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Original article 

Computer-assisted minimaUy invasive spine surgery for resection of 
oss监cation of the ligamentum ftavum in the thoracic spine 

Yuan Qiang, Zheng Shan and Tian Wei 
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" 
d Background Ossification 01 the ligamentum fiavum (OLF) has been widely recognized as one 01 the main causes 01 

thoracic spinal canal stenosis and thoracic myelopathy. Decompression is the only effective strategy for treating thoracic 
myelopathy caused by OLF. The purpose 01 this study was to describe the clinical outcomes 01 computer-assisted 

,1 minimally invasive spine surgery (CAMISS) lor posterior decompression in patients with thoracic myelopathy caused by 
c I OLF. 

Melhods In all cases , the surgical procedure was performed with the assistance 01 an intraoperative three-dimensional 
navigation syslem. Decompression 01 the spinal cord was performed with a high-speed drill; the supraspinalligaments and 
spinous process were partially prese阿ed. The outcomes were evaluated by a modified Japanese Orthopedic Association 
(JOA) scoring syslem and recove叩 rates

Results The mean duration 01 lollow-up lor the 14 cases was 3.9 years. AII patients experienced neurological recovery, 

the mean JOA score improving lrom 6.1 points preoperatively to 8.6 points at final lollow-up and the mean rale 01 recove叩
being 52.7% (ex四Ilent in tw。因ses ， good in eight, lair in three , and unchanged in one) 
Conclusion CAMISS is a sale and effective procedure lor resection 01 the OLF in the thoracic spine 

O~臼fìcatio川川E…川 H…阳) was fìrst 
described by Voss in 1972, this report being in the 

German 1anguage. ' lt has been wide1y recognized as one 
of the main causes for thoracic spina1 cana1 stenosi s and 
thoracic mye10pathy, especially in east Asians.'.l 

Th ickening of the ligaments, resu1ting in narrowing of 
Ihe spina1 cana1 and compression of the spina1 cord , 
causes the mye10pathy that occurs in patients with OLF 
Cli nica1 observations suggest that compression greater 
than a thresho1d of 4 mm induces spina1 cord symptoms or 
mye10pathy.' 

Hypertrophy and ossi自cation of the 1igamentum flavum are 
the main causes of spina1 cana1 stenosis and mye10pathy, 
\\ hich are induced by degeneration of fibrob1asts in this 
tigament ' However, the precise pathogenesis ofOLF is still 
unc1ear. This cond ition usually presents with progressive 
mye10pathy. lt can present acute1y after minor trauma' 

Decompression is the on1y effective strategy for treating 
ihoracic mye10pathy caused by OLF. Severa1 types of 
procedures are of proven effectiveness; these inc1ude 
en bloc dissection of lamina , laminectomy, and a 
:nicroe ndoscopic technique '-' There is a trend toward 
;>erforming minimally invasive surgery, which is wide1y 
JSed in 臼rvical ，9 lumbar,lO and thoracic surgery, ll to treat 
0LF, thus minimizing surgica1 trauma. 12 

During the 1ast 25 years of spina1 surgery, the deve10pment 
。f smart techno10gies with the overall aim of reducing 

Chin Med J 2014;127 (11): 2043-2047 

surgical trauma has resulted in various minimally invasive 
surgica1 techniques such as microsurgery, endoscopy, and 
various percutaneous techniques. 80th these deve10pments 
and improvements in imp1ant materia1s have proven to be 
mi1estones in spina1 surgery." 

Intraoperative navigation improves the accuracy of cervica1 
pedic1e screw p1acement by providing three-dimensiona1 
(3D) visua1 images that allow accurate guidance of the 
ang1e and depth. 14 Intraoperative 3D navigation systems, 
which offer the advantage of rea1-time observation in the 
axia1 , sagitta1, and corona1 p1anes, have been wide1y used 
in spine surgery.'.ll.15 Computer-assisted minimally invasive 
spine surgery (CAM1SS) is a type of minimally invas ive 
surgery that uses an intraoperative 3D navigation system to 
enab1e precise manipu1ation. i6 

METHODS 

Patient data 
This sludy inc1 uded 14 consecutive patients with thoracic 
OLF (e ight men and six women; mean age, 55.2 years) 
who underwent surgica1 treatment in our department from 

DOI : t 0.3 760/cma.j .issn.0366-6999.20 132025 
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Janllary 3. 2006 to JlI ne 9、 2012. The sllbjects pro、 ided
wrÎtten informed consent prîor 10 inclusion in lhe study 
、.vith the approval of Ollr ethics cOllllllinee. Relevant patient 
data are summarized in Table 1. Thoracic Illyelopath y 
was diagnosed and followed Up by thorollgh nellrological 
exalllinations and imaging studies. inclllding plain 
radiography (Figure 1). cOlllputed tomography (CT) scans 
with or withollt Illyelography (Figures 2-4). and magnetic 
resonance illlaging (MRL Figure 2). Radiographic 
evaluation included identitying the location ofthe OLF and 
assessing spinal cord compression 

