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Abstract 
We study the use of paternal fresh allograft in pediatric massive bony loss (post benign bone tumor 

resection) with a graft type of combined Cortico-cancellous and cancellous bone, with a good result of 

rapid and complete union with no recurrence with in 2years of follow up, with no any sign of local or 

systemic rejection. Study of 2 patients, one of an osteoblastoma in female of 9 years old in shaft femur 

and the second case was an aneurysmal bone cyst (ABC) in male of 11 years old in distal third of fibula 

where in both do enbloc resection for a big bony lesions in such young age group, the defect was 8cm in 

the female and 9 cm in male case. We reconstruct these defects by the fresh non-frozen paternal allograft 

which still not widely used method and we add the use of Combined Cortico-cancellous and cancellous 

bone graft of iliac crest area which was not used or mentioned before in literatures and we do internal 

fixation in both and we wash the graft 2 times pre and post application in the gap with a normal saline for 

each case, follow up by monthly x-ray films till healing. Was conclusive and more than expected 

regarding healing rate and union which was 6month in female case and 5 month in male and no 

complication in such big bony graft mass. In Followed up of 2 years no recurrance was seen and both 

donors and recipients without any disability nor morbidity. 

 

Keywords: Large bony defect in children, paternal fresh allograft and Combined Cortico-cancellous and 

cancellous graft type 

 

Introduction 
Two patients of big benign bone tumors in children. One of them was an osteoblastoma of 
shaft femur (female 9 years old) and the second case was aneurys mal bone cyst (ABC) of 
distal third fibula (boy 11 years old) both of them with large area of bony involvement. and 
decision of treatment was wide or enbloc resection of these bony lesions with the use for 
structural reconstruction, paternal fresh allograft to replace these bony defects in those children 
and here in our two cases we add the use of combined cortico- cancellous and cancellous bone 
graft of iliac crest area (fresh, non-frozen) as a new method not used before in literatures, 
which had the ability for enhancing rapid and good healing properties and also availability in 
good quantity.  
 

Osteoblastoma 
Uncommon benign bone tumors that accounts for about (1%) of all benign primary bone 
tumors and (3%) of all benign bone tumors [1, 4]. adolescent and young adults are most often 
affected by osteoblastoma [1, 2, 3, 4] the tumors typically appear between the age of 10and 30 
years old and are twice as common in males as in females [1, 2, 3, 4, 9], occur most often in the 
lower vertebrae of the spine and sacrum or the long bones of lower extremity and feet, 
commonly affect the posterior elements of spine [1, 3, 4, 9], found within the Cortex, medullary 
cannal or periosteal tissue [1, 4, 6]. there is slight predominance of metaphysial over diaphyasial 
location, the size of osteoblastoma ranged between1_11cm with mean of 3-2 cm [3, 6, 9].
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Clinically are more often asymptomatic or present as a dull. 

Localized pain, swelling or painful scoliosis when involve the 

spine. Physical examination reveal swelling, muscle atrophy or 

limping and tender in palpation [1, 2, 4, 9]. 

 

Diagnosis 
Plain radiography have a variable radiographic appearance 

ranging from indolent to very aggressive lesion [1, 9], it show 

radiolucent lesion 2 cm in size (nidus) surrounded by thin 

margin of reactive new bone formation that may have expanded 
[3, 8, 9]. 

CT scan, MRI, Bone scan [1, 2, 3, 4, 8, 9]. 

Angiography [3, 4] staging tumor of the spine, biopsy [2, 6] to 

confirm diagnosis. 

 

Treatment 

Usually involve surgical operation to remove the tumor without 

damaging the surrounding structures, either enbloc resection or 

curettage and bone grafting with or without internal fixation [1, 2, 

4, 7] Enbloc resection is the preferred treatment (1, 3) when 

possible. 

There is no definite role for adjuvant chemotherapy or 

radiotherapy [1, 2, 3, 7]. 

 

Another treatment options include 

 Radiofrequency ablation with CT – guided  

 Percutaneous image guided cryo therapy 

 Magnetic resonance guided focused ultra sound for treating 

intra – articular osteoblastoma [7]. 

 

Prognoses 

Is generally excellent [1, 8] reported recurrence rate of 

approximately 10- 20% [1, 2, 5, 6, 9]. There is a very rare risk of 

malignant transformation [1, 2, 3, 4, 5]. 

