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C-FGF group
I— e

FGF group

Fig. 5. Macroscopic appearance and electrophysiological study of three groups 12 weeks after tubulation. Regenerated neural structure were found in the C--bFGF group
and the C~ group. In the C~-bFGF group, evoked action potentials are found in the pedal adductor muscle at 12 weeks.

initial step of nerve regeneration in a tube follows an accumulation
of exudates produced by nerve stumps in the inter-stump space of
the tube [7]. These exudates contain nerve-promoting factors, such
as laminin, fibronectin and nerve growth factor. Exudates produced
by nerve stumps might have been stabilized in the tubes treated by
C~ ions by the increased hydrophilia of the material, and this might
have helped to form a 15-mm-long fibrin matrix in the exudates.

The nerve-promoting factors in the exudates staying stable in the
tube might have also promoted migration of neural cells through
the fibrin matrix. Thus, nerve regeneration occurred over 15-mm
in a rat sciatic nerve model using silicone rubber tubes implanted
with C~ ions.

In Experiment 2, we observed an accelerated axonal regener-
ation in the C~-ion-implanted tubes treated with bFGF compared

Fig. 6. Light microscopic picture of transverse section of regenerated nerves at 24 weeks. Myelinated axons were observed in all rats in the C~-bFGF group and the C= group.
In each section, vascular network was more developed in the C~-bFGF group than in the C~ group.
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with the same tubes not treated with bFGF. In the C~-FGF group,
nerves that regenerated through the tube extended and were func-
tionally connected to the pedal adductor muscle by 12 weeks.
This suggests that treating the tubes with bFGF significantly accel-
erated and improved the functional regeneration of myelinated
axons. In tubulation, blood vessels and neural cells migrate from
both proximal and distal nerve stumps, and the axons extend
from the proximal nerve stump to form a neural structure [7].
bFGF is an angiogenic factor that stimulates vascular development
across the inter-stump gap, which help promotes the spatial migra-
tion of all cellular elements [8]. We found more blood vessels in
cross-sections of the regenerated nerve in the bFGF-pretreated
tubes than in untreated tubes. This suggests that bFGF adhering
to the chamber wall may remain bioactive and act as a promoter
of angiogenesis during the process of tubulation. bFGF receptors
have been demonstrated on the plasma membrane of regenerating
axons, suggesting that bFGF might also work directly to promote
axon regeneration [9]. Our model using bFGF attached inside the
tube should enhance both vascularity and axon growth in the
tube.

Although small amount of bFGF attached to the surface of
untreated silicone rubber tubes in the FGF group, nerve axons did
not regenerate over the 15-mm gap in the tube. The bFGF attached
to the untreated silicone tube might have been swept away in the
process of nerve regeneration in tubulation because the bFGF did
not have a strong affinity for the surface of the untreated silicone
tube. Thus, the cellular affinity and biocompatibility provided by
the C—-ion-implanted silicone surface might also play an important
role in nerve regeneration.

The surface implanted with C~ ions had a higher affinity for
cells and bFGF than the silicone rubber surface alone [5,6]. These
observations suggest that silicone rubber tubes implanted with C~
ions can serve as both a guide to nerve growth and as a provider

of bFEGF to stimulate peripheral nerve regeneration. The C~ jon-
implantation technique might be used to create nerve guides to
provide various neurochemical factors and cells to promote nerve
regeneration.

5. Conclusions

Silicone tube treated with C~ ions showed increased hydrophilic
properties and cellular affinity, and axon regeneration was pro-
moted with this increased biocompatibility and this effect was
enhanced by basic fibroblast growth factor.
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CASE REPORT

Spontaneous Reduction in Ossification of
the Posterior Longitudinal Ligament of the
Thoracic Spine After Posterior Spinal Fusion

Without Decompression

A Case Report

Hiroaki Kimura, MD, PhD, Shunsuke Fujibayashi, MD, PhD, Mitsuru Takemoto, MD, PhD,
Bungo Otsuki, MD, PhD, and Shuichi Matsuda, MD, PhD

Study Design. Case report.

Objective. We report on a patient with thoracic myelopathy
caused by ossification of the posterior longitudinal ligament (OPLL)
of the spine.

Summary of Background Data. Surgery for thoracic OPLL
(T-OPLL) is associated with a high rate of complications. Posterior
spinal instrumentation (PSI) with decompression is a relatively safe
procedure with satisfactory results. However, the mechanisms by
which PSI with decompression produces neurological recovery in
patients who undergo T-OPLL have not been elucidated fully, and no
reports have described the radiographical progress after PSI.
Methods. The patient was a 78-year-old female with a 4-month
history of gait disturbance and paresthesia of the lower extremities
who had continuous OPLL at T1-T4. The spinal cord was impinged
by beak-type OPLL with a nonossified area at T3-T4. PSI without
decompression of C7-T6 was performed.

Results. After surgery, the patient showed clear improvement in
neurological symptoms. She recovered fully after 2 years, by which
time, the point of the beak-type OPLL at T3-T4 had become a
mild protuberance and the nonossified area was fused through the
remodeling process. This reduced the size of the ossified lesion that
had caused severe compression of the spinal cord before surgery.
Conclusion. The remaining mobility at the nonossified lesion,
where the point of the beak-type OPLL compressed the spinal cord,
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might have caused the myelopathy in this patient. We propose that
stabilization with PSI stimulates bone remodeling of nonossified
lesions, leading to a reduction of OPLL. This finding provides a clue
about the mechanisms responsible for neurological improvement
after PSI for FOPLL.

Key words: thoracic, posterior longitudinal ligament, OPLL, pos-
terior spinal instrumentation, spinal fusion, remodeling, ossification,
myelopathy, decompression, beak-type.

Level of Evidence: N/A
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ecompressive laminectomy for ossification of the
posterior longitudinal ligament of the thoracic spine
T-OPLL) is not effective and leads to exacerbation
in some cases. Therefore, spinal instrumentation is recom-
mended for T-OPLL. Among various procedures, posterior
spinal instrumentation (PSI) with decompression is less techni-
cally demanding, is associated with a lower risk of neurological
complications, and produces favorable surgical results.'* Spi-
nal instrumentation is effective for treating T-OPLL, whereas
the effect of decompression with PSI is unclear because the
backward shift of the spinal cord is restricted because of
physiological kyphosis in the thoracic spine.”* We report
on a patient with thoracic myelopathy caused by beak-type
T-OPLL, in which the symptoms improved markedly after PSI
without decompression. Computed tomography (CT) revealed
that the size of the ossified lesion was reduced through remod-
eling. This is the first report on the radiographical progress of
T-OPLL after PSI and provides information about the efficacy
of instrumented fusion for T-OPLL and a clue about the mech-
anism responsible for the neurological improvement.

—_

CASE REPORT

A 78-year-old female with T-OPLL presented with a 4-month
history of gait disturbance. On admission, she had paresthesia
of the lower extremities and was unable to walk without a
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cane. Muscle strength in the lower extremities was normal,
but she had a distal sensory loss bilaterally below the ingui-
nal region. The heel-knee test result was abnormal in the left
extremity. Bladder function was disturbed slightly. A CT scan
showed OPLL at T1-T4, including beak-type OPLL with a
nonossified area (NOA) at T3-T4. T2-weighted magnetic
resonance (MR) images showed impingement of the spinal
cord anteriorly by beak-type OPLL at T3-T4 with abnormal
intensity in the spinal cord, although the subarachnoid space
posterior to the spinal cord was detectable (Figure 1).

We planned a 2-step surgery. The first step was PSI without
decompression because the subarachnoid space posterior to
the spinal cord was maintained. The second step was OPLL
extirpation via a thoracotomy if neurological recovery was
insufficient after the first step.

We performed C7-T6 PSI without decompression and
with correction of kyphosis using pedicle screws (Figure 2).
We inserted a short pedicle screw into the left side of T4 as a
landmark for the width for drilling the vertebral body in the
second-step surgery. Posterior bone grafting using local bone
harvested from spinous processes was performed between the
laminae. Immediately after the surgery, the patient showed
improvement in neurological symptoms, and she was able
to walk without a cane 6 weeks after surgery. The Japanese
Orthopedic Association score (full score = 11 points) improved
markedly from 6.5 points preoperatively to 11 points 2 years
after surgery, and her recovery was noted as 100%. MR
images and CT scans 2 years after surgery showed that the
NOA at T3-T4 was fused and the point of the ossified mass
had become a mild protuberance (Figure 3). Axial CT scans of
T3-T4 showed that the heterogeneous ossified mass compris-
ing both low- and high-intensity areas with a rough surface
preoperatively had become a homogeneous mass comprising
a high-intensity area with a smooth surface at 2 years after
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Figure 2. Anteroposterior view (left) and lateral view (right) of radio-
graphs 2 weeks after posterior spinal instrumentation without decom-
pression (C7-T6).

surgery. The occupying ratio at T3-T4 had decreased slightly
from 39.7% preoperatively to 33.9% at 2 years after surgery.

DISCUSSION

In this case, the point of the beak-type OPLL at T3-T4
impinged to the spinal cord, causing thoracic myelopathy. We
performed PSI without decompression as the first-step sur-
gery for several reasons. First, decompression did not seem
to be effective in the present case, in which the subarach-
noid space posterior to the spinal cord was maintained. The
backward shift of the spinal cord was not expected because

Figure 1. Preoperative radiographical images of a
78-year-old female with thoracic myelopathy. Sagittal
views of the T2-weighted magnetic resonance image
(left upper) show that the spinal cord was compressed
sharply by the beak-type OPLL (white arrows). Sagit-
tal views on CT (left lower) show the beak-type OPLL
with a nonossified area at T3-T4 (black arrows). The
axial view on CT scan at T3-T4 (right) shows the het-
erogeneous ossified mass with a rough surface. OPLL
indicates ossification of the posterior longitudinal
ligament; CT, computed tomography.
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Figure 3. Radiographical images 2 years after surgery.
Sagittal views of the T2-weighted magnetic reso-
nance images (left upper) and CT images (left lower)
show that the nonossified area at T3-T4 was fused
and that the point of the ossified mass had become
a mild protuberance (white and black arrows). The
axial view at T3-T4 on CT scan (right) shows that the
heterogeneous ossified mass observed preoperatively
had changed into a homogeneous mass comprising
a high-intensity area with a smooth surface. CT indi-
cates computed tomography.

of physiological kyphosis in the thoracic spine.’** Second, the
mobility in the NOA associated with OPLL was considered
to be related to the development of myelopathy. Miyashita
et al’ reported that the clinical results of posterior stabiliza-
tion without decompression for thoracolumbar burst frac-
tures with neurological deficits were comparable with those
of posterior stabilization with decompression, suggesting that
stabilization without decompression may improve myelopa-
thy related to spinal instability. Third, Matsuyama et al* dem-
onstrated that the spinal cord can become impaired during
the laminectomy using intraoperative spinal cord monitoring
of compound muscle action potentials. Their study indicated
that the instability of the spinal column and the slight altera-
tion in spinal alignment caused by a laminectomy can cause
neurological deterioration intraoperatively because the spinal
cord is fragile at the site. PSI without decompression decreases
the risk of intraoperative neurological deterioration during
laminectomy. Fourth, PSI without decompression is less inva-
sive and more favorable for achieving fusion than is PSI with
decompression because a laminectomy decreases spinal stabil-
ity and the size of the bed for bone grafts.’

In our patient, the neurological recovery after PSI without
decompression was excellent. Surprisingly, the ossified lesion
decreased in size with NOA fusion, and the point of the ossi-
fied lesion had become a mild protuberance 2 years after sur-
gery. Yamazaki et aP’ reported that some mobility remains in
the thoracic spine despite the presence of OPLL. Thus, the
mobility remaining at T3-T4 might have been related to the
development of myelopathy in the present case. An NOA asso-
ciated with OPLL may be similar to pseudarthrosis, a failure of
bone healing, which comprises fibrous, fibrocartilaginous, and
bony tissues. Stabilization using instrumentation may stimu-
late normal bone remodeling at the NOA, and the area may
then be replaced by mature bone tissue, resulting in spontane-
ous reduction of the OPLL. This is the first report to show that

Spine

an NOA at a T-OPLL became fused and reduced, and that
the shape changed from beak type to flat type after PSI. This
demonstrates the efficacy of instrumented fusion for T-OPLL.

> Key Points

U Thoracic myelopathy caused by beak-type OPLL,
which impinged the spinal cord, improved mark-
edly after PSI without decompression.

U The remaining mobility at the nonossified lesion
of the beak-type OPLL correlated with the devel-
opment of myelopathy in this case.

U CT scans demonstrated that the nonossified le-
sion of OPLL was fused and that the beak-type
OPLL became a flat-type OPLL with some reduc-
tion in ossified mass, 2 years after surgery.
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Radial ray deficiency is a complex congenital abnormality
of the radial side of the upper extremity. Stiffness of the
elbow in extension is frequently observed in association with
a radial clubhand involving radial angulation and displace-
ment of the carpus with respect to the distal ulna.” In such
cases, corrective surgery on the carpus should not be
attempted in the absence of an adequate range of elbow
flexion because insufficient elbow flexion precludes bringing
the hand to the face and feeding oneself. Active elbow flexion
has been reported to improve spontaneously after the first
year or two of life, although less than 90° of flexion is finally
obtained in many patients.6 In some patients, the elbow
remained stiff in extension or gained flexion to only 40° or
less.” The insufficient elbow flexion might be one of the
causes of gradual bowing of the ulna or recurrence of radial
clubhand deformity after wrist corrective surgery. To date,
there have been only a few case reports of reconstruction of
active elbow flexion with a good outcome, which was ach-
ieved by triceps transfer.”” However, the triceps is important
as an antagonist of flexion of the elbow joint and should
therefore be preserved as much as possible. Here, we report
two cases of radial clubhand without active elbow flexion in
which transposition of the rudimentary insertion of the biceps
to the ulna resulted in a good outcome.

Parent/guardian of each patient gave their agreement to the publication of
the cases discussed herein.

*Reprint requests: Souichi Ohta, MD, PhD, Department of Orthopaedic
Surgery, Kyoto University, 54 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto
City, Kyoto 606-8507, Japan.

E-mail address: sota@kuhp.kyoto-u.ac.jp (S. Ohta).

Case reports
Case 1

A boy was born with a Bayne type 4 radial clubhand
associated with a Blauth type 5 hypoplastic thumb in the
right upper extremity and a Bayne type 3 radial clubhand
associated with a Blauth type 5 hypoplastic thumb in the
left upper extremity (Fig. 1). When the patient was
10 months old, he underwent the right wrist centralization
procedure and transposition of the rudimentary insertion of
the ipsilateral biceps to the ulna.

Although the wrist was splinted as straight as possible
before surgery, the passive range of motion (ROM) of the
right elbow joint was 0° to 110° and the active ROM was
0° to 20°. The passive pronation/supination was 90°/90°.
There was severe radial deviation of the right hand.

An anterior approach was used to expose the distal part
of the biceps in the elbow joint. The thin fascia-like
insertion of the biceps was fused with the fascia in the
proximal radial forearm. A very thin fibrous band was
found between the ulnar side of the distal biceps and the
fascia in the proximal ulnar forearm and considered to
represent a rudimentary lacertus fibrosus.

After separation of the accompanying artery from the
biceps, the thin fascia-like insertion of the biceps was de-
tached from the radial side of the forearm and held with 2-
0 Ti-Cron suture (Covidien, Dublin, Ireland). Two drill
holes (0.7 mm in diameter) were made anteroposteriorly a
few millimeters distal to the coronoid process of the ulna.

1058-2746/$ - see front matter © 2014 Journal of Shoulder and Elbow Surgery Board of Trustees.
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Figure 1

(A) The preoperative appearance of the right upper extremity in case 1 (patient with severe radial clubhand deformity).

(B) Radiograph of the upper arm before surgery. The radius and thumb were completely absent.

Then, the Ti-Cron suture holding the distal stump of the
biceps was passed through the holes and secured in the
bone under tension with the elbow in 45° of flexion.
Postoperatively, a posterior splint was applied for 3 weeks,
after which active flexion of the elbow joint was allowed.

Ten years postoperatively, the active ROM of the right
elbow joint was 0° to 135°. Active supination of the fore-
arm was 55° and active pronation was —20° (Fig. 2).
Manual muscle testing of elbow flexion resulted in a score
of grade 5.

Case 2

A girl was born with radioulnar synostosis associated with
a Blauth type 5 hypoplastic thumb in the left upper ex-
tremity and a Bayne type 1 radial clubhand associated with
a Blauth type 2 hypoplastic thumb in the right upper ex-
tremity (Fig. 3). When the patient was 15 months old, she
underwent surgical closure of a ventricular septal defect
and annuloplasty for treatment of tricuspid insufficiency.
She was thought to have Holt-Oram syndrome but did not
undergo genetic analysis of 7BX5. When the patient was
22 months old, she underwent left index finger pollicization
and transposition of the rudimentary insertion of the ipsi-
lateral biceps to the ulna. Before surgery, the passive ROM
of the left elbow joint was 0° to 90°, with no active flexion.
The forearm was fixed in 60° of pronation without active or
passive supination.

An anterior approach was used to expose the distal part
of the biceps in the elbow joint. The thin fascia-like
insertion of the biceps was fused with the fascia in the
proximal radial forearm. The lacertus fibrosus could not be
identified. The brachial artery divided into the median and
ulnar arteries, but the radial artery was not found.

After separation of the accompanying artery from the
biceps, the thin fascia-like insertion of the biceps was de-
tached from the radial side of the forearm and held with
two Ethibond sutures (Ethicon, Inc, Somerville, NJ, USA)
(Fig. 4). Two drill holes (1.5 mm in diameter) were made
anteroposteriorly a few millimeters distal to the coronoid
process of the ulna. Then, the Ethibond suture holding the
distal stump of the biceps was passed through the holes and
secured in the bone under tension with the elbow in 90° of
flexion. Postoperatively, a posterior splint was applied for
3 weeks, and then active flexion of the elbow joint was
allowed.

Three years postoperatively, the active ROM of the left
elbow joint was 0° to 80° (Fig. 5). The forearm was fixed in
60° of pronation. Manual muscle testing of elbow flexion
resulted in a score of grade 5.

Discussion

In radial ray deficiency, most of the elbow flexors are
abnormal. The long head of the biceps is almost always
absent.” If it is present in conjunction with total aplasia of
the radius, it inserts abnormally into the lacertus fibrosus.
The short head is generally present but is usually fused with
the coracobrachialis, brachialis, or forearm flexor muscles.
The brachialis may be present but is often fused with the
biceps at its origin and becomes continuous with the
common flexor muscles without any specific insertion. The
brachioradialis is usually absent in patients with total
aplasia of the radius. If it is present, the brachioradialis can
be rudimentary or fused with the extensor muscles and
insert aberrantly on the carpus or ulna. Despite all this
abnormality of the muscles around the elbow joint, Smith
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Figure 2 Case 1. (A) The patient’s elbow extension 10 years postoperatively. (B) The elbow flexion. The elbow actively flexed to 135°.
(C) Radiograph of the elbow joint 10 years postoperatively. The site of osteosclerosis was located distal to the coronoid process of the ulna.
This is the remnant of the drill holes used for the attachment of the biceps insertion to the ulna with suture.

Figure 3 (A) The preoperative appearance of the left upper extremity in case 2. No crease was found in the antecubital fossa. (B) The
preoperative radiograph. Radioulnar synostosis and absence of the thumb were observed.
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Figure 4 Case 2, intraoperative photographs. (A) Just after the
separation of the rudimentary insertion of the biceps (white arrow)
from the fascia of the common flexor muscles (asterisk). The
black arrow indicates the proximal side. (B) The new insertion of
the biceps onto the ulna (white arrow). The black arrow indicates
the proximal side.

reported never observing a patient fail to regain at least 90°
of elbow flexion after wrist centralization, even when the
elbow was stiff preoperatively.'” The brachialis may act as
the primary flexor of the elbow joint in such patients.

The brachialis is a monarticular muscle and is consid-
ered to act as an antigravity and skill-related muscle,
whereas the biceps is a biarticular muscle and is considered
to act as a propulsive muscle.® The propulsive muscle
produces gross power and accelerates reaching movements.
In normal active elbow flexion, the bulging of the con-
tracted brachialis muscle belly pushes the belly and tendon
of the biceps muscle forward. This increases the biceps
lever arm and thus the flexion power of the elbow. Although
the biceps might be unnecessary for active flexion of the
elbow joint, it would remain necessary for power flexion
against resistance or maintenance of elbow flexion. In our
cases, the thin fascia-like insertion of the biceps fused with
the fascia in the proximal radial forearm, leading to

inefficient transmission of the traction force produced by
the biceps to the forearm. Direct suturing of the rudimen-
tary insertion of the biceps to the ulnar cortex was therefore
desirable to allow efficient transmission of the biceps
traction force and thus improvement in the activities of
daily life.

Several procedures have been reported for reconstruc-
tion of active elbow flexion in patients with congenital
elbow malformations; these include triceps transfer, pec-
toralis major transfer,' latissimus dorsi transfer,' the
Steindler flexorplasty,” and free muscle transfer.’ In
patients with radial ray deficiency, the short head of the
biceps is usually present without a secure distal insertion.
Therefore, transfer of a muscle from outside the upper arm
is unnecessarily invasive. The Steindler flexorplasty would
be inadequate because of the weakness of the wrist ex-
tensors. The triceps muscle should generally be preserved
as much as possible because of its importance as an
antagonist of flexion of the elbow joint, but triceps transfer
could be used as an alternative in cases in which the
insertion of the short head of the biceps is completely
absent.

We secured the rudimentary insertion of the biceps to
the ulna under tension with the elbow in 45° of flexion in
case 1 and 90° of flexion in case 2. The optimal elbow
position and degree of tension with which to secure the
biceps remain unclear. In case 1, the maximum active
elbow flexion was 90° after 1 year and had improved to
135° 10 years postoperatively. In case 2, because suffi-
cient length of the rudimentary insertion could not be
obtained, we secured the insertion to the ulna with 90° of
flexion. The maximum active elbow extension was —40°
after 2 months and 0° after 2 years postoperatively. The
secure distal insertion might force the biceps itself to
adapt to the length of the humerus as the patient grows, by
the downward pull of gravity or by the traction force of
the triceps.

In case 1, because complete absence of the radius
on radiographic examination obviously indicated the
absence of radial biceps insertion, we were afraid that
spontaneous improvement of elbow flexion would be
insufficient to bring the hand to the face. Then, trans-
position of the rudimentary insertion of the biceps was
decided to be performed with the wrist centralization
surgery and resulted in excellent active ROM and flexion
power of the elbow joint. This transposition surgery
should be performed on patients with radial ray defi-
ciency who cannot gain sufficient active elbow flexion
after the wrist corrective surgery. However, especially in
cases of complete absence of the radius (Bayne type 4), it
would be an option to combine the transposition of the
rudimentary insertion of the biceps with the wrist
corrective surgery.

We did not perform any other imaging examinations
except radiography before the elbow surgery. Although the
short head of the biceps was reported to be generally
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Figure 5 Case 2. (A) Elbow extension 3 years postoperatively. (B) Elbow flexion. The elbow actively flexed to 80°. (C) Radiograph
showing the site of osteosclerosis distal to the coronoid process of the ulna (arrow).

present,” it might be better to perform a noninvasive im-
aging examination, such as magnetic resonance imaging or
ultrasound, to define the presence of the biceps itself and its
insertion. However, it would be difficult to find a thin
fascia-like insertion of the biceps by magnetic resonance
imaging or ultrasound.

Conclusions

Transposition of the rudimentary insertion of the biceps
is an option for reconstruction of active elbow flexion in
patients with radial ray deficiency without active elbow
flexion.
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