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Cervical Interbody Strut Techniques
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SUMMARY OF KEY POINTS

e Corpectomy is favored over multilevel anterior
discectomy in cases of long segment ossification of
the posterior longitudinal ligament, trauma causing
disruption of the vertebral body, osteomyelitis, and
neoplasms.

e Fusion rates and clinical outcomes for decompression
across greater than two cervical levels may be higher
with corpectomy than with discectomy.

e A wide variety of materials have been used and
studied as strut grafts including allograft, autograft,
titanium, and polyetheretherketone.

e Fundamental principles of grafting include surgical
goals balancing decompression and reconstruction
depending on the pathology, an understanding of
factors affecting cervical spine stability, and a
thorough knowledge of the utilized graft materials.

e Greater than two-level corpectomy requires
consideration of both anterior and posterior
instrumentation for increased biomechanical stability.

Since the 1980s, extensive ventral decompression via corpec-
tomy for cervical spondylotic myelopathy and spinal defor-
mity has become routine." Although neurologic outcomes
remain similar between multilevel anterior discectomy and
corpectomy,”” certain clinical scenarios favor corpectomy (e.g.,
ossification of the posterior longitudinal ligament, trauma,
osteomyelitis, and neoplasms). Moreover, fusion rates and
clinical outcomes after anterior decompression procedures
across more than two disc levels may be higher for corpectomy
than discectomy, particularly in uninstrumented cases.*®’
Corpectomy for cervical decompression provides improved
visualization, more extensive decompression, and fewer graft-
host interfaces requiring fusion (compared to multisegmental
anterior cervical discectomy and fusion [ACDF]), which
theoretically leads to the improved rates of arthrodesis.® There-
fore, spine surgeons must be comfortable with anterior
decompression by corpectomy and also with the subsequent
intervertebral strut grafting.

Technologic advances now permit a wide variety of materi-
als to be used as interbody devices, including autograft,
allograft, titanium mesh, and expandable cages, as well as
polyetheretherketone (PEEK) cages. Furthermore, in the
majority of clinical situations today, anterior corpectomy strut
grafting is supplemented with anterior spinal plate instrumen-
tation to reduce graft migration and enhance fusion rates.**”’
However, certain scenarios, for either clinical or logistical
reasons, may dictate uninstrumented strut grafting. The tech-
niques of interlocking bone grafting discussed in this chapter
are most germane to the latter category of corpectomy cases.
Even in instrumented strut grafts, however, some of the prin-
ciples delineated here remain important for successful integra-
tion of the bone graft.
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FUNDAMENTALS OF GRAFTING

Three fundamental concepts need to be recognized for suc-
cessful strut grafting. First is a clear understanding of the surgi-
cal objectives of the procedure in general. The primary goal
typically is adequate and durable decompression of the neural
elements. Although this generally would seem obvious, con-
cerns over reconstruction can alter the operative plan and
possibly subvert the primary goals of the surgery (Fig. 60-1).
Ideally, the reconstruction must be fit to the decompression,
and not vice versa.

The second essential component of strut grafting is an
understanding of the factors affecting spinal stability (Box
60-1)." An uninstrumented, unstable spine requires pro-
longed external bracing (e.g., halo brace or Minerva jacket).
This is relatively independent of the surgical fusion technique.
The stable spine reconstructed with a short-segment strut graft
may be managed with a rigid cervical orthosis.

The third fundamental concept of strut grafting is knowl-
edge of the material characteristics of the intervertebral graft.
Appropriate choices for bone are somewhat limited, and in
practice surgeons generally have only iliac crest or fibula,
either as autograft or allograft, as options. Autograft calvarium
has been used for struts, but it is not surprising that this source
has not been embraced widely.

BONE GRAFT

Both the origin of the graft material and its proper handling
are important considerations in bone graft selection. Autoge-
nous iliac crest tends to fuse rapidly, which is a distinct advan-
tage. However, suboptimal harvesting techniques, osteoporosis,
and injudicious tailoring can compromise its incorporation.
Technical constraints typically limit its use to replacing two or
three vertebral segments. In fashioning iliac crest to the bony
defect, it is ideal to preserve at least two contiguous cortical
surfaces from one end of the graft to the other to optimize
axial loading strength. Surgeons must also keep in mind the
real complications associated with iliac crest harvest, which
fortunately only rarely result in long-term problems.

With a fibular implant, however, there are different charac-
teristics to consider: (1) it is a strong, circumferential cortical
strut with a higher modulus of elasticity than mixed cortical-
cancellous implants, and as such it must be used with caution
in the osteoporotic spine; (2) it can be tailored to any needed
length; and (3) it provides a central channel for the packing
of autograft cancellous bone to enhance fusion. The disadvan-
tage of fibula is the mismatch of the bone density with that
of the vertebral body. As a rule, the receiving vertebra will fail
before the fibula graft does. This generally results in “piston-
ing,” in which the fibula penetrates through the vertebral body
and can even enter the next motion segment. Some subsidence
may be unavoidable, especially in osteoporosis, but is usually
of no significant clinical consequence (Fig. 60-2). Theoreti-
cally, subsidence may be limited by using minimal distraction
during graft placement and by using an orthotic brace post-
operatively to limit flexion. Too much graft loading and exces-
sive neck flexion early in recovery predispose to graft pistoning.
Minimal disruption of the vertebral body graft bed site is also
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Figure 60-1. Postoperative MRI scan of a two-level decompression. Note the persisting spinal canal stenosis at the subjacent level.

BOX 60-1 Factors Influencing Stability

Ventral element integrity

Dorsal element integrity

Dynamic radiographic elements
Sagittal plane translation >3.5 mm
Sagittal plane rotation >20 degrees

important in maintaining the final height of the fusion. A
fibula grafted to a partial corpectomy will almost invariably
result in substantial subsidence and loss of height. If necessary,
an additional vertebral level may need to be resected to pre-
serve the resistance to subsidence at the graft site.

Allograft fibula is slower to incorporate than autologous
iliac crest.” Autograft fibula is less commonly used owing to
the increased operative times, blood loss, and significant com-
plications associated with its harvest." One method to enhance
fusion but attenuate graft harvest morbidity is to use allograft
fibula packed with autograft cancellous bone, taken from the
iliac crest or from the resected corpectomy bone itself.'” Autog-
enous cancellous bone may be accessed via the superficial
surface of the iliac crest through a 3-cm skin incision. The
medial and outer surfaces of the iliac crest are not disturbed,
as would be needed for the harvest of tricortical grafts. This
ideally reduces blood loss and postoperative pain. A 1-cm
cortical defect is created in the iliac crest with a high-speed
bur, and cancellous bone is taken with a large curette. This, in
turn, is packed into the central canal of the allograft fibula
with a 3-mm diameter rod. No bone need be placed around
the outside of the fibula strut after insertion.

Despite the differences between iliac crest structural
autograft and fibular allograft, a significant difference in

Figure 60-2. Lateral radiograph taken 3 years postoperatively
after corpectomy and fibula strut grafting. Note the subsidence into
both the rostral and caudal mortise (i.e., “pistoning”). No symptoms
were present and no further treatment was needed.
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pseudarthrosis rates has not been consistently demon-
strated.”>"*'* Fibular allograft remains the most common
choice for reconstruction after cervical corpectomy.

TITANIUM GRAFT

The benefit of using titanium is mostly centered on avoiding
graft collection complications, and titanium mesh cages
(TMCs) have been widely used since their development in the
1980s. Mesh cages provide easy control of cage length, good
biocompatibility, and shorter operating times. A brief review
of the literature follows, demonstrating titanium as a viable
option for grafting.

Jang and colleagues examined 30 patients, with a mean
follow-up of 27.6 months, who underwent 1 (24 patients) or
2 level (6 patients) corpectomy reconstructed with TMCs filled
with autologous bone chips. They noted a cage subsidence in
93.3% of cases, although this was not associated with negative
clinical results during the follow-up period. They noted union
between the cage and adjacent end plates, but with the artifact
of the cage it was difficult to assess for bridging fusion. There
were statistically significant improvements in clinical param-
eters postoperatively without any cases of hardware failure.'

Acosta and coworkers examined TMCs for three or more
cervical segments, supplemented with posterior instrumenta-
tion. There were 20 patients with an average follow-up of 33
months. They were able to achieve 30.2 degrees of kyphosis
correction on average, and all patients had radiographic evi-
dence of fusion without cage subsidence or any instrumenta-
tion failure. Clinical pain and functional scores improved in
all patients.’

Waschke and associates looked at the use of expandable
titanium cages in 48 consecutive patients with a mean
follow-up of 23 months. About 79% had evidence of fusion
or stability of the construct, with a significant ability to restore
segmental Cobb angle and cervical lordosis through the
expandable nature of the cage.'’

POLYETHERETHERKETONE (PEEK) GRAFT

The characteristics of PEEK have made it a favorable choice for
reconstruction following anterior cervical discectomy and
fusion; it is a bioinert semicrystalline polyaromatic liner
polymer and has similar elasticity to bone, with a good com-
bination of strength, stiffness, and toughness. PEEK is more
elastic than titanium, which possibly decreases the risk of graft
subsidence, especially in osteopenic and osteoporotic patients.
PEEK also has the benefit of magnetic resonance imaging
(MRI) compatibility without causing artifact, and it is radio-
lucent. Kasliwal and O'Toole'” published results using PEEK
intervertebral cages after anterior corpectomy in 35 patients
with at least 6 months of follow-up. The PEEK cage was filled
with either autologous bone from the corpectomy or with
another graft extender such as demineralized bone matrix or
calcium hydroxyapatite. The patients were all treated in a cervi-
cal collar postoperatively for 6 weeks. The indications for
surgery were degenerative disease in 29 patients, metastases in
3 patients, osteomyelitis in 2 patients, and trauma in 1 patient;
24 of the patients had a single-level corpectomy, and 11
patients had a two-level corpectomy. Clinically, the myelopa-
thy stabilized in 57% of patients and it improved in 43%. All
35 patients had radiographic evidence of fusion on flexion-
extension radiographs, and there were no cases of implant
failure. Konig and Spetzger'® compared use of a PEEK cage (19
patients), distractible titanium cage (6 patients), and iliac crest
bone graft (7 patients) in a total of 32 patients with single-
level cervical corpectomy. They did not find any significant
differences among the three groups, but they did find a high

rate (32%) of PEEK cage subsidence. This led to their recom-
mendation of iliac crest graft for primary cases and a titanium
cage for revision cases.

Currently, expandable cages are available in both titanium
and PEEK. The advantages of each material property have been
outlined here. The cages can be placed with ease and expanded
for optimal “fit” to the end plate. The may be a theoretic
advantage during correction of deformity, yet the result may
be greater degrees of subsidence.

STRUT GRAFT
Preparation of Vertebral Defect for Strut Grafting

The paramount concern in preparing the vertebral end plates
for arthrodesis is the prevention of graft displacement.
Although plates and screws prevent graft displacement and
improve graft incorporation, even instrumented grafts in rare
cases can displace toward the spinal cord. The bed for the graft
must be prepared in such a manner that the avenue toward
the spinal canal is shorter or narrower than the graft itself. If
graft migration were to occur, the direction should be away
from the spinal cord. When anterior plating is used, deep slots
or mortises in the vertebral body are limited by the need for
adequate remaining vertebral body volume for screw pur-
chase. When hardware insertion is not anticipated, spinal
canal protection may be attained by one of four strategies
(Figs. 60-3A-C): (1) the keystone mortise and tenon, (2) the
dovetail technique, (3) the lateral step method, or (4) the
anterior peg method of Niu and colleagues."” The primary
focus here is on the keystone method.

Keystone Technique

The keystone graft method places the graft close to the middle
column of the vertebral body. It is secured by means of
mortises or slots in the opposing vertebral end plates (see
Fig. 60-3A).

Proper preparation of the mortises in the keystone tech-
nique requires consideration of the angling of the cervical disc
space (Fig. 60-3D). This disc space angling is the consequence
of the ventral vertebral surface being slightly more caudal than
the dorsal vertebral surface. The caudal mortise can be fash-
ioned into the face of the vertebral end plate without removal
of the anterior cortical corner of the vertebra. Thus, the sloping
of this end plate away from the spinal canal provides the
opportunity for creating the ideal mortise. The dorsal mortise
lip is longer than its ventral counterpart. This ensures that any
potential displacement of the graft occurs across the shallower
ventral mortise lip. Because the caudal vertebral mortise
can be readily fashioned with preservation of the cortical
vertebral margins, this is the strongest mortise construct (see
Fig. 60-3D).

Creation of the rostral mortise is more complex. Again, the
critical consideration is the disc space angle. At the caudal end
plate of the rostral mortise, the angle is such that to ensure a
shorter ventral mortise lip, a portion of the anterior vertebral
body must be resected. To avoid undue anterior resection
while ensuring adequacy of the posterior mortise lip, appre-
ciable resection of the dorsal vertebral margin in the decom-
pression is precluded. Should any dorsal vertebral body
decompression be pursued, the remaining vertebral body may
be inadequate for proper mortising (see Fig. 60-3D).

Dovetail Technique

The dovetail grafting method refers to fashioning a segment
of the graft that is placed ventral to the anterior vertebral sur-
faces and is longer than the length of the decompression
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Figure 60-3. Schematics of keystone (A), dovetail (B), and Voorhies lateral bone step (C) techniques, and the measurement details of keystone

mortises (D).

defect. Dovetail refers to the bipartite shape of both ends of
the graft, one slightly longer than the other. This is not unlike
the tail of a dove (see Fig. 60-3B). The shorter of the two “tail
feathers” at both ends is placed into matching slots drilled
into the opposing end plates of the cephalic and caudal ver-
tebrae. The rostral slot is of a depth such that the respective
dovetail can be inserted to a depth that allows the clearance
of the distal “tail” into its respective slot with moderate cervi-
cal traction. The graft, thus in place, is then shifted distally for
a final locking-in position. The advantage of this construct is
that it can be prepared in such a way that it is unequivocally
too large to be displaced into the spinal canal. The disadvan-
tages are that it can place excessive vertical loads on the ventral
vertebral body cortex and may not allow significant impaction
of the cancellous components of the graft and vertebra. In
theory the graft is located within the anterior column. There-
fore, vertebral failure may not be via impaction but via ante-
rior displacement. Obviously, this construct does not lend
itself to plating. Finally, the dovetail graft may lead to some
increase in postoperative dysphagia given its position anterior
to the anterior vertebral body walls.

Lateral Bone Step Technique

As described by Awasthi and Voorhies,' lateral bone steps can
be fashioned on either side of the anterior spinal canal, after
completion of decompression by widening of the trough
superficially (see Fig. 60-3C). The graft is then tailored so that
it is wider than the width of the decompression and is placed
superficial to the lateral steps. Potential disadvantages of this
technique include possible inadequate canal decompression

to maintain the posterior vertebral body wall steps and
possible trapping of epidural bleeding behind the steps and
graft with subsequent epidural hematoma (a fortunately rare
complication?).

Preparation of the Strut Graft

The keystone graft (see Fig. 60-3A) is tailored for intimate
lateral surface contact with the sides of the decompression
trough. This fit should not require more than firm pressure for
positioning. Forcefully hammering a slightly wide graft past a
tight lateral contact point risks subsequent displacement by a
lateral levering mechanism, which may occur with minimal
neck movement. Width tailoring is usually accomplished with
a high-speed bur or oscillating saw. A rongeur may cause corti-
cal microfractures, which may lead to subsequent postopera-
tive midshaft graft fracture. To check the width, both ends of
the graft are repeatedly placed into the vertebral trough until
a fit that allows no lateral play is achieved. By a similar tailor-
ing sequence, the rostral tip of the graft is fashioned to fit its
mortise exactly. Because the ventral mortise lip is foreshort-
ened deliberately, the strut can be angled into the mortise, and
the fit can be assessed before the final determination of the
strut length. After the exact graft width and rostral fit have been
determined, the length is ascertained by marking the caudal
aspect of the graft with the graft fully positioned rostrally
while manual cervical traction is applied. Traction will usually
provide at least 1 mm of trough distraction. This, in turn,
results in the graft marked 1 mm longer than the defect. The
caudal mortise graft fit is then tailored similar to the rostral
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end. The graft can then be put into place, rostral end first,
using firm pressure or light tapping with a small mallet. It is
important to advance the caudal portion of the graft into the
trough until it contacts the posterior mortise and lies deep to
the anterior mortise lip. Caution should be used to avoid
overdistracting the spine, resulting in “too tight” a fit, because
this may predispose it to increased axial loading and fracture
of the caudal vertebrae.

Once in place, the graft can be stressed, if desired, with a
flexion and then an extension movement of the neck by the
anesthesiologist. This nestles the graft into the mortises and
determines whether levering will cause displacement. It is
done under direct vision after removal of the soft tissue
retractors.

Similarly, the dovetail graft (see Fig. 60-3B) is fastidiously
tailored. However, as already noted, the strategy of locking the
graft by caudal engagement requires a greater vertebral slot or
mortise depth. Because tailoring of the anterior mortise lips,
as in the keystone method, is not necessary with the dovetail
technique, the anterior vertebral cortical edges should ensure
the utmost vertebral resistance to fracture. A cortical surface of
the iliac crest graft should be placed toward the depth of the
decompression to ensure a strong graft construct. The posi-
tioning of the cortical margin of the bone graft within the
confines of the vertebral body (i.e., dorsal to the ventral ver-
tebral body margins) helps minimize the chance of ventral
bone graft migration. Because the fibula has a tendency to cut
or penetrate into its receiving vertebral bodies, it should be
used sparingly for this purpose.

COMPLICATIONS OF STRUT GRAFTING

Strut grafts across the cervicothoracic junction are subjected to
unique forces due to the long lever arm of the thoracic cage.”
The potential for fracture (of the vertebra, strut, or both) with
the use of a multisegment intervertebral graft may be signifi-
cant and merits consideration of anterior plating with or
without supplemental posterior instrumentation.

In general, correction of kyphotic deformity is ideal with
anterior cervical reconstructions, to prevent the spinal cord
from draping over the ventral apex of a kyphotic cervical
spine.” Nevertheless, forceful correction of such a deformity
often loads anterior strut grafts substantially, subsequently
risking graft complications. In these situations, segmental pos-
terior instrumentation should be strongly considered.

Complications of anterior cervical approaches in general
are discussed elsewhere in this volume (see Chapters 62-66).
Fortunately, hematoma and infection of the anterior neck are
uncommon, but there are no specific management schemes
unique to strut grafting for preventing these complications.
The use of a suction drain for 24 hours may lessen their inci-
dence, but definitive proof of such is lacking in the literature.
Persistent severe neck pain early in the course of recovery
should raise concern for infection. Infection, especially after
the first postoperative week, should prompt suspicion of
esophageal leakage. Infection alone may not require graft or
hardware removal, but typically incision and drainage are nec-
essary. The incidence of graft-related complications after mul-
tilevel anterior cervical corpectomy and fusion has been
reported to be as high as 30%, but the addition of a plate can
enhance the rigidity and stability of the construct, thereby
decreasing the risk of complications and possible end plate
fracture, leading to improved fusion rates.®

Specific types of graft complications include displace-
ment, midgraft fracture, mortise fracture, pistoning, and
angulation.

Graft Displacement

Displacements and displaced graft fractures almost always
occur early after surgery and are usually best handled by repeat
surgery. The incidence of graft migration increases with the
number of levels involved and the proximity to the cervico-
thoracic junction.” Displacement alone often reflects a techni-
cal error and is frequently accompanied by an associated
vertebral fracture (Fig. 60-4). Vertebral fractures are usually

Figure 60-4. CT scan of a displaced fibula graft associated with a ventral fracture of the caudal vertebral body.
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caudal and, unless minor, will require extending the fusion
across the next motion segment. This does not require further
decompression but does require a new strut and the creation
of a bed across the fractured vertebra. In such a situation,
many surgeons will opt for anterior plating, prolonged bracing,
or circumferential fixation after graft revision.

Graft Pistoning

As mentioned previously, subsidence, or pistoning, is fre-
quently seen to at least a minor extent, particularly when
fibula is used (see Fig. 60-2).”* It is important to avoid circum-
ferential sharpening of the fibula strut ends. This may in part
be averted by not overdistracting at the time of graft insertion.
The degree of penetration may appear alarming on a radio-
graph. An average of 6 to 7 mm of settling of the fibula strut
graft is typical after a two- or three-level corpectomy; this has
been reported to have no impact on postoperative pain, neu-
rologic outcomes, or fusion rates.””> When the graft pene-
trates into the adjacent disc space (frequently the caudal disc
space), the options are to observe clinically or to revise the
graft. Anecdotally, both approaches may result in good
outcomes.

Graft Angulation

Graft angulation, usually at the rostral mortise, occurs infre-
quently. The incidence of this complication is not necessarily
proportional to strut graft length (Fig. 60-5). Clearly, plating
may minimize the incidence of this problem. The revision of
an angulated graft is not typically necessary. Extensive bracing
with a halo vest or Minerva jacket may be the most appropri-
ate first line of treatment.

Figure 60-5. Lateral radiograph of a graft associated with kypho-
sis, without clinical consequence. The authors have observed angu-
lations as great as 20 degrees that have been effectively managed
without revision.
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Pseudarthrosis

Late complications of strut grafts include pseudarthrosis (Fig.
60-6) and midshaft graft fracture’** (Fig. 60-7). If these are
associated with compressive osteophyte formation or persis-
tent neck pain, a posterior instrumented arthrodesis is a viable
revision option. Ventral revision of a pseudarthrosis is also
feasible. However, a simultaneous posterior fusion and stabi-
lization procedure may be prudent if stability has been signifi-
cantly threatened. Anterior revision of a midgraft fracture
requires a new strut graft and plating. Late graft fractures may
heal with the passage of time alone (see Fig. 60-7).

The clinical significance of pseudarthrosis after strut graft-
ing is as uncertain as it is after an anterior cervical dissection
and fusion. The incidence of this complication in uninstru-
mented cases has been reported as less than 5% (typically
single-level cases with autograft) to as high as 30% (higher
rates associated with multilevel corpectomies and possibly
with allograft).””"*"” Instrumentation clearly improves fusion
rates*® and tends to eliminate differences between autograft
and allograft.*”” Late recurrent myelopathy may occur in these
patients due to a pseudarthrosis with hypertrophic changes or
new adjacent-segment disease.’

Treatment options after radiographic pseudarthrosis are
largely based on clinical symptomatology. If pseudarthrosis is
associated with intolerable neck pain, the patient may
be offered a posterior arthrodesis. When the etiology of
persistent neck pain is unclear, a posterior exploration of
segmental motion may be undertaken and instrumented
arthrodesis employed if abnormal mobility is found. This
latter strategy is plausible during the period of anterior graft
immaturity in the first year postoperatively. Radiographic find-
ings after this time on CT and flexion/extension x-rays are such

Figure 60-6. Lateral radiograph showing hypertrophic changes
and lucency at the caudal graft-vertebral body interface. This is
consistent with pseudarthrosis. The patient was asymptomatic.
Dynamic films demonstrated no motion.
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A

Figure 60-7. Lateral radiograph (A) and MRI scan (B) are consistent with an old, healed midgraft fracture. The patient had no neck

symptoms.

that a determination of nonunion is somewhat more straight-
forward (Fig. 60-8). Patients with fibrous unions and late graft
fractures can potentially be relieved of persistent neck pain
by successful posterior fusion. In a biomechanical study
comparing anterior-only stabilization and circumferential sta-
bilization in cases of two-level corpectomy, Setzer and col-
leagues showed a clear benefit for both anterior and posterior
instrumentation in stability with two-level corpectomy.’® This
leads to the conclusion that a greater than one-level corpec-
tomy should likely be backed up with posterior instrumenta-
tion for stability and fusion. Another option, depending on
the pathology, is the performance of skip corpectomy or
hybrid corpectomy and discectomy procedures, which have
been shown to have similar stability characteristics with seg-
mental fixation. A cadaveric model by Lubelski and coworkers
showed improved stability of anterior plates and screws with
segmental stabilization; the researchers hypothesized that this
would result in fewer instances of hardware failure by placing
less strain on the screw-plate interface with more points of
fixation.””

SUMMARY

Strut grafting after ventral cervical decompression ordinarily
requires fastidious graft and vertebral preparation for a well-
designed strut graft fit. With careful technique, ventral fusion
is successful and complements the original objective of neural
decompression. If the uninstrumented graft cannot be dis-
placed intraoperatively, it should remain in place, even with
some minor subsidence over time. Any concern for spinal
instability, inadequate graft fit, or undue forces placed on the
graft at the time of the initial surgery, however, should prompt
the use of instrumentation or prolonged external bracing.
When performing a greater than two-level corpectomy, con-
sideration for 360-degree fusion should be given to increase
stability and fusion rates.

Figure 60-8. Lateral radiograph taken 5 years after strut grafting.
Note continuity of cortical lines and complete absence of demarcation
between vertebra and graft. Such a film excludes pseudarthrosis;
dynamic films are likely unnecessary. This complete bony incorporation
may require a year or more to achieve with autograft, and substantially
longer with fibular allograft.
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