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Percutaneous Spine Fusion Combined with Whole-Body Traction in the Acute Surgical
Treatment of AO A- and C-Type Fractures: A Technical Note

Viktor Szabo, Maté Nagy, Andras Biiki, Attila Schwarcz

BACKGROUND: A diminished level of pain following the
operation and shortened hospitalization are the distinct
advantages of minimally invasive spine surgery (MISS).
However, manipulating the spine with additional MISS
tools (e.g., distraction and compression devices) is often
cumbersome. Our paper draws attention to a cost-free, fast,
indirect decompression method that can be used in the
acute treatment of thoracolumbar spine fractures. The
presented method involves ligamentotaxis by whole-body
traction in the operating room combined with percuta-
neous spine fixation.

METHODS: Fifteen patients with thoracolumbar injuries
A type and C type (without distraction) by AO classification
were operated sequentially with the combination of whole-
body traction and percutaneous minimally invasive spine
fixation. Data were analyzed retrospectively.

RESULTS: A total of 139 screws were implanted into 70
segments in 6 female and 9 male patients. The average
clinical follow-up was 16 months. Average preoperative
traumatic kyphosis was 17 degrees, and an average post-
operative kyphosis was 1.8 degrees. The fractured verte-
brae’s height gain was an average of 11.0 mm (range 3.9—
21.9 mm) ventrally and an average of 5.4 mm (range 1-11.2
mm) dorsally after the surgeries. The spinal canal space
narrowing showed an average 6.5 mm improvement post-
operatively. Operative time averaged 2 hours and 34 mi-
nutes, and blood loss averaged 250 mL (range 150—400 mL).
No neurologic complications and wound healing problems
were observed.

Key words

m Fracture

m Ligamentotaxis

®m Minimally invasive spine surgery
m Traction

Abbreviations and Acronyms

AD: Classification by AQ (Arbeitsgemeinschaft fiir Osteosynthesefragen)
Foundation

CT: Computed tomography

LIV: Fourth lumbar vertebra

MISS: Minimally invasive spine surgery

Th.XII: Twelfth thoracic vertebra

CONCLUSIONS: The combination of MISS and whole-
body traction provided successful anatomical correction
in thirteen of the fifteen cases of compression type thor-
acolumbar fractures without extensive surgical
exploration.

INTRODUCTION

he treatment of a patient suffering from a severe spinal
injury implies immense financial and social burdens on

the health system, the patient, and the patient's and family
members’ quality of life.”* Inappropriate treatment can lead to
secondary nervous system injuries resulting in life-long conse-
quences. In the last few decades, in the teatment of thor-
acolumbar injury classification and severity score §-I0
thoracolumbar fractures, surgical repair techniques came to the
fore because of early surgical care, whereas conservative methods
were applied to the treatment of elderly or multimorbid patients,*
although controversies still exist.>®
There are 3 main surgical therapeutic goals associated with
unstable spine fractures: the decompression of the nerve struc-
tures, the correction of the traumatic deformity, and restoring
stability to the spine while preserving the fracture reduction.
Regarding surgical techniques, the aforementioned therapeutic
goals can be completed in an open-direct or covered-indirect
manner, depending on the type and severity of the fracture and
neurologic state. Open approaches and direct decompression
continue to be more prevalent worldwide, even when more
patient-friendly and cost-effective methods are available.’
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FAST, INDIRECT DECOMPRESSION METHOD

Figure 1. Whole-body traction is demonstrated: extension along the
spine’s longitudinal axis is generated by pulling the patient’s shoulders and
ankles. The precise placement of cushions below the chest and pelvis
helps the reduction of the fractured spine.

In our paper, we would like to draw attention to an acute, in-
direct decompression method that involves the combination of
whole-body traction and percutaneous pedicle screw fixation. The
presented method can be used in AO A- or C-type compression
thoracolumbar injuries.”

In terms of decompression and deformity correction, the prin-
ciple of the method is closed reduction performed by traction,
which has been well-known in many forms since Lorenz Bohler.”
The concept of traction is widely known in the treatment of
degenerative spine diseases, including the safe application in
the treatment of childhood scoliosis.™

In the treatment of thoracolumbar spine fractures, liga-
mentotaxis has already been applied in several ways. In an open
surgical approach, the ligamentotaxis was applied to achieve
spinal canal decompression and reduce deformity.” ™
Whole-body traction also has been applied to reduce spine frac-
ture with severe dislocation, either preoperatively with
halo-bifemoral traction for 48 hours™ or intraoperatively by
manual forces in open surgeries.™

Similar to ligamentotaxis in open surgeries performed by ped-
icular screws, whole-body traction ligamentotaxis is also per-
formed and has proved beneficial in conservative monotherapy,*
similar to Crutchfield’s traction treatment of neck injuries.”*
In terms of restoring stability to the spine, percutaneous spinal
fixation is as well known.

SURGICAL TECHNIQUE

As mentioned previously, 3 main therapeutic goals are associated
with unstable spine fractures: decompression of the nerve struc-
tures and the correction of the traumatic deformity are achieved by
whole-body traction. The third goal, restoring stability to the
thoracolumbar spine while preserving the fracture reduction, is
achieved by percutaneous pedicle screw fixation.

Figure 2. The sudden improvement of the traumatic
kyphosis, traumatic spinal stenosis, and the fractured
vertebral body's height is easily observed on the C-arm
images taken in the operation room before (A) and
after (B) whole-body traction.

Planning

One of the most important parts of percutaneous spine surgery is
meticulous planning. Bone windowed computed tomography (CT)
pictures are preferred, which also depicts the patient’s skin surface
on the section concerned. Three measurements are necessary on
both sides, for every affected level: the pedicle diameter, the
length of the pedicular screws, and the distance of the incision
from the midline.

Patient Positioning

We used Maquet Otesus Operating Table (Getinge Group,
Getinge, Sweden) in all cases. Following the induction of general
anesthesia and application of muscle relaxants, we carefully roll
the patient to a prone position. Supportive cushions are applied
below the chest and pelvis. It was regularly found that traumatic
kyphosis can be partially corrected by the appropriate positioning
of the pelvis and chest. The patient’s arms are in a prone Super-
man position to avoid potential summation shadows. Patient
positioning is followed by the whole-body traction.

Indirect Decompression with Whole-Body Traction

Ligamentotaxis is achieved by whole-body traction along the
longitudinal axis of the spine by pulling the patient’s shoulders
and ankles or pelvis (Figure 1). If lower-limb trauma has occurred,
the pelvis is pulled downward axially instead of the ankles. This
procedure is carried out with a gradually increasing force manually
for 2030 seconds during the whole-body traction. Lateral fluo-
roscopy control is implemented during and following the whole-
body traction to control the tractive force. The theoretical
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Table 1. Comparison of Preoperative and Postoperative Measured Values of the Spinal Canal Diameter and Vertebral Body Height

Sex (F/M), Age
at the Time The Spinal Canal Diameter The Vertebral Body
of the Surgery (Years), Preoperatively The Vertebral Body Height Preoperatively and Height Preoperatively and
Type of Fracture and Postoperatively, and Postoperatively, and the Postoperatively, and the Difference
(AD Classification) the Difference Between Them, mm Difference Between Them Ventrally, mm Between Them Dorsally, mm
1. M 51 50115 17.0/38.9 25.4/36.6
LLAOC 6.5 279 12
2 FB5 95/175 266/403 265/365
LI AO A4 8 i 10
3. F&1 10.0/16.1 240/36.4 281/33.0
LI AO A3 6.1 124 49
4 M18 13.0 474 373
LI AD A3
5 F38 81/143 175/328 24.4/318
LI AO A4 6.2 153 14
6. M 57 47/88 36.1/443 34.3/39.0
LIl AD A4 41 82 4.7
1. M 42 ThXIl. AD A3 12/16 300/445 354/00
4 145 56

8. F 67 ThXIl. AD A4 820128 204/355 222{322

16 151 10
I MM 85/106 308/386 35.1/38.2
LILAD A4 21 18 i
10. F 76 6.6/10.2 19.7/291 25.2/294
LI AD A4 36 94 42
11. M 29 ThXIl. AO C 217108 229/368 30.3/35.1

87 139 48
12. M 38 ThXIl. AO C 0/146 270/393 35.0/35.6

146 123 06
13. M 64 ThXIl. AO C 09/15 2719/319 298/335

66 40 37
14.F 46 13.8/16.4 3224311 33.2/34.1
LI AO A2 26 49 09
15. M 20 LIV. AO A4 1.5/5.4 395/434 31.2/395

39 39 83
[, female; M, male; AD, Classification by AQ (Arbeitsgemeinschaft filr Osteosynthesefragen) Foundation; L, lumbar; Th, thoracic.

possibility of “overstretching” is prevented by fracture selection
(i.e., only compression injuries) and radiograph control during
whole-body traction. Often, maximum human strength is neces-
sary. If and when required, the maneuver can be repeated several
times. Typically, substantial improvements can be noticed on C-
arm images regarding the vertebral body's height, traumatic
kyphosis, and traumatic spinal stenosis (Figure 2). Time does not
seem to have a substantial effect on whole-body traction in the
operating room in relaxed patients under general anesthesia, but
the movement of the patient does. For this reason, whole-body
traction was immediately followed by minimally invasive spine
surgery (MISS) of the spine. Only immediate post-traction spinal

fixation can ensure that the effect of whole-body traction is not
reduced.

Implants

The Longitude I system (Medtronic, Minneapolis, Minnesota,
USA) was used in all cases. Bilateral polyaxial cannulated titanium
pedicle screws of 5.5 to 7 mm in diameter were used in every case.
In our opinion, usually, 4 pedicle screws above the fracture and 4
pedicular screws below the fracture provide adequate stability. So
usually, 1o screws are used, including the fractured vertebra. At a
younger age, a shorter construct can be sufficient with adequate
bone quality. We used 5.5-mm straight titanium rods in every case

WORLD NEUROSURGERY 159: 13-26, MarcH 2022
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Table 2. Comparison of Preoperative and Postoperative

Measured Values of the Traumatic Kyphosis

Sex (F/M), Age at the The Traumatic Kyphosis
Time of the Preoperatively
Surgery (Years), Type and Postoperatively, and
of Fracture the Difference
(AD Classification) Between Them (Degrees)
1. M5 +8.4/—65
LLAOC 149
2 FBS +13.7/0
LI AD A4 13.7
3. FB1 +175/0.7
LI AD A3 16.8
4. M 18 —16.4
LIIl. AD A3
5 F38 +14.2/-93
LI AD A4 235
6. M &7 +6.7/42.7
LI AD A4 40
1. M 42 ThXIl AD A3 +236/+2.7
209
8. F 67 ThXIl AD A4 +75/46.1
14
9 MM +18.2/+34
LI AD A4 148
10. F 76 +21.0/+71.7
LI AD A4 133
11.M 29 ThXll AD C +196/+6.4
132
12. M 38 ThXll AO C +215/+4.4
171
13. M 64 ThXll AD C +205/4+85
120
14_F 46 +6.7/402
LI AD A2 6.5
15. M 20 LIV AD A4 —21.3/—154
59
[, female; M, male; AQ, Classification by AQ (Arbeitsgemeinschaft fir Osteosynthese-
fragen) Foundation; L, lumbar; Th, thoracic.

contoured intraoperatively to match the given curvature and pre-
serve the correction of traumatic kyphosis gained with proper
patient positioning and whole-body traction.

Implantation of the Pedicle Screws and Rods

Percutanecous minimally invasive fixation was performed imme-
diately after whole-body traction as follows. We usually go from
cranial to caudal during the implantation. An incision 2 cm long is
made at the measured distance from the midline. Careful hemo-
stasis can prevent wound healing disorders such as seromas. A
bone biopsy needle is implanted with fluoroscopic guidance

followed by Kirschner wire as a guidewire. Drilling may be
necessary, especially in younger patients with hard bones or in the
case of scriously damaged vertebrac. If the injured vertebra
composed of fragments, we don't implant a screw between frag-
ments. If half of the vertebra is considered intact, a screw is
implanted on the intact side, and we skip the fragmented part. It
is important to mention the importance of implanting in order the
screw tulips regarding the depth and the distance from the
midline. Even with polyaxial screws, the rod emplacement can be
challenging if the screw tulips stand at different heights or not in
line. The rod implantation is mostly done from cephalad to caudal
direction. An overhang of up to 1 em at both ends is acceptable,
checked by lateral and anteroposterior fluoroscopy. In our prac-
tice, there has been no example so far that the effect of the whole-
body traction during MISS is reduced. For this reason, no traction
is applied again before tightening the rod fixing bolts.

Wound Closure

The fascia is closed with #2 VICRYL plus antibacterial interrupted
sutures. After suturing the subcutaneous tissue with 2-o VICRYL
absorbable interrupted sutures, the skin is also closed with 4-
o absorbable continuous intracutaneous sutures.

Postoperative Care

The day after surgery, the patient is mobilized with the aid of
physiotherapists. If the patient has paraplegia due to the trauma,
gradual seating should be attempted. The thrombosis prophylaxis
is essential. After 1 year of the surgery, removing instrumentation
is proposed, especially in cases of younger patients. If the CT
follow-up refers to healing and the patient approved the removal
of the instrumentation, the same incisions are used to remove the
SCIEWS.

METHODS

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee and with the 1964 Helsinki
declaration and its later amendments. Informed consent was ob-
tained from all individual participants included in the study.
Fifteen patients meeting the following eligibility criteria were
operated sequentially with the combination of whole-body traction
and percutancous minimally invasive spine fixation. Thor-
acolumbar injuries AO A-type and AO C-type without distraction
origin were included. Data were analyzed retrospectively. The
following measurements were made on the preoperative and
postoperative CT scans.

The traumatic kyphosis was measured as the angle between the
upper adjacent vertebral body’s upper endplate and the lower
adjacent vertebral body's lower endplate. The vertebral height was
measured as the distance between the ventral—caudal corner of
the upper adjacent vertebral body and the ventral-—cranial corner
of the lower adjacent vertebral body. The same measurements
were performed on the dorsal side of the vertebral body. The
anteroposterior diameter of the spinal canal was measured at the
narrowest level in the median sagittal plane on preoperative CT
scans. The same points were measured on the postoperative CT
scans.

16 www.SCIENCEDIRECT.cOM
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Table 3. Neurologic State

8. F 67 ThXIl AO A4

I MM
LI AO A4

10.F 76
LI AO A4

11. M 29 ThXIl AO C

12.M 38 ThXIl AO C

Distal type paraparesis: knee
extension:

4/5 (both), dorsalflexion:
2/5 (left), and 3/5 (right),
plantarflexion:

2/5 (left) and 3/5 (right).
Diffuse distal type pareaesthesia
(numbness).

Bladder and spinchter ani
function intact.

No Babinski sign.

Intact

Intact

Paraplegia
Total sensory loss on lower
limbs, niveau in the L1
dermatome (mons pubis).
Areflexia of the lower limbs.
Bowel and bladder function loss.
Lower-limb areflexia.
Babinski sign on the left side.

Paraplegia
Total sensory loss on lower
limbs, niveau in the Th.10
dermatome (navel). Areflexia of

the lower limbs. Bowel and

bladder function loss.

Lower-limb areflexia.

No Babinski sign.

Sex (F/M), Age at

the Time of the

Surgery (Years),

Type of Fracture Preoperative Neurologic Postoperative Neurologic

(AO Classification) State State Final Neurologic State
1. M51 Intact Intact Intact
LIAOC

2. FB5 Intact Intact Intact
L1 AO A4

3.F61 Intact Intact Intact
LI AD A3

4. M 18 Intact Intact Intact
LIl AO A3

5 F38 Intact Intact Intact
L1 AO A4

6. M 57 Intact Intact Intact
LIl AD A4

7. M 42 Th.XIl AO A3 Intact Intact Intact

Improved distal type
paraparesis: knee extension:
5/5 (both), dorsalflexion:
3/5 (left), and 4/5 (right),
plantarflexion:

3/5 (left) and 4/5 (right).
Diffuse distal type pareaesthesia
(numbness) slightly improved.
Bladder and spinchter ani
function intact.

No Babinski sign.

Intact

Intact

Paraplegia
Sensory loss on lower limbs,
niveau in the L3 dermatome
(middle of the thighs). Areflexia
of the lower limbs. Bowel and
bladder function loss.
Babinski sign on the left side.
Lower-limb areflexia.

Paraplegia
Total sensory loss on lower
limbs, niveau in the Th.10
dermatome (navel). Areflexia of

the lower limbs. Bowel and

bladder function loss.

Lower-limb areflexia.

No Babinski sign.

Slight paresis only on the left
side distally: dorsalflexion 4/5,
plantarflexion 4/5.
Sensory function intact.
Bladder and spinchter ani
function intact.

No Babinski sign.

Intact

Intact

Paraplegia
Sensory loss on lower limbs,
niveau in the L.3 dermatome
(middle of the thighs).
Areflexia of the lower limbs.
Bowel and bladder function
loss. Lower-limb areflexia.
No Babinski sign.

Paraplegia
Total sensory loss on lower
limbs, niveau in the Th.10
dermatome (navel). Areflexia
of the lower limbs. Bowel and
bladder function loss.
Lower-limb areflexia.
No Babinski sign.

F, female; M, male; A, Classification by AO (Arbeitsgemeinschaft filr Osteosynthesefragen) Foundation; L, lumbar; Th, thoracic.

Continues
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Table 3. Continued

Total sensory loss on lower
limbs, niveau in the L1
dermatome (mons pubis).

Areflexia of the lower limbs.

Bowel and bladder function loss.
Lower-limh areflexia.
No Babinski sign.

14. F 46 Intact
LI AO A2
15. M 20 LIV AO A4 Only sensory disorder: numbness

on the left side in the L5
dermatome

Sex (F/M), Age at

the Time of the

Surgery (Years),

Type of Fracture Preoperative Neurologic Postoperative Neurologic

(A0 Classification) State State Final Neurologic State
13. M 64 ThXII AO C Paraplegia. Paraplegia. Paraplegia.

Total sensory loss on lower

limbs, niveau in the L.1
dermatome (mons pubis).
Areflexia of the lower limbs. Areflexia of the lower limbs.
Bowel and bladder function loss. Bowel and bladder function

Lower-limb areflexia. loss.
No Babinski sign. Lower-limb areflexia.
No Babinski sign.

Total sensory loss on lower
limbs, niveau in the L.1
dermatome (mons pubis).

Intact Intact

Only sensory disorder: slight Intact
numbness on the left side in the
L5 dermatome

F, female; M, male; AD, Classification by AQ (Arbeitsgemeinschaft fiir Osteosynthesefragen) Foundation; L, lumbar, Th, thoracic.

The operative time and blood loss were recorded. Besides the
extremity neurologic function, the bladder and bowel function
were assessed. No additional instrumented ligamentotaxis was
necessaty in the cases. No neuromonitoring was applied, since it
is not possible in acute cases in our department.

RESULTS

The presented whole-body traction combined with percutaneous
spine fusion was performed in 15 patients (6 female, g male) with
spine trauma injured from compression forces. The average age of
the patients was 47 years old (range 2074 years). Vertebral
fractures developed in the following distribution: twelfth thoracic
vertebra (Th.XII): 5, first lumbar vertebra (L.I): 7, second lumbar
vertebra (L.II): 1, third lumbar vertebra (L.III): 1, and fourth
lumbar vertebra (L.IV): 1. A total of 139 serews were implanted into
70 segments. In the case of 3 older patients, screw implantation
was combined with vertebroplasty augmentation. In 2 cases, we
performed one-level laminectomy also.

Clinical follow-up averaged 16 months. One patient underwent
surgery 4 months before the article submission. One of our pa-
tients was lost for the 12-month follow up.

The spinal canal space narrowing showed an average 6.5 mm
(range 2.6-14.3 mm) postoperative improvement. The fractured
vertebrae's height gain was an average of 11.0 mm (range 3.9—21.9
mm) ventrally and an average of 5.4 mm (range 1-11.2 mm)
dorsally after the surgeries (Table 1).

Preoperative traumatic kyphosis was experienced in 14 cases
with an average preoperative kyphosis of 17 degrees and an
average postoperative kyphosis of 1.8 degrees (Table 2). In the only
LIV fracture, preoperative kyphosis of —21.3 degrees and
postoperative kyphosis of —15.3 degrees were measured.

Operative time averaged 2 hours and 34 minutes (range 70325
minutes), and blood loss averaged 250 mL (range 150400 mL).
The average hospital stay was 6 days (range 49 days). No
neurologic complications were observed, and we didn’t experience
wound healing problems. Eleven patients were neurologically
intact or had a slight neurologic disorder (Table 3), such as
temporary numbness (Figures 3 and 4).

One patient suffered a severe paraparesis with diffuse numbness
and unimpaired vegetative function: she was a 67-year-old woman
who fell down the stairs and suffered an unstable Th.XIL. vertebral
body fracture (A type by AO classification). One level laminectomy
followed the whole-body traction, then percutaneous pedicle screw
fixation was performed with 1o screws. On the 1o-month follow-up,
she walked on her own feet with a cane. Slight distal paresis was
found on the left side (Figure 5). Three patients suffered transverse
lesion with paraplegia, total sensory loss on lower limbs, and bowel
and bladder function loss (Figure 6).

Among the 15 cases, the ligamentotaxis showed slight effec-
tiveness in restoring spinal canal narrowing in 2 cases, although
traumatic kyphosis and height reduction were corrected in these
cases. One of them was a 20-year-old male patient struck by a heavy
log and suffered an AO C-type L.IV fracture (Figure 7). However,
despite the frightening-looking CT scans, the young patient was
miraculously neurologically intact, so laminectomy was omitted.
The only complaint was slight numbness in the L.4 dermatome left
side, which had disappeared at the 3-month follow-up.

The other case was a 64-year-old man who was hit by a car. The
patient suffered an unstable Th.XII. vertebral body fracture (C type
by AO classification), associated with serious spinal canal stenosis
(Figure 8). The complete transverse lesion with paraplegia
developed at the moment of the accident. In our opinion, we do
not see the benefit of the decompression in complete neurologic
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Figure 4. An AO A-type first lumbar vertebra injury was occurred because of
a traffic accident. The first image (A) depicts a bone fragment narrowing the
spinal canal, which later rotated back to its original position following

successful whole-body traction (B). The radiograph image (C) exhibits the
final result 1 year following surgery: partial screw removal, short-segment
fixation, and dorsal fusion were applied. The patient is neurologically intact.

deficit (acute paraplegia, Frankel A) resulting from severe spine
fracture dislocation (e.g., Figures 8 and 9).

At 18-month follow-up, CT and magnetic resonance imaging
scans were performed. The latter still not depicted the develop-
ment of syrinx, the patient’s neurologic state was unchanged.
Follow-up of the patient continues.

DISCUSSION

The combination of whole-body traction and MISS can be applied
safely and effectively for the acute treatment of spinal trauma
resulting from compression forces throughout the spine,
including the sacral region; nevertheless, the number of relevant
publications is limited.” The combination of MISS and
instrumental ligamentotaxis is often cumbersome due to the
limited access of the procedure and the inappropriate MISS
tools for fracture reduction. Usually, only polyaxial screws are
available for MISS that also reduces the capabilities of MISS
tools for fracture reduction.

The authors aimed at solving this issue by the reinvention of
whole-body traction (i.e., extracorporeal ligamentotaxis). The in-
direct decompression provided by the extracorporeal liga-
mentotaxis not only increases the height of the fractured vertebral
body and the neuroforamen, but the correction of the traumatic
kyphosis and spinal canal stenosis is also discernible. The integ-
rity regarding the spinal ligament system is crucial for liga-
mentotaxis. Only fractured bony fragments still attached to the
posterior longitudinal ligament can be repositioned. These frag-
ments are usually located in the midline and joined to the su-
perficial part of the posterior longitudinal ligament. Fragments
located in the lateral position are typically attached only to the
deep layer of the posterior longitudinal ligament; thus, the effect

of extracorporeal ligamentotaxis among these elements proves to
be less efficient.”"**

Stabilizing the spine through the implementation of minimally
invasive methods following extracorporeal ligamentotaxis is
largely advantageous in patients with polytrauma (Figure 9). It
helps to reduce operation time, blood loss, and infection risk. It
also eliminates the risk of a potential cerebrospinal fluid leak
after surgery. Usually, there is no need for extensive open
surgeries in patients with polytrauma.

Whole-body traction is not recommended in specific cases: the
mechanism of injury or the radiologic signs suggest ligamentous
injury. So, it is clearly contraindicated in distraction type injuries
(type B by AO classification). In clear compression injuries (type
A) by AO classification, the method is well suited. It is also well
applicable for type C injuries; however, type C injuries with
distraction origin by AO classification require caution.

The presented method is recommended in patients without
neurologic signs or with slight neurologic impairment. In patients
showing more severe neurologic deficits, the application of the
method is a matter of individual consideration unless a rupture of
the spinal cord is evident (Figure 9). In cases of severe neurologic
impairment, a supplementary laminectomy at the level of the
traumatic stenosis can be beneficial.

Caution should be considered when the patient is suffering
from a multitude of injuries, such as in the case regarding poly-
trauma, e.g., pelvis fractures form an absolute contraindication of
the method. It also should be noted that sometimes only partial
correction can be achieved, similar to conventional open liga-
mentotaxis. This partial fracture reduction is still beneficial and
further corrections can be attempted with distraction tools during
surgery. However, according to the authors’ experience, usually,
no further correction can be achieved by MISS fracture reduction
tools after whole-body traction. It is believed that whole-body

20 WWW.SCIENCEDIRECT.com

WORLD NEUROSURGERY, H1TPs/DOLORG/10.1016/4.WNEL.2021.12.032

33




VIKTOR SZABO ET AL.

Doine More wiTH LESS

FAST, INDIRECT DECOMPRESSION METHOD

traction is much more physiological than conventional liga-
mentotaxis, in which, transpedicular screws are pushed against
the healthy adjacent segments and sometimes pedicles can break
during the distraction maneuver.

CONCLUSIONS

In most cases, the combination of extracorporeal ligamentotaxis
and minimally invasive spine surgery proves to be an effective,
simple, rapid, safe, and cost-cffective solution regarding the sur-
gical treatment of AO A- or C-type fractures resulting from
compression forces obviating the use of dedicated polyaxial screws

and internal traction devices. Further studies are needed to prove
the results of our pilot study presenting only a small number of
cases.
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MINIMALISAN INVAZIV, EXTRAPLEURALIS,
ANTEROLATERALIS GERINCFELTARAS
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A genincsebésretben, mas sebésn terliletekhez hosonldan,
az elmidt évtizedekben vildgszerte o mnimialisan invaziy
elprasok elfrettrése tapaszialhotd, A minimdlisan invaziv
eljrdsokkal bizomitoton cikkenthatd a miiéh véresrtés,
a genmyedés kockdzata, o mikt utani féjdalomszint és a
beteq karhdzi tordrkodasanak ideje. lelen cikkinkben a
Mogyarorszagon Ojdonsdgnak szamits minimdlisan imvozlv
anterclateralis extrapleuralis genndelidrast mutatjiuk be.
Szemben oz elienedt costotronsversedomidval o mini-
maksan mvaziv feltéras direkt raldtést enged o durazsak
ventralis felszingre, valomint @ mdfét udn nem szikséges
mellkasi drendzs alkalmozdsa &s intenziv oszidhos kezelés
A médszer biztonsdpgal alkalmazhatéd o thorocals genne-
szokasz ventralis, ventrolateralis kédohomataiban.

Kulessravalk: gennc, extraplewralis, refropleuralis,

minimdlisen invaziv

MINIMALLY INVASIVE, EXTRAPLEURAL-
ANTEROLATERAL APPROACH TO THE SPIME
Szobé V. MD; Biki A, MD; Déczi T, MD; Schwarcz A, MD
ldeggyogy Sz 2018;71(9-10):293-301.

Im spine surgary, minimally invesive approaches [MIS) are
geting occepted and more popular worldwide duning the
lost decodes. It & due to the reduced infrooperatve blood
loss, decreased infection raote, less postoperotve pain and
earlier discharge from hospital compared to tradibonal
approaches. The present paper puts forward a minimally
invasive extropéeural approach to the thorooc spine that is
not applied in Hungary. This new appreach, in confrast fo
the standard costotransversedomy, provides direct visual
control over the ventral sufoce of tha dural soc.
Furthermaore, confrary to the fransthorocic wiy, following
minimally imosive exroplevral surgery thorooc drainoge
and infensive care are not necessary. The approach can be
applied safely in freatment of ventral or ventroloteral
pathologies of the thorocic spine.

r spine, extraplewrol, refroplewnal,
minimally invosive

Levelezd szerzéd (correspondent]: Dr. SCHWARCT Attila, Pécsi Tudomanyegyetemn, Idegsebészeti Kliniko;
7624 Pécs, Rét u. 2. E-mail: oftila_schwarcziook. pie. hu

Erkezett: 2017. november 30.

Bevezetés

A thoracalis gerincsebészet nehézségeit jol jelzi,
hogy a nevezett gerincszakasz sebésztechnikai fej-
I6dése tobb mint egy évszdzadra tekint vissza, és
jelenleg is zajlik. A kihivast elssorban azok a kor-
képek jelentik, amelyek esetében a gerincveld vent-
ralis-ventrolateralis dekompresszidjara van sziik-
ség. Az évtizedek sordin tibb megkizelitési iriny
alakult ki a thoracalis gerincszakasz feltirisaihoz:

Effogodva: 2018. jonuar 2.

eleinte a hagyomdnyos, hitsd behatolis (posterior
megkézelités) volt a beavatkozdsok kiindulépontja,
majd késébb a csigolyik posterolateralis, lateralis,
illetve anterolateralis irinybdl tiirténd megkdzelité-
se fejlodon ki, javarészt pairhuzamosan.

Az esetleges szividmények, a technikai fejli-
dés, tovabbd az Gregedd tirsadalom dltal az egész-
ségiigyre gyakorolt egyre nagyobb logisziikai és
financidlis nyomads, mds szakteriiletekhez hasonld-
an, a gerincsebészetben is kialakitotta a minimali-

ldeggyogy Sz 2018;71(9-10):293-301. 293



san invaziv eljirdsok irinti folyamatosan névekvd
igényt'.

Az extrapleuralis (mdsnéven retropleuralis) elja-
rasok mdr egészen kordn leirisra keriiltek, azonban
a szakmai kiztudatba McCormick kizlése utin
keriiltek be, alig tobb mint két évtizede®. Jelen cik-
kiink célja a minimdlisan invaziv anterolateralis
extrapleuralis gerincfeltiris hazai bemutatisa. A
bevezetd tibbi részében az eddig elterjedt hagyo-
méinyos thoracalis gerincfeltirisokat és az altalunk
hazinkban bevezetett minimdlisan invaziv antero-
lateralis extrapleuralis gerincfeltirist ismertetjiik.

POSTERIOR MEGKOZELITES

A hitsod feltirdsok koziil legkoribban a dekomp-
ressziv laminectomia vilt ismertté a XIX. szizad
végén’. Jo ideig standard eljirisnak szdmitott,
annak ellenére, hogy magas morbiditasi mutatdkkal
birt, elstsorban a thoracalis gerincveldszakasz
mozgatisdbdl adédo artalmak miatt*. A feltirdst a
mal gyakorlatban legtébbszir a thoracalis gerine-
metasztizisok vagy intraduralis daganatok eltivoli-
tisdra haszniljik.

A thoracalis gerinc hdtulsd megkbzelitésénél is
alkalmazhatik a Banczerowski és munkatirsai dlal
kifejlesztett minimalisan invaziv technikak®.

A posterior transduralis feltirdst 2010-ben k-
ziltek. Elsdsorban a thoracalis szakasz centrilis
sérveinek a megoldisira kindlhat altermativdt. A
mddszer objektiv megitélése az alacsony kizilt
esetszdm miatt egyeldre virat magira'™ "',

POSTEROLATERALLS MEGKOZEUTES

A posterolateralis megkbzelitések leginkdbb elter-
jedt vidltozatit, a costotransversectomiit Hulme
kozilte 1960-ban'. Az egy- vagy kétoldali costo-
transversectomia legfdbb indikicidjit a csigolyait-
tétek sebészi elldtisa adja® ", azonban jél hasznil-
haté akkor is, ha a gerincveld anterolateralis de-
kompressziojdra van szilkség, példiul egy porcko-
rongsérv esetében. A costotransversectomia sordn a
beteg hason vagy 15-20 fokban elforditott, hason
fekvd pozicidban helyezkedik el a miitGasztalon. A
két pediculus dltal kijelGlt sikban toreénik a mitét.
Altaliban a dura oldalsé és ventrolateralis felszine
is latdtérbe hozhatd. Tébbnyire a borda proximalis
pér centiméteres szakasza, az adott oldali lamina és
kisiziilet, valamint ennek megfelelden a csigolya-
test fovea costalist tartalmazd részlete keriil eltivo-
litdsra'* 5. A korfolyamat elhelyezkedésétdl fiigad-
en a bordareszekeid vilogatott esetekben elkeriilhe-
o',

Az eljards fo hdatrdnya, hogy a durazsdk eliilsd

294 sicbs: Extrapleuralis gerincleliarés

Lataralis extracaviter
(LECA)

Extrapleuralis

ey,

1. dbra. A Lizleményben bemutatott thoracalis gerine-
feltdrdsok tipusaif mutatia az dbra. Nyilak jelzik, hogy
milven sziighen tdrténik a rdldatds a durazsdkra egy
dekompresszid sordn. A besatirozont részek pediy azt
szemlélietik, hogy az adont feltdrdsbil o cxigolvdk mely
részel érhetdk-tavolithatdk el egy mitét sordn

felszinére nem enged direkt rilitist, szemben az
anterolateralis feltirisokkal (1. abra). Tovibba az
esetlegesen ellenoldalon is jelen lévi kdrfolyamat
egy oldalrél nem elérhetd. Szintén kedvezitlen,
hogy a szegmentilis artéridkbdl vérzés indulhat egy
corpectomia sorin, és a limitilt betekintési szig
miatt a vérzés csillapitisa nehézkes lehet'".

LATERALIS MEGKOZELITES

Kiilféldtn az utdbbi néhiny évtizedben terjedt el a
lateralis irdnybdl valé direkt megkozelités (1.
abra). A lateralis extracaviter megktzelitést (late-
ral extracavital approach, LECA) elsSként Larson
és munkatirsai kizolték 1976-ban'®.

Az eljirds sorin a costotransversectomiihoz
hasonldan a fali pleura megtartisa a cél, azonban a
feltdrist, és sziikség szerint a bordareszekcidt late-
ralisabban kiterjesztik. Igy a héti csigolydk lateralis
oldalrél kizelithetdk meg anélkiil, hogy a mellireg-
be vagy a thoracolumbalis dtmenet sebészete sorin



a hasiiregbe hatolndnk, a feltirds a peritoneumzsa-
kon és a fali pleurdn kiviil torténik. Ez gyvorsabb fel-
épiilést eredményez. Amellett, hogy jol lithatova
teszi a dura ventrolateralis részét, sziikség esetén,
megfelelden vezetett metszésvonallal egy iilésben
hitsé rogzités is végezhetd'®. A LECA-feluirishoz
dltaldban dorsalisan a kzépvonalban vezetett hosz-
szl metszés sziikséges, s a paravertebralis izomzat
levilasztisa és mobilizicidja szintén elkeriilhetet-
len. A LECA-feltirdst a gerinc daganatainak elti-
volitisdndl, illetve deformitiskorrekcid céljabél
végzett corpectomia esetében haszniljik leggyak-
rabban. A feltiris kiildndsen kedvezd abban az
esetben, ha a daganat paravertebralisan is terjed.

AMTEROLATERALIS MEGKOZELITES — TRAMSTHORACALIS
THORAC OTCMLA

A costotransversectomia elterjedése utin nem sok-
kal Perot és Munro irta le az anterolateralis
megkdzelitési transthoracalis thoracotomia mdd-
szerét™. A thoracotomia direkt rdlatist biztosit a
csigolyik elilsé-oldalso felszinére anélkil, hogy a
paravertebralis izomzatot levdlasztanink és mobili-
zilnink. Az eljris hatékonyan alkalmazhatdé a
gerinc eliilsd oszlopdt érintd korfolyamatok eseté-
ben: példiul a csigolyatest daganatos, degenerativ
vagy gyvulladdsos elviltozdsal sorin. Gerinctrauma
és thoracalis porckorongsérv kezelésében is egy jil
hasznilhatd megkizelitést jelent.

A dorsalis és lateralis megktzelitésekhez képest
jobb rdlitist biztosit a dura teljes ventralis felsziné-
re. A modszer hatrinya, hogy a thoracotomia miatt
szividmeények fordulhatnak eld, mint tiddsériilés,
pneumonia, haemothorax. A feltirds sordn mindig
keletkezik pneumothorax, azaz a posztoperativ id6-
szakban 2-3 napra mellkascsd behelyezése sziksé-
ges és a beteg ennek megfelelGen intenziv osztilyos
elhelyezést igényel. Az esetleges liquorszivirgist
pedig a szokdsosndl is szigonibban kell venni tho-
racotomids feltirds sordn: a negativ melldri nyomas
liguorfistulit tarthat fenn, mely kezelése hosszadal-
mas, és kirilményes lehet™.

AMTEROLATERALIS MEGKOZELITES - MIMBALISAM INVAZN
ANTEROLATERALIS EXTRAPLELIRALIS THORACOTOMLA

A minimélisan invaziv anterolateralis extrapleuralis
gerincfeltiris (1. abra) elonye a hitulso feltirasok-
kal szemben, hogy direkt rilitist biztosit a gerinc
eliils-oldalsé részére, igy a gerincveld elilsé de-
kompresszidgja megfeleld vizudlis kontroll mellett
végezhetd. A retropleuralis feltirisnak kiszbnhe-
tden nem szilkséges a miitét utin mellkascsd behe-
lyezése, eziltal a 2-3 napos intenziv osztilyos ke-

zelés is elkeriilhetd. A pleuraiir intakt marad, igy
haemothorax sem alakulhat ki. A betegek mir a
miitét masnapjin mobilizilhatok, ennek megfeleld-
en a betegek emisszidja is tibb nappal koribban
megtirténhet szemben a hagyomdnyos thoracoto-
mids feltirdsokkal. Az extrapleuralis feltiris indi-
kdciol megegveznek a transthoracalis thoracotomia
indikdcidival.

Esetismertetések

Ebben a fejezetben néhiny eseten keresziiil a thora-
calis gerincfeltirdsok f6 fajtdit szeretnénk bemutat-
ni: 1. hagyomdnyos costotransversectomia, 2. late-
ralis extracaviter megkdzelités (LECA), 3. minima-
lisan invaziv extrapleuralis thoracotomia. A hazai
kiirnyezetben djdonsignak szdmitd minimdlisan
invaziv anterolateralis extrapleuralis gerincfeltiris
létjogosultsigit tibb eset bemutatisival szeretnénk
hangsiilyozni.

COSTOTRANSVERSECTOMLA

Az extrémen obes (testsily 123 kg) nobeteget
akutan romld, progressziv paraparesis miatt vetfiik
fel osztilyunkra. Felvétele elGtt két héttel dll6 hely-
zethdl Gsszeesett, ezt kiivetden ldbait gyengébbnek
érezte. Ez a gyengeség fokozddott, felvételekor
jarasképtelen volt. Deréktdl lefelé zsibbadisrol,
érzéketlenségril sziamolt be.

Statuszibdl kiemelendd az alsé végtagok bal
oldali wilsdlyd, 2/5 sdlyossdgl paraparesise, tovib-
bi fokozott alsé végtagi mélyreflexek, kétoldali
Achilles-clonisatio, kétoldali Babinski-jel. A thora-
calis IX-es szegmenttdl distalisan hypalgaesidt jel-
zett. Vegetativ zavart a beteg nem tapasztalt.

A gerinc-MR- és -CT-vizsgilat Th.VIL. magas-
sdgban gerincveldt jelentsen komprimdld, myelo-
pathidt okozd porckorongsérvet mutatott (2. abra).
A koponya MR-vizsgilata agyillominyi kdros
jelintenzitis-viltozdst nem irt le.

Tekintettel arra, hogy a meszes porckorongsérv
inkdbb lateralisan helyezkedett el, illetve figyelem-
be véjve a beteg siilyos obesitasdbdl adéds extrém
mellkaskdrfogatot (azaz nem dlltak rendelkezésre
elegendGen hosszi miiszerek egy anterolateralis
megkizelitéshez), a betegnél a hagyomanyos cos-
totransversectomids feltarast vilasztottuk. A miltét
sordn bordareszekeit végiil nem vilt sziikségessé.

Mitén modszer

Tekintettel az extrém obesitasra, egy kiizépvonalat
éppen meghaladd, jobb oldalra kérilbeliil 6 cm-ig
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2. dbra. A CT-képeken (felsd sor) a Th. VII. magassag-
ban elhelyezked, myelopathidt okoz6 meszes
porckorongséry abrazolodik. A jobb oldali

axialis kontroll-CT-felvételen lathato, hogy a porcko-
rongsérv meszes része is elfurdsra kenilt. Az alsé mitéti
képen a jobb oldali patké alakii metszés lathato. A patko
alakit metszésre azért volt szitkség, hogy a 4 cm vastag-
sdagu subcutan zsirréteg (MR-képeken mérve) ne akadd-
lyozza a gerinc oldalsi-hdtso felszinére a ralatdst, egy
oldalra torténé eltartas soran. Az oldalrol valé betekin-
tés feltétleniil sziikséges volt a kizépvonalig terjeds,
ventralis osteophyta biztonsdgos elfurdsahoz. A képen a
m. latissimus dorsi alsé része is lathato a feltards kize-
pén

terjedd, koriilbeliil 10 cm-es alappal rendelkezd pat-
ko alaku metszést ejtettiink a Th. VII. porckorongra
centrilva. Mivel a subcutan zsirréteget és a bont
kozépvonal felé, medial felé hajtottuk ki a patkéd
alakd metszés alapjdhoz, igy oldalt a tobb centiméter
vastag subcutan zsirréteg nem akadalyozta a ralatast
a gerinc oldals6-hatso felszinére (2. dbra).

Ezt kiivetden subperiostealisan vilasztottuk le a
paravertebralis izomzatot, majd lateral felé tartottuk
el. A Th. VII-VIIL. kézotti facetet, illetve a Th.
VIIL. processus transversus egy részét és a Th. VIL
pediculust eltdvolitva a Th, VIl-es discust feltirtuk.
Bordareszekciora nem volt sziikség. Mikroszkop
alatt megnyitva a gerinccsatoma lateralis részét a
myelon elé tudtunk firni, igy a porckorongsérvet a
meszes osteophytaval egyiitt el tudtuk tivolitani.
Tekintettel a teljes Th. VII-VIIIL. facetectomidra,
illetve a beteg komoly nilsdlyara és a gerinc eliilsé
oszlopanak a meggyengiilésére (discectomia), Th.
VII-IX. egyoldali rogzitést végeztiink transpedicu-
lanis csavaros rudas rendszer segitségével. Kont-

rollképeken lithaté a meszes porckorongsérv elta:
volitdsa (2. abra). A mitét utin hat héttel, a kont-
rollvizsgalaton, mar jaréképes volt a beteg, parapa-
resise minimdlisra cstkkent, az alsé végtagi zsib-
badas teljesen megsziint.

LATERALIS EXTRACAVITER MEGKOZELITES (LECA)

A kozépkora betegnek mellékleletként, tiidoszirGr
deriilt fény bal oldali homokéra-daganatira. A
betegnek a daganat panaszt nem okozott, de a daga-
nat eltivolitasit szerette volna. A daganat Th. VIIIL.
csigolya magassagiban helyezkedett el, mind :
gerinccsatorna, mind a melldr felé lateralisan ter
jedt (3. 4bra). Igy a daganat elhelyezkedése miatt :
LECA-mdédszer tint a legmegfelelGbbnek. A bér-
metszés itt is patké alaka volt, hasonléan az el6zé
esethez. A patké alakd bérmetszéssel a daganal
lateralis széle kdnnyebben elérhetd.

Miitéti modszer

Th. VIIL csigolyatest mellett elhelyezkedd dagana
a miitét kozbeni anteroposterior rontgenképeken is

3. dbra. A bal oldali képeken jol ldathaté a Th. 8
idegevokbol kitndulé, homokoraszeriien elhelyezked(
bal oldali schwannoma. A jobb oldali képeken ldthatd a
schwannoma eltavolitdsa utani allapot: a Th. VIIL. lami-
na, pediculus, processus transversus és a VIll-as borda
egy része is eltgvolitasra keriilt. A lateralis extracaviter
megkizelités a durazsak eliillsoé felszinére nem engea
direkt ralarast, foleg a gerincoszlop oldalan elhelyezke-
dé korfolyamatok esetében alkalmazhaté biztonsdggal



dbrizoladott. Igy a daganatra centrdlva a bal olda-
lon, a kbzépvonaltdl 5 cm-re érd enyhén ivelt,
dsszesen kiriilbelil 10 cm hosszid, patkd alakd met-
srést ejtettiink. A fasciaréteg felett a bort és sub-
cutan zsirt kiilin vialasziottuk le és medial felé
kihajtottuk. Ezutin a processus spinosusok bal
oldalin, subperiostealisan az izomzatot levilasztot-
tuk, és eltartottuk, majd Th. VIII-TX. facetectomiat
végeztiink. Lathatva vilt a foramenben elhelyez-
kedb schwannoma. A daganatot az intraduralis ter-
jedéssel egyiitt medial feldl eltavolitotuk, majd
duraplasztikdt végeztiink. A lateralis rész felszaba-
ditisdhoz a Th. VIII. csigolya processus transversu-
sit és a VIII-as és IX-es bordik egymais felé nézd
részeit is eltivolitottuk. A daganat distalis részénél
az ideggyikit éppen dtvigva pleurit megirizve a
daganat egyben eltivolithatd volt. Tekintettel a be-
teg vékony testalkatdra, illetve a gerinc eliilsd osz-
lopdnak sértetlenségére, gerincrigzitést nem alkal-
maztunk. A posztoperativ kontroll-CT- és -MR-
vizsgilat a daganat in toro eltivolitisdt megerdsitet-
te (3. abra), pneumathorax nem volt lithatd. A
mitét utin a betegnek neurologiai kdrjele nem
alakult ki, dtmenetileg volt a miitéti teriiletnek meg-
felelden lokilis fajdalma, késGbb ez is megsziint.

MINBALISAH INVAZRV EXTRAPLEURALIS THORACOTOMLA

Ebben a fejezetben az alibbi hirom esette]l szeret-
nénk szemléltetni, hogy az dltalunk alkalmazott
technikdnak (mindlisan invaziv, extrapleuralis tho-
racotomia) a hazinkban dltalinosan elterjedt thora-
calis gerincfeltirisok mellett van légjogosultsiga.
Az extrapleuralis feltirisnak kszonhetden a mi-
tétek utin pneumothoraxot egyik esetben sem ta-
paszaltunk.

1. thoracolumbalis junctiobdl meszes porcko-
rongsérv eltivolitisa, ami egyszerre retropleuralis
és retroperitonealis feltdrdst is sziilkségessé tett a
lokalizdcid miatt, 2. thoracalis porckorongsérv eltd-
volitisa, direkt eliilsd dekompresszidval, 3. spondy-
lodiscitis miatt thoracalis corpectomia, direkt eliilsi
dekompresszidval.

THORACOLUMBALIS JUMCTIOBOL MESZES
PORCEOROMGSERY ELTAVOLITASA

A kiizépkoni obes nébetegnek évtizedek d6ta voltak
derékfijdalmai. Az utébbi hdnapokban a beteg ja-
rastivolsiga 5-10 méterre csikkent és terhelésre
diffiizan a derékba, csipdkbe és az alsé végtagokba
sugirzd fijdalmat tapasztalt. Fizikilis vizsgdlata
sordn kétoldali Achilles-areflexian kiviil objektiv
neurologiai eltérést nem taliltunk.

Az elvégzett thoracalis és lumbalis gerinc-CT-

4. dbra. A micér elom MR- és CT-felvételeken {felsd sor)
ldthatd a perincveldr komprimuld, a pennccsaformds
csaknem kidltd Th, X1, meszes porckorongsérv. Az also
sorban ldthatd o CT-képeken a Th, XIT — L. I meszes

porckorongséry  eltdvolitasa widni dllapot. A meszes
ostecphyta i elfurdsra kerdilt, a Th. XII. éx L. I csigo-

Ivadk hatulse részében minimdlis csonthidny abrdzelodik,
Az axidlis képen (alsd sor) lathaté a Th, X1 cxigolyva
mellett a retroperitoneumban a vese a bal oldalen, iller-
ve a borda mellett egészen vékomy cxikként abrazolodik a
diaphragma €5 a gerine mellé lenvile tiidddNomany és
plewrakettdzer (fehér nyil )

és -MR-vizsgilat a Th. XII. - L. . szegmentumban
elhelyezkedd, igen nagymeérerd, a gerinccsatornit
kitéltd, kiszakadt, részben