft viability and integrity with a novel 

diagnostic tool: SPECT/CT. A preliminary study. HIP 

Int. 2017 Nov 1;27(6):558–63.  

6. Moskowitz GW, Lukash F. Evaluation of bone graft 

viability. Semin Nucl Med. 1988;18(3):246–54.  

7. Srivastava MK, Penumadu P, Kumar D, Pandit N. 

Role of (99m)Tc-methylene diphosphonate bone 

scan in the evaluation of the viability of the bone 

flap in mandibular reconstruction in patients with 

oromaxillofacial malignancies. Indian J Nucl Med 

[Internet]. [cited 2019 Dec 4];30(3):280–2. 

Available from: http://www.ncbi.nlm.nih.gov/

pubmed/26170579 

8. Schuind FA, Schoutens A, Noorbergen M, Burny F. Is 

early bone scintigraphy a reliable method to assess 

the viability of vascularized bone transplants? J 

Reconstr Microsurg. 1993;  

9. Lisbona R, Rennie WAJ, Daniel3 RK. Radionuclide 

Evaluation of Free Vascularized Bone Graft Viability 

[Internet]. [cited 2019 Dec 4]. Available from: 

www.ajronline.org 

10. Hervás I, Miguel Floria L, Bello P, Baquero MC, Pérez 

R, Barea J, et al. Microvascularized fibular graft for 

mandibular reconstruction: Detection of viability by 

bone scintigraphy and SPECT. Clin Nucl Med. 2001;  

11. Atilgan HI, Demirel K, Kankaya Y, Oktay M, Sahiner 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jrnm
https://openaccesspub.org/journal/jrnm/copyright-license
https://doi.org/10.14302/issn.2766-8630.jrnm-20-3689


 

Freely Available  Online 

www.openaccesspub.org    |    JRNM      CC-license      DOI : 10.14302/issn.2766-8630.jrnm-20-3689           Vol-1 Issue 2 Pg. no.-  5  

C, Korkmaz M, et al. Scintigraphic and histopatho-

logic evaluation of combined bone grafts. J 

Craniofac Surg [Internet]. 2013 Nov [cited 2019 Nov 

18];24(6):1902–7. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/24220371 

12. Fottner A, Nies B, Kitanovic D, Steinbrück A, 

Hausdorf J, Mayer-Wagner S, et al. In vivo 

evaluation of bioactive PMMA-based bone cement 

with unchanged mechanical properties in a                

load-bearing model on rabbits. J Biomater Appl. 

2015;  

13. Okoturo E. Non-vascularised iliac crest bone graft for 

immediate reconstruction of lateral mandibular 

defect. Oral Maxillofac Surg. 2016;  

14. Koca G, Kankaya Y, Dölen UC, Uysal A, Sungur N, 

Uysal Ramadan S, et al. Scintigraphic and  

tomographic evaluation of biological activities of 

prefabricated free and vascularized bone allografts. J 

Craniofac Surg [Internet]. 2012 May [cited 2019 Dec 

4];23(3):732–7. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/22565889 

15. Budán F, Szigeti K, Weszl M, Horváth I, Balogh E, 

Kanaan R, et al. Novel radiomics evaluation of bone 

formation utilizing multimodal (SPECT/X-ray CT) in 

vivo imaging. PLoS One. 2018;  

16. Kumar K, Halkar RK, Bartley SC, Schuster DM. 

Incremental benefit of SPECT + CT bone scans over 

conventional planar and SPECT bone scans in 

vertebroplasty. Indian J Nucl Med. 2011 Oct;26

(4):181–4.  

17. Dekker TJ, White P, Adams SB. Efficacy of a Cellular 

Bone Allograft for Foot and Ankle Arthrodesis and 

Revision Nonunion Procedures. Foot Ankle Int. 2017;  

18. Tam HH, Bhaludin B, Rahman F, Weller A, Ejindu V, 

Parthipun A. SPECT-CT in total hip arthroplasty. Vol. 

69, Clinical Radiology. 2014. p. 82–95.  

19. Aydogan F, Akbay E, Cevik C, Kalender E. Blood-pool 

SPECT in addition to bone SPECT in the viability 

assessment in mandibular reconstruction. Eur Rev 

Med Pharmacol Sci [Internet]. 2014 [cited 2019 Dec 

4];18(4):587–92. Available from: http://

www.ncbi.nlm.nih.gov/pubmed/24610626 

20. Droll KP, Prasad V, Clorau A, Gray BG, McKee MD. 

The use of postoperative bone scintigraphy to 

predict graft retention. Canadian Journal of Surgery. 

2007.  

21. Van Den Wyngaert T, Strobel & K, Kampen WU, 

Kuwert & T, Van Der Bruggen & W, Mohan HK, et al. 

The EANM practice guidelines for bone scintigraphy 

On behalf of the EANM Bone & Joint Committee and 

the Oncology Committee. Eur J Nucl Med Mol 

Imaging. 2016;43:1723–38.  

 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jrnm
https://openaccesspub.org/journal/jrnm/copyright-license
https://doi.org/10.14302/issn.2766-8630.jrnm-20-3689