 

Aneurysmal bone cyst (ABC) 

Are rare benign bony lesions but locally aggressive most 

frequently occur in the first and second decade of life [11, 13, 14, 15, 

16, 17, 19], the true etiology is still unknown and may be vascular, 

traumatic or genetic [11, 13, 14, 16, 17]. Female are slightly more 

affected than male, (ABC) accounts for only (1-6%) of all 

primary bony tumor [12, 14, 15, 17]. 

ABC has predilection for the metaphysis of the long bones 

including the femur, tibia, humerus, spine and pelvis, but ABC 

can also any other localization or site of entire skeleton [12, 14, 15, 

16, 19]. 

 

Clinically 

Can cause pain, swelling and pathological fracture, neurological 

deficit if involve the spine, limping and limp length discrepancy 

if nearby growth plate area [12, 14, 16, 19]. 

ABC can be either primary or secondary; primary lesion that 

arise without evidence of another lesion 70% while secondary in 

the presence of another lesion(pre- existing bony lesion) 30%, 

which add in the challenge of ABC diagnosis and treatment 

where it may confused with other lesion even after 

histopathology [12, 13, 14, 16, 17, 19]. 

 

Diagnosis 

 Radiographically: Appear as expansile eccentric and lytic 

lesion with bony septae (bubbly appearance) (12, 19). M.R.I 

and CT scan [11, 12, 15, 19].  

 Biopsy; the role of image guided needle biopsy prior to 

surgery is debated [13]. 

 Cytogenetic technique is necessary to diagnose and 

differentiate primary from secondary one [14, 15]. 

 

Treatment: options are many 

A. Surgical Treatment 

 Aggressive curettage ( ) adjuvant and bone grafting are the 

standard option [11, 12, 13, 16, 17, 19].  

 Enbloc resection as associated with lowest risk of 

recurrence but at the cost of high morbidity to the patient [12, 

14]. 

 

The adjuvant therapies are used to reduce recurrence (12) which 

include: high speed burr, hydrogen peroxide, organ beam. 

Phenol, cryo surgery and use of polymethylmethacrylate bone 

cement [10, 12, 13, 14, 16, 19]. 

 

B. Alternative Treatment modalities 

 Adjuvant radiotherapy but was in the past, arterial 

embolization pre-post-surgery or primarly, sclero therapy 

(ethi bloc), curopsy, percutaneous injection of (doxycycline, 

calcitonin or methylprednisolone). Systemic therapy by 

biphosphonate, denosumab or calcitonin [10, 12, 14], also intra 

lesional injection of bone marrow [14]. 

 Finally the best local control rate can be achieved by enbloc 

resection [10, 16, 17], Treatment types are largerly based on 

personal experience and institutional preference [12, 13]. 

 Recurrence rate (local) up to 25% and more common in 

children with open physis and metaphysial lesion [16, 17, 18, 19] 

and male gender [14].  

 Most of recurrence occur during the first 2 years after 

Treatment [13].  

 Prognosis for ABC is generally excellent and over all cure 

rate 90 -98% [17]. 

 

Method and material  

This study was done in Al karkh general hospital in iraq, in 

orthopedic department, two patients where the first one was a 

female child of 9 years old presented with dull ache in right 

thigh not resolved by analgesia for more than one month and 

then develop limping, with examination reveal tenderness in 

mid-thigh area even mild muscle wasting, so survey done by 

plain x- ray, MRI and CT- scan. 

 

 
 

Fig 1: Female 9 years old with osteolytic lesion in right femora l shaft 

with surrounding sclerosis (Pre op) image 

 

Now for the second patient of male child 11 years old presented 

with pain around the left ankle and enlarging firm swelling on 

lateral aspect of left ankle with increasing pain in severity and 

history was of more than 2 month, by examination swelling was 

obvious with tenderness over distal third of fibula.  

Again send for plain X-ray, CT Scan and MRI (figure2) 
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Fig 2: Male of 11years old with cystic lesion of soap bubble 

appearance, (pre-operative) image 
 

Discussion done with their families each case at their time of 

presentation which was a 6month apart. Regarding facilities, 

treatment option, tumor size, experience and rate of recurrence, 

in both cases decision was made with en bloc resection and the 

use of fresh non-freezing paternal iliac allograft to close these 

large bony defect. In preparation for surgery both mothers are 

not ready for surgery so we choose fathers as a donor site. 

Screening tests done for fathers regarding any blood disease or 

blood transmitted disease, no tissue histocompatibility tests are 

done in both cases, no biopsy pre-op. 