Tablc 1. Summary of operations on 14 patiems with 
thoracic myelopa thy due 10 OLF 

Case Sex Age Scgn1Cnl Blood loss Operatlon JOA score 
No (vcars) w !.!!ill tìme (min) (8 P/6 m nna l) 

M 54 T9- 11 5田 180 689 
2 M JJ TIO I1 300 150 578 
3 M 67 T9 10 500 220 89 10 
4 M 42 TIO 门 200 120 5 7.8 
5 F 55 T2-4 150 115 689 
6 M 45 T910 100 180 789 
7 F 55 TI2 L1 3创) 110 -4 6'7 
8 M 54 Tl Oll 500 105 46 7 
9 F 64 T91 0 4以) 165 678 
10 M 43 TtO一 1 2 450 220 7,9 10 
tl F 57 Tt O It 5创) 195 7. t 1 11 
12 F 54 T1 1 12 200 120 789 
]J F 51 T9- 11 450 ' 125 789 
14 M 59 Tll 12 100 100 7 7. 7 
BP: before opcralion: JOA: Japanese Orthopedic Association‘ OLF: ossific31ion 
。fthe 1igamcnt flavum 

Chi l1 AfedJ 2014:127 (11) 

Surgical procedure 
Spinal cord decompression levels were determined 
preoperatively based on the patient's neurological statlls 
and evaluation of radiological illlages, together with the 
findings on preoperati 、 e fllloroscopy with k-wires. Spinal 
cord activity was recorded using electrophysiological 
monitoring techniques. Deco l1l pression was performed 
mainly with a high-speed drill. The high-speed drill was 
registered by a tracker connected to the intraoperative 3D 
navigation system (Figllre 5) and resection of the ossified 
ligamentum 日avum was pcrformcd with the guidancc of 
direct 3D views on the monitor (Figllre 6). The borders of 
the OLF were c1early visible in these views. First, a dome 
was made in the spinous process to facilîtate subscquent 
decompression with the high-speed dril l. Next , the border of 
the OLF was drilled to a thin shel l. With the aid ofa Cllrette 
or Kerrison laminectomy rongellr, the borders of the shell 
were severed and the OLF withJwithollt associated ossified 
dllra mater (ODM) gradually lifted off the arachnoid 
membrane/dllra mater. Finally, the whole OLF plllS ODM/ 
OLF were removed to complete the decompression 

Intraoperative 3D image gllidance was provided by the 
ARCADIS Orbic 3D system (Siemens Medical Sollltions, 
Erlangen. Germany) together with navigation software 
(Stryker Spine Navigation System, MI , USA) 

Neurological evaluation 
Clinical resu Jts were assessed with the Japanese 0口hopedic

Fi且urc 1. Prcopcrative and postoperative latcral X-ray 白 Ims. The red circle indicates the segment to be operated on. lA: ossi白cation of 
the Iigament ftavum (OLF) 丽、' isible. 1 B: the OLF has becn resected (\\ hite arro饥) and the spinous process has been preserved (black 
arrow) 
Figure 2. Preoperative computed lomography myelography (CTM. 2A ) and magnetic resonance imaging (MR I. 28). The ossification of 
the ligament ftavu l11 (OLF) and compression oflhe spinal cord are clcarly visible 
Figure 3. Preoperative and postoperati 、 e axial computed tO ll1ograph) myelograph) (CTM) compulcd tomography (CT) 、 icws. 3A:

OSSI白cation ofthe ligamcnt ftavum (OLF) is clearly visible as a compression. 38: the OLF has been resected and the spinolls process and 
facel joint have b旧th been partially preserved 
Figure 4. Postoperative coronal and sagi ttal computed tomography (CT) 、 iews of reconstrllction. The spinous process and facet joint 
have bolh been partially preserved (-'A-'F) 
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significanl 

RESULTS 

Surgical outcome 

Figure 5. Decompression with the intraoperative guidance ofa three-dimensional 
(3 D) navigation system (A). The high-speed drill is regislered by a tracker (white 
arrow). allowing the surgeon to directly view the decompression area on the 
monilor (8. c) 

We assessed Ihe localion and number of 
involved surgical segmenls. In our study、 four

patients underwent surgery on two adjacent 
segments (Iwo T9- 11 , one T2-4, and one 
T 1 0-12). Ten palienls underwenl single level 
CAM ISS; Ihree T9/ 1 0, four TI 0/ 11 , two TII I 
T12 , and one T1 2/L I. A lmosl a ll surgical 

