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Abstract
A muscle-preserving, spinous process-splitting approach may be a less invasive approach to conven-
tional laminectomy in patients with thoracic ossification of the ligamentum flavum.  Few reports 
have discussed the usefulness of this procedure for thoracic lesions in professional athletes who 
need highly active thoracic spinal function after surgery.  The treatment of thoracic ossification of 
the ligamentum flavum using a spinous process-splitting approach in 3 professional athletes is pre-
sented.  In all three cases the patients could return to play within 3 months after surgery without 
complications, and in two of the cases, there was no spinal deformity or local recurrence of ossifica-
tion of the ligamentum flavum at the final follow-up at least 8 years after surgery.  The spinous pro-
cess-splitting approach could be a safe procedure for multi-level and all other forms of ossification of 
the ligamentum flavum and is less invasive to the paraspinal muscles, relieves back symptoms, and 
restores function for athletes.
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Introduction

 Conventional laminectomy is commonly used 
for thoracic ossification of the ligamentum flavum 
(OLF).1-4)  However, this procedure is associated 
with some well-known flaws including damage to 
the paraspinal muscles and posterior midline com-
plexes, which may result in trunk extensor weak-
ness and back pain.5,6)  Additionally, it can cause 
spinal instability leading to progressive kyphosis.6,7) 
A spinous process-splitting approach has been rec-
ognized as a useful surgical technique for lumbar 
spinal stenosis, with advantages such as reduced 
postoperative pain, faster recovery, and reduced spi-
nal instability following laminectomy.8-12)  However, 

few reports have discussed the usefulness of this 
approach for thoracic OLF in professional athletes, 
who require highly active thoracic spinal function af-
ter surgery.13)

We present three cases of professional athletes 
with thoracic OLF who were successfully treated 
with a muscle-preserving, spinous process-splitting 
approach after posterior decompression.

Case presentation

The reporting of this study conforms to CARE 
guidelines.14)
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Case 1

A 28-year-old right-handed professional base-
ball pitcher complained of left buttock and posterior 
thigh pain and numbness while pitching.  His symp-
toms persisted despite oral non-steroidal anti-in-
flammatory drugs, leading to referral to our institu-
tion after one year of conservative treatment.    
Neurological examination revealed no muscle weak-
ness or sensory disturbance, but a loss of the left 
cremaster reflex and increased deep tendon reflexes 
predominantly on the left side in the lower extremi-
ties, raising suspicion of a thoracic or thoracolumbar 
lesion.  Computed tomography (CT) and magnetic 
resonance imaging (MRI) of the thoracic spine re-
vealed left unilateral OLF at the T10-T11 and T11-

T12 levels (Figure 1).  Posterior decompression 
was performed via a spinous process-splitting ap-
proach at the T10-11 and T11-12 levels, using a T9, 
T10, and T11 spinous process-splitting approach 
(Figure 2).  The T9, T10, and T11 spinous process-
es were split lengthwise in the middle with a bone 
saw, then detached from the base of the lamina and 
opened, exposing the lamina and preserving the bi-
lateral paraspinal muscles.  Laminectomy was car-
ried out with a high-speed burr, utilizing a retractor 
between the split spinous process, and the bilateral 
OLF was removed en bloc (Figure 1f, g).  The spi-
nous processes were re-attached with absorbable 
sutures, and the interspinous and supraspinous liga-

ments were re-approximated with intermittent su-
tures.  No surgical complications such as dural tear, 
cerebrospinal fluid leak, or surgical site infection 
were observed.  No brace was used after surgery, 
and three weeks post-operatively, the patient's but-
tock pain and posterior thigh pain had resolved.  He 
gradually increased his physical activity, throwing at 
8 weeks and pitching on the mound 12 weeks after 
surgery.  He resumed full training and was pitching 
at peak condition 4 months after surgery without 
symptoms such as back pain, stiffness, and restrict-
ed motion.  On MRI evaluations 4 months after 
surgery, no evidence of damage to the paraspinal 
muscles was seen (Figure 1h, i).  Nine months after 
surgery, he resumed participating in official league 
games as a starting pitcher, and retired from profes-
sional baseball two years after surgery without 
symptoms.  An 8-year follow-up examination re-
vealed no signs of spinal instability, kyphosis, local 
recurrence of OLF, or the development of OLF at 
adjacent levels.

