Spinal reconstruction after total spondylectomy
using recombinant human bone morphogenetic
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Abbreviations: BMP, bone morphogenetic protein; HA, hydroxyapatite; QOL, quality of life; rhBMP-2, recombinant
human bone morphogenetic protein-2; TCP, tricalcium phosphate; TES, total en bloc spondylectomy
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Fig. 1. Schematic illustration of the surgical procedure, (A)
Vertebral column from T11 to L2. (B) Moss Miami(Depuy
AcroMed, USA) screws were obliquely inserted into the
vertebral body of T11, T12, L1 and L2 from the base of the
transverse processes. Laminectomies were performed from the
caudal region of T12 to the cranial region of L1. The vertebral
body of T13 was resected en bloc using T-saw and adjacent
discs including cartilaginous endplates were also completely
resected using a curette to provide a bleeding vascular bed for
placement of the graft. (C) A 12mm diameter Harms titanium
mesh cage (Depuy AcroMed, USA) filled with graft materials
was positioned as an anterior strut. Then compression force
was applied to the titanium mesh cage by shortening maneuver
between the screws inserted into T12 and L1.

Fig.2

Fig. 2. Sagittal plane of the reconstructed vertebra. From the endplate (red line) of adjacent vertebra to the center of the titanium mesh cage
was divided into three zones (black square, near zone; blue square, middle zone; green square, central zone), and fusion maturation was

assessed in each zone (Villanueva bone stain).
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Near zone ~ Middle zone ~ Central zone

Fig. 3. (A) Sagiltal section of the resected specimen reconstructed with autogeneous bone graft (killed 8 weeks after operation, Villanueva
bone stain). (B) Higher power section of each area. Near zone; lamellar bone (LB) and marrow elements (M) are present., Middle zone;
woven bone (WB) and lamellar bone (LB) are mixed. Neovascularization (NV), osleoclasts (arrowheads) absorbing the bone graft (BG)
can be seen. Osteoblasts (arrows) line the bone surface. Central zone; bone gralts (BG) are still present. Arrowheads indicate empty

lacunae. Abundant fibrous tissue (F) surrounds the [ragments of bone graft.

REDREAN i)
Central zone

Near zone Middle zone

Fig. 4. (A) Sagittal section of the resected specimen reconstructed with autogeneous bone (killed 16 weeks after operation, Villanueva bone
stain). (B) Higher power section of each area. Mature lamellar bone and bone marrow clements are present in all three zones (near zone,
middle zone and central zone). Empty lacunae are not seen. Bony fusion and bone graft remodeling have been completed throughout the

titanium mesh cage.
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Near zone Middle zone Central zone

Fig. 5. (A) Sagittal section of the resected specimen reconstructed with HA/TCP collagen sponge (killed 8 weeks after operation, Villanueva
bone stain). (B) Higher power section of each area. Near zone; Small amount of new bone (NB) formation in contact with HA/TCP ceramics
(C) is seen. Middle and central zone; No bone formation is present. Areas hetween HA/TCP ceramics (C) show collagen fibers (CF).

Mdde zone Ceni:ra zone

Fig. 6. (A) Sagiital section of the resected specimen reconstructed with HA/TCP collagen sponge (killed 16 weeks after operation,
Villanueva bone stain). (B) Higher power section of each area. Near zone : Woven bone (WB) and small amount of lamellar bone (arrows)
are present. Middle zone : Enchondral bone formation (arrows) is observed. Central zone : Immature bone (arrow) is present.

Near zone
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Near zone Middle zone Central zone
Fig. 7. (A) Sagittal section of the resected specimen reconstructed with HA/TCP sponge soaked with thBMP-2 (killed 8 weeks after operation,
Villanueva bone stain). (B) Higher power section of each area. Mature lamellar bone (LM) and bone marrow elements are present

throughout the titanium mesh cage. Osteoblasts(arrows) line bone surface in all three zones (near zone, middle zone and central zone).

Near zone Middle zone Central zone
Fig. 8. (A) Sagittal section of the resected specimen reconstructed with HA/TCP sponge soaked with rhBMP-2 (killed 16 weeks after

operation, Villanueva bone stain). (B) Higher power section of each area. Mature lamellar bone (LM) and bone marrow elements are
present throughout the titanium mesh cage. Bony fusion and bone graft remodeling have been completed.
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Abstract

Spinal reconstruction after total spondylectomy is now performed using titanium mesh cage filled with autogeneous bone
graft. However, the fusion process of bony fusion and remodeling using autogeneous bone graft after total spondylectomy was
unclear. And autogeneous iliac crest bone graft has various complications. If spinal reconstruction can be achieved without
autogeneous bone graft, surgical magnitude will be reduced and led patients to the better quality of life. The purpose of this
experiment was to evaluate the process of bony fusion and remodeling using autogeneous bone graft after total spondylectomy
and whether bony fusion would be achieved using bone graft substitute soaked with bone morphogenetic protein.18 adult dogs
underwent total spondylectomy of T13 and spinal reconstruction with titanium mesh cage filled with graft materials. The
animals were divided into three groups(n=6 each) based on the graft material implanted into the titanium mesh cage;
1)autogeneous bone; 2) HA/TCP collagen sponge; 3) HA/TCP collagen sponge soaked with thBMP-2(0.8mg). The dogs were
killed 8 and 16 weeks after surgery and explanted spines were subjected to manual testing and histologic examination to
evaluate bony fusion and remodeling. Autogemeous bone graft group achieved bony fusion and graft remodeling by 16 weeks.
Fusion maturation began from the decorticated endplate of the adjacent vertebral body and progressed toward the center of the
cage with the mechanism of membranous bone formation. In the sponge group, most part of the bone inside the cage was
woven bone. In the BMP group achieved bony fusion and graft remodeling by 8 weeks. Mature lamellar bone was observed
throughout the cage. No ectopic bone formation compress the spinal cord was observed. From the result of this experiment,
the possibility of thBMP2 application to spinal reconstruction after total spondylectomy is expected.