Associalion (JOA) scoring syslem for Ihoracic myelopathy 
(possible total of 11 points), which is derived from the 
JOA scoring system for cervical myelopathy (Table 2) 
JOA scoring was perfonned by a surgeon wi th 10 years' 
experience before surgery, 6 months after surgery, and al 
the final follow-up visit. The recovery rate was calculated 
as shown in Table 2. The Hiraba yas hi recovery rate 
(HRR) was ca lculated as exce llent (100%-75%) , good 
(74%- 50%), fair (49%-25%), unchanged (24%- 0%), and 
deteriorated (i.e. , any decrease in sco re).".18 Statistical 
anal ys is was performed us ing the Wilcoxon rank test 
A P value of less than 0.05 was considered statistically 

Tablc 2. JOA scoring system for thoracic myelopathy 
Scores 
Lower extremity 

mOlor dysfunclion 
o 
1 

2 
3 
4 

Lower extremity 
sensory defìcil 
o 
1 

2 

Sensory dcfìcit in lrunk 
0 
1 

2 

Sphincter dysrunction 
。

2 

3 

Fu l1 score 11 归。nnal)

空空虫出E

Unable 10 执， Ik

Able 10 \.\ alk on flat A∞『飞，\alking aid 
Able 10 认 alk upslairs &or downSlairs handrail 
Lack of slabihly & smooth reciprocation of gait 

No dY5funclion 

s，、 ere sensory loss or paÎn 
Mild 5en50ry l05s 

No deficil 

So、 cre sensory toss or paln 
Mild sensoη105S 

No deficit 

Unable 10 、 oid

Marked difficu \ty in miclurition 
Minordifficult)' in micturilion 

坐坐坐旦lon

JOA: Japanese Orthopedic Association. The reco\'ery rate was calculated 
according 10 the follo\\ ing formula: Rccovery rale -= (JOA 5corc al follo执 .up

preoperatl、 c JOA score)l(l l-preoperali叫 JOA 5core)1I 0创%)

segmenls were in the lower thoracic sp in e. The mean 
operalion lime was 150.4 minules (range 100-220 minules) 
The mean inlraoperal ive blood loss was 332.1 ml (range 
100- 500 ml). In Iwo palienls who underwenl surgery on 
two adjacent scgmcnts, facet joint cancellous bone was also 
imp lanted 

?、leurologicaloutcome

The average JOA score of these patients improved 
fro l11 (6. 1:t 1.2) points before s urgery to (7.8 :t 
1.3) points at 6 months after sllrgery and (8.6:t1.2) points 
at final follow-up (P <0.01). According to the JOA scoring 
system (Tab le 2) , all patients achieved some degree of 
improve l11ent in neurological status. The average HRR 
was 52.7% (excellent in two cases咱 good in eight. fair in 
three. and unchanged in one). No patient had postoperative 
deteriorat ion in neurological status 

Complications 
The onl y complication encounlered was cerebrospinal 
fluid (CS F) leakage due to a dural tear during removal of 
adherent OLF with ODM (11= 1). The CSF leakage was 
treated conservatively with intemlittent drainage with a cl ip 
on the drain and local compression; intraoperative dural 
mater repa ir was not performed. By the lasl 白ollow-up. no 
deterioration in neurological dysfunction , \Vound in日ection ，
kyphosis, or recurrence had occurred 

DISC USS ION 

Fourteen consecutive patients with thoracic OLF were 
inclllded in this study.电 with a mean age of 55.2 years. The 
prevalence of OLF increases with aging: it is reportedly 
highest in the 50-59 year age group, but may occur earlier 
OLF occurs more freqllently in the lower than in the lIpper 
and middle thoracic regions." In our study. OLF occurred 
most frequently at the T IO/T II leve l 罔 whì ch ìs consistent 

Figure 6. Resection of lhe ossification of the ligament fla \'um (O LF). A high-speed drill is lIsed 10 resect the ossification and 
Kocher forceps 10 remove it (A- D) 
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with the repo口 of Hirabayashi et a l. " 

The operative time for CAMISS for OLF and amount 
of blood loss vary. The learning curve for CAMISS may 
be partly responsible for this variation; the most recently 
performed procedure had the shortest operation time a l1d 
least blood loss. The incidence of CSF leakage as a result 
ofCAMISS was 7.1% (1 / 14). This low incidence may be 
anributable to having a direct 3D view 01' the OLF duri l1g 
the procedure. This view helped with separat io l1 ofthe OLF 
from the dural mater, minimizing tears in the dura mater 
Even when OOM was present, the 3D view helped wit h 
separation ofthe ossi自ed dural mater together with the OLF 
from the arachnoid membrane 