Case 2

A 47-year-old professional racing cyclist expe-
rienced bilateral thigh numbness during training, fol-
lowed by left leg weakness a month later.  Neuro-
logical examination revealed spastic paraparesis (left 
iliopsoas muscle : manual muscle testing 4) and hy-
peresthesia of both legs.  CT and MRI of the tho-
racic spine showed an un-fused, enlarged OLF com-

Fig. 1.  Pre- and postoperative computed tomography (CT) and magnetic resonance imaging (MRI) findings of Case 
1. Sagittal MRI (a) and axial CT and MRI show ossification of the ligamentum flavum (arrows) at T10/11 (b, d) and 
T11/12 (c, e).  Satisfactory decompression is achieved after the spinous process-splitting approach with no evi-
dence of muscle damage (f, g, h, i).
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pressing the spinal cord at the level of T10-T11 
(Figure 3a, b).  Posterior decompression using the 
spinous process-splitting approach at the T10-11 
level was performed, resulting in immediate allevia-
tion of the patient’s neurological symptoms.  The 
patient started core strengthening exercises a week 
post-surgery and resumed cycling two weeks lat-
er.  Four weeks after surgery, the patient resumed 
participation in official races and limb-strengthening 
weight training, and returned to optimal perfor-
mance 12 weeks after surgery without experiencing 
any back symptoms.  MRI scans conducted a year 
after surgery revealed adequate decompression of 
the spinal cord and canal without paraspinal muscle 
damage (Figure 3c, d).  In addition, the split spi-
nous processes of T10 had fused together (Figure 
4a, b), and complete union was observed at the in-

between split spinous process of T11 and the spinol-
aminar junction 1 year after surgery (Figure 4c, 
d).  He retired from professional racing 2.5 years 
after surgery without symptoms.  At 10 years after 

surgery, follow-up examination did not show any spi-
nal instability, kyphosis, local recurrence of OLF, or 
the development of OLF at adjacent levels.

Case 3

A 25-year-old left-handed professional baseball 
pitcher experienced left anterior thigh numbness 
and weakness while pitching during a game.  De-
spite taking a two-week rest, these symptoms per-
sisted and progressed to both thighs and legs.  On 
examination at our institution, he was found to have 
muscle weakness in the left iliopsoas and quadriceps 
femoris muscles (manual muscle testing 4), sensory 
disturbances in both thighs, increased deep tendon 
reflexes in the lower extremities, and bilateral 
Babinski signs.  CT and MRI of the thoracic spine 
showed an enlarged, unfused OLF compressing the 
spinal cord at the T10-T11 level (Figure 5a, b, 
c).  Posterior decompression using the spinous pro-
cess-splitting approach at this level resulted in im-
mediate improvement of the patient’s neurological 
symptoms (Figure 5d, e, f).  He began stationary 
biking (20-30 minutes a day), core/trunk exercises 
(abdominal bracing, bridges, anti-rotation exercises), 
and lower extremity exercises (body weight squat, 
calf raises, single leg balance) 5 days after sur-
gery.  Throwing within 10 meters and jogging were 
initiated 2 weeks post-surgery.  Fielding drills and 
throwing over 20 meters were started four weeks 
after surgery, while plyometric drills with full range 
trunk motion were initiated six weeks post-sur-
gery.  The patient was able to pitch on the mound 
eight weeks after surgery and resume playing in 
games 16 weeks after the procedure with no subse-
quent back symptoms or evidence of damage to the 
paraspinal muscles on MRI evaluation (Figure 
5f).  He continues to pitch professionally one year 
after surgery with regular follow-up.

Discussion

We present the treatment of thoracic OLF in 3 
professional athletes following posterior decompres-
sion with a muscle-preserving, spinous process-
splitting approach.  All athletes resumed playing 
within 3 months post-surgery without complica-
tions, and two cases showed no spinal deformity or 
local recurrence of OLF at least 8 years after the 
procedure.  Three significant findings were associ-
ated with this less invasive approach for thoracic 
OLF in athletes.  First, it could be safely employed 
for multi-level and all other forms of OLF.  Second, 
it caused less invasion to the paraspinal muscles, led 

Fig. 2.  Intraoperative photographs show the split spi-
nous processes (S, arrows).  The spinous process 
was split longitudinally in the midline and then di-
vided at its base from the lamina of the thoracic 
spine, leaving the bilateral paraspinal muscles at-
tached to the lateral aspects of the split spinous 
process.
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to greater reduction in back symptoms, and im-
proved function in athletes.  Third, the procedure 
did not result in postoperative spinal deformity or 
local recurrence of OLF in athletes who require 
highly active movement of the thoracic spine to par-
ticipate in their sports.

The muscle-preserving, spinous process-split-
ting approach could be adaptable to multi-vertebral 
cases and all forms of thoracic ossification.  Tho-
racic OLF is classified into lateral, extended, en-
larged, fusion, and nodular types based on axial CT,2) 
and the current choice of surgical procedure for tho-
racic OLF depends on the type of OLF.1-4)  Open 
laminectomy is the most commonly used means of 
achieving sufficient decompression for multi-level 
and all other forms of OLF, even if large and dural 
adhesions and ossification exist.3,4)  We intended to 
resect the OLF as much as possible to reduce the lo-
cal recurrence risk because the repeated, localized 
mechanical stress caused by sports activity likely in-
fluenced the development of OLF, despite the fact 
that these patients were young.15)  This approach 

could be used for both laminectomy and laminotomy, 
although it cannot be used in cases of small, curved 
spinous processes.  Percutaneous full endoscopic 
posterior bilateral decompression surgery with a 
unilateral approach could be an ideal procedure for 
athletes, but in terms of safety and technical difficul-
ties, patients with fused and nodular types or multi-
level and all other forms of OLF cannot undergo this 
procedure.16)  Furthermore, with the muscle-pre-
serving, spinous process-splitting approach, it is 
easier to obtain precise anatomical orientation and 
reflect preoperative planning, such as the extent of 
decompression, and it can be used with open, micro-
scopic, or endoscopic thoracic surgeries.13)  In con-
trast, the disadvantage of this approach is that it may 
only partially avoid damage to the posterior midline 
complexes of the thoracic spine and may be more 
t ime-consuming than the conventional  ap-
proach.  Since these characteristics also apply to 
patients who are not athletes, this approach may also 
be of benefit to all patients.   

We have to consider both reducing the symp-

Fig. 3.  Pre- and postoperative CT and MRI findings of Case 2.  Sagittal CT (a) and MRI (b), axial CT (c) and MRI 
(d) show OLF at T10/11 (arrows).  Satisfactory decompression is achieved after the spinous process-splitting 
approach (e), and there is no evidence of muscle damage (f).
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toms and maintaining function after surgery in pro-
fessional athletes, who have high and often strenu-
ous activity levels.  The present patients did not 
complain of any back pain after return to play, even 
though both baseball players and cyclists experience 
a high level of strain on their trunks.  The high 
prevalence of postoperative back pain associated 
with conventional total laminectomy could be avoid-
ed by using this muscle-preserving approach.10)    
The spinous process-splitting approach might also 
preserve the ligamentous structures that function as 
a mechanical strut in the movement of the spine, 
thereby allowing sustained postoperative muscle 
function.17,18)  Cases 1 and 3 were high-level baseball 

pitchers, and these athletes usually need a wide 
range of motion of the thoracolumbar spine along 
with higher back muscle strength.19)  Case 2 was an 
elite racing cyclist, and this type of athlete needs 
specific kyphotic thoracic and lumbar spinal posture 
while cycling with the trunk flexed.20)  In all cases, 
patients successfully returned to play with full 
strength and range of motion of the trunk.  Thus, 
the less-invasive, spinous process-splitting ap-
proach could both eliminate back pain and promote a 
return to full function.  In addition, Cases 1 and 3 
started pitching two months after surgery ; the 
pitcher who had conventional laminectomy or lami-
noplasty in the previous report started pitching six 

Fig. 4.  Axial computed tomography findings of Case 2 at 1 week (a, c) and 1 year after surgery.  Split spinous pro-
cesses of T10 have fused together (b) 1 year after surgery.  The spinous process of T11 is fused at the lamina 1 
year after surgery (d).
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months after surgery.15)  The severity of preopera-
tive neurological symptoms could strongly affect the 
timing of return to play, but this approach may also 
contribute to an earlier return to play.

Additionally, neither case experienced segmen-
tal instability nor required a secondary stabilization 
procedure during the follow-up period.  Traditional 
open laminectomy may be a potential cause of insta-
bility because of the removal of bone tissue and de-
struction of the posterior tension band.6,7,21)  Insta-
bility can subsequently result in progressive 
kyphotic deformity and associated neurological dete-
rioration, local recurrence of OLF, or development of 
OLF at adjacent proximal levels.21,22)  Concurrent 
posterior instrumentation and fusion have been pro-
posed as a strategy to prevent thoracic kyphosis pro-
gression from surgical decompression, although this 
approach remains controversial.22)  Thoracic OLF 
might increase in size and become exacerbated 
within a few years in certain athletes, such as pro-
fessional baseball pitchers, who experience repeat-
ed, localized, mechanical stress on the thoracic 
spine.23)  Although the present cases did not show 
any local recurrence of OLF or the development of 
OLF at adjacent levels, long-term follow-up is need-
ed to confirm the results, because every decompres-
sive procedure carries the risk of secondary instabil-
ity.

Thoracic OLF is primarily observed in middle-

aged men, thus rendering young, high-level athletes 
such as those in their twenties atypical patients.    
The pathogenesis of OLF is not entirely understood, 
although mechanical stress is implicated in the hy-
pertrophy and development of OLF.15,23,24)  Repeti-
tive and asymmetrical rotatory mechanical stress 
generated by pitching motions in high-level Asian 
baseball players, particularly pitchers, may increase 
the risk of developing symptomatic thoracic OLF re-
gardless of age.15,23)  According to previous and 
present reports, young athletes typically exhibit uni-
lateral symptoms irrespective of the presence of ra-
diculopathy or myelopathy.15,23)  This unilateral 
symptomatology is a feature of thoracic OLF in 
young athletes and is uncommon in middle-aged pa-
tients.    Therefore, further epidemiological research 
is necessary to investigate thoracic OLF in athletes 
and to gather data on neurological symptoms.

 In conclusion, successful outcomes of thoracic 
OLF cases after posterior decompression with a 
muscle-preserving, spinous process-splitting ap-
proach in professional athletes were described.    
The spinous process-splitting approach for thoracic 
spinal diseases provides a sufficient surgical field 
with minimal damage to the paraspinal muscles for 
multi-level and all other form types of OLF.  As 
such, this procedure may be recommended for ath-

Fig. 5.  Pre- and postoperative CT and MRI findings of Case 3.  Sagittal CT (a), axial CT (b), and MRI (c) show OLF 
at T10/11 (arrows).  Satisfactory decompression is achieved after the spinous process-splitting approach, with 
no evidence of muscle damage (d, e, f), and 3D-CT of the thoracic spine shows the area of decompression (blue 
colored) and the re-attached spinous processes of T10 (arrow) (g).
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letes requiring highly active thoracic spine function 
post-surgery to enable them to continue their ath-
letic pursuits.
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