 

Surgery: two adjacent theatre rooms are prepared one for donor 

and one for recipient and surgery done simultaneously, which 

facilitate an easy (fresh – nonfreezing) graft transportation 

between theatres by sterile container and help in measuring the 

exact graft size needed to be harvested to fit in the defect which 

done at the time of child surgery during tumor exposure with the 

assistance of floroscopic screen. Screen floroscopy was also 

beneficial to avoid any possibility of physeal or normal tissue 

morbidity and complete tumor exision. No freezing of graft done 

in our cases. 

In the first case (female) the lesion was in right femoral shaft 

and 8 cm in size and the allograft size was 9 cm to be fashioned 

to fit in the defect after tumor excision and we do internal 

fixation of femoral shaft prophylactically, by plate and screws(3 

proximal and 3 distal) and we add 2 screws through the plate to 

fix the graft, we preserve only 1/5 of lateral cortex of shaft 

diameter at site of lesion which was clear of tumor and excise 

4/5 of shaft diameter by enbloc resection which including the 

mass, we preserve the length of femur and its rotation during 

fixation (figure 3). 

 

 
 

Fig 3: Post-operative image 

 

In second case (11years male) with distal fibular lystic 

lesion(left leg)the lesion was 9cm,abute the physis, we do care 

full sub-periosteal dissection to preserve the syndesmotic 

ligaments of distal tibiofibular joint (where we suture the 

periosteum over the graft lastly) and try not to injure the 

physical line which abuted by the lesion. The graft was 10cm in 

diameter and because of iliac crest graft curved shape we made 

it in 2 pieces and we fix the graft pieces with fibula by intra 

medullary k- wire through the lateral malleolus (figure 4a, b). In 

this case we do full pop (plaster of paris) cast high below knee 

after wound closure.  

Fathers surgery done as motioned before simultaneously with 

their sons and graft harvested from iliac crest area (anterior) and 

cortico-canclleous strut graft with chips of cancellous bone are 

taken in appropriate size according to per op measurement, the 

whole harvested graft material was washed out with a normal 

Saline and then transmitted with sterile container to the adjacent 

room, the graft was fashioned to fit in the defect and fixed as 

mentioned for each case. And the chips of cancellous bone are 

layed out at distal and proximal ends of defect over the graft. 

Now, washing out secondly done by normal saline for the graft 

inside the defect after fixation before closure of surgery site in 

both recipients. These two times of washing processes were to 

decrease the bone marrow material that was stick with the 

harvested donor grafts. 

Both lesions send for histopathological study which reveal 

osteoblastoma in female case and primary aneurysmal bone cyst 

in male one. 

 

  
 

Fig 4: (4a) per op veiw, Figure (4b) post-operative image 

 

Follow up 

 For both cases removal of stitches at two weeks and serial 

x-ray films follow up for assessment of bone healing which 

done monthly till healing. 

 pop and k- wire are removed in 3 month post – op and start 

partial weight bearing and then full weight bearing 

permitted in complete healing evident in radiological film 

where callus and graft incorporation was complete at 5 

month period (figure 5) 

 

 
 

Fig 5: 5 month post op 

 

 In female child complete healing was in 6month by 

radiological film where callus and graft incorporation was 

evident. While full weight bearing start earlier because of 

rigid internal fixation (figure 6). 
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Fig 6: 6 month post-operative day 

 

During follow up period for both no any sign of local nor 

systemic rejection (Clinically and radiologically). And no 

significant sign of bone resorption, nor 

 

  
 

Fig 7, 8: 18 month post operation 

 

Complications are reported (fracture, delayed union or 

infection), our follow up was continue for 2 years and no any 

sign for local recurrence was seen. (Figure 7, 8). 

 

Discussion 

Large bone defect in children especially after bone tumor 

excision is a challenge subject in our orthopedic practice 

(growing age, small bong mass), so reconstruction choices are 

limited and size of defect is another challenge regarding 

facilities and experience in our center.  

Bone banks are not available and highly expensive in our 

country so not included here. 

Fresh bone grafts and of course the best are the autogenous, in 

our cases children had a large defects (8 cm and 9 cm) 

autogenous grafts are not possible because the usual donor site 

in children do not provide graft large enough to bridge such 

large defects, the possibility of injury aphysis and autogenous 

grafts require too long surgery and two sites of operations which 

carry more morbidity [28]. The free vascularized grafts which are 

highly expensive, need highly skilled centers in microvascular 

surgery, long time of operation and its not without morbidity of 

donor site, so not included here. So lastly we go for a cheap, 

available in good quantity, need no much facilities and have low 

morbidity for donor sites which is the allograft (fresh – non 

vascularized) and such graft are usually taken from parent to 

their children [21, 26, 28]. Multivariate analysis revealed that 

parental donor type was the only factor significantly associated 

with overall survival [34].  

Regarding rejection of such grafts and acceptance both Fresh 

and frozen allogeneic bone elicit both acellular and humeral 

immune response, this response include the development of 

enhancing factors which block detectable immunity and 

probably protect the graft from rejection. There seems to be no 

evidence of alteration in immunogenicity by freezing the graft. 

the importance of these observation lies in the potential 

technique of employing fresh viable allograft prior freezing and 

tissue matching for HLA transplantation antigen should not be 

necessary [25]. So this phenomenon of blocking are defined as the 

inhibition of transplantation immunity by the formation of serum 

blocking factor [25] so we don’t use freezing for graft nor tissue 

matching prior surgery in our study. 

The most immunogenic element of bone is the marrow, the 

marrow is resorbed very slowly by host tissue (which contained 

within cancellous and cortical bone interslices),therefor 

exposure of marrow (donor antigen) to host immunocompetent 

cells occur over extended period allow balance between release 

of antigen and formation of antibody [25].  

Furthermore rinsing trabecular allograft may enhance graft 

incorporation by washing out immunogenic factor present in 

blood, marrow and fat [22, 23, 30], we do washing out of our grafts 

twicely pre and post application of graft in the defect.  

 The use of fibular or cortical allograft are mention in literatures 
[29, 21, 26, 31, 32, 33] but we found no one mention the use of 

combined cortico cancellous and cancellous fresh allograft [22, 24, 

28, 29]. 

 

Cancellous and cortical graft has 3 differences 

a. Cancellous one are revascularized more rapidly and 

completely than cortical  

b. Creeping substitution of Cancellous bone involve initially 

bone formation phase followed by resorption phase where 

as cortical one had reverse creeping process. 

c. Cancellous graft tend to repair completely with time, so 

cancellous strengthed first where as cortical are weakened. 

 

Cortical porosity and repair is one of the most cause for graft 

fracture, delayed or nonunion especially in large graft [29]. So we 

use Cancellous and cortico - Cancellous graft type in our study 

to report or study their beneficial use in such cases according to 

the above mention criteria (a, b, c) and what previously 

discussed in [22, 23, 30] regarding their antigenicity behavior. 

For sites of donating the graft which used in our study was the 

iliac graft (anterior one) when the iliac graft is the most frequent 

site if we need large cortico – Cancellous and Cancellous graft 

combined or non-combined [27, 28, 29] also in iliac crest graft there 

is no significant residual disability, no damage to tendinous or 

ligamentous structures which prevent gait disturbance [29], while 

the entire 2/3 of proximal fibula may be removed without donor 

side disability however patient will have complain and mild 

muscular weakness [16, 27, 28].  

 
Result 

Our result in this study was excellent regarding the more than 

expected time of healing (5 month in fibula and6 month in 

femur) without any complication in such big grafted bony mass 

(graft fracture, delayed or nonunion) in both cases and this 

healing was evident by the complete bone incorporation, early 

callus formation and no any significant bone porosity or 

resorbtion in the early follow up period, so we do not need for 

any medication to enhance healing and start early weight 
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bearing, also no any disability nor morbidity for donor or 

recipient follow this massive graft in a big defect of long bone in 

children. The surgery time was fair enough for the children 

because two surgeries done in two theaters with two teams in the 

same time which decrease morbidity. Use of internal fixation 

was significant in holding graft till healing and encourage early 

mobilization of patient. 

 

Conclusion 

paternal fresh allograft are good available resources of graft for 

our children in these large defects cases, which cheap, need no 

special facilities, no tissue matching pre op nor freezing and the 

parents are happy to help their children. In our study using of 

combined Cortico-cancellous and cancellous fresh allow graft 

we think play a big role in our result regarding rapid bony 

incorporation, healing and no complication, so we encourage the 

using of such graft type in similar cases of bony defects and the 

need for more studies in larger number of patients. Big 

expanding benign bony lesions in children need aggressive en 

bloc resection surgery to decrease recurrence rate and avoiding 

revision surgery for child, of course side by side with careful 

planning, facilities and experience. 
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