Oecompressive surgery is indicated in patients in whom 
symptomatic thoracic spinal cord compressio l1 is caused 
by intruding OLF. Surgery should be perforn回d 出 500n as 
possible, ideally before independent ambulatory function 
has been impaired. " CT with sagitta l reconstructions 
and MRI are helpful for diagnosis and assessment of 
spinal cord involvemen t. When neurologic symptoms 
develop, decompressive laminectomy should be perfornled 
immediately. The su rgical outcome is generally good 
provided hyperintense intramedullary signal changes in the 
spinal cord have not yet developed.21 

Few clinical reports have focused on dural tears and 
CSF leakage after thoracic OLF surgery. Because dural 
adhesion and 00 are common features of thoracic OLF, 
the incidence of CSF leakage in such patients is high and 
presents a significant clinical challenge产 111 a case-control 
study, CSF leakage was the main complication, occurring 
predominantly in the patients with OOM. Allleaks resolved 
in all patients after comprehensive treatment. However, 00 
had no effect on postoperative neurological recovery." 

In our study of CAM ISS , the results were acceptable 
According to JOA scores, all patients ac hieved varying 
degrees of improvement in neurological status; no 
patients deteriorated during follow-up. The average 
JOA score of these patients improved from (6.1 
1.2) points before su咆ery to (8.6:1: 1.2) points at the final 
follow-up (P <0.01). The average HRR was 52.7% and 
recovery was satisfactory in all patients 

En bloc resecti on without instrumented fusion is an 
alternative procedure for restoring the stability of the 
involved segments without repairing the dural defect. It is 
an effective treatment for OLF associated with 00 in the 
thoracic spine. The mean increase il1 kyphosis is reportedly 
only 1.7:1: 1.4 wi th 3 years follow-up. " In a study of 36 
patients, en bloc resection proved to be safe and e町ecllve
without the complications of postoperative deterioration in 
neurological dysfunction , leakage of CSF, wound infection, 
kyphosis, or recurrence; the only complication was a CSF 
cyst found in one patient 3 weeks postoperatively that had 
been absorbed spo l1taneously by 10 mO l1 ths after surgery." 

chill MedJ 2014:127 (11) 

Laminectomy is both effective and sa也 for treating thoracic 
OLF; however, it must be performed with great care 
because of frequent dural adhesions to the OLF. The increase 
in kyphosis after laminectomy is minimal provided Illost of 
the facet joints are left intact and the patient engages in a 
back extensor exercise program postoperatively." 

Compared with the en bloc resection and lalllinectollly 
mentioned above, CAMISS for OLF prese凹es most of the 
structure of the posterior ligamentous complex al1d keeps 
most interspinous ligament(s) and the entire supraspinous 
ligament(s) intac t. According to Oen凹 's three-co lumn 
theory, the surgical trauma of CAMISS only decreases 
the stability of the posterior column. In two patients who 
underwent surgery on two adjacent segmen ts, the facet 
joi l1 ts were implanted with autogenous ca ncellous bone 
graft to reduce the instability 

The microendoscopic technique offcrs an alternative 
decompression surgery for thoracic OLF. The procedure 
can provide sufficie l1 t decompression with minimal damage 
to the paraspinal muscles. However, because of its technical 
difficulties , the microendoscopic procedure is indicated 
only for selected patients with thoracic OLF, such as those 
with OLF without fusion in the middle of the spinal canal 
and OLF without 00' 

Because almost all the other strategies for decompression 
of OLF have limitations , CAM ISS should be seriously 
considered. The current state of minimally invasive spine 
surgery is the result of a long period of development of 
consecutive smart technologies , along with stri l1gent 
surgica l training practices and improvements in instruments 
and techniques ." However, much effort in research and 
development is still mandatory to establish, maintain , and 
evolve minîmally invasive spine surgery. 13 

According to our experience , when the procedure of 
CAM ISS is performed, particular attention should be 
paid to the following points to ensure accuracy: (1) The 
navigation equipment should be placed in the appropriate 
pos ition 日or receiving infrared signals. (2) The patient 
tracker should be firmly fixed during application of the 
navigation system. (3) The accuracy of the navigation 
should be checked by anatomical landmarks such as 
the spinous and articular processes . (4) Manipulations 
during the procedure should be performed in accordance 
with experience with the traditional approach. (5) Rough 
handling during the procedure may affect the accuracy 
by causil1g image drift. (6) Systematic training in the use 
of the navigation systems is needed to prevent failure 
or complications caused by incorrect Qr inaccurate 
manipulations 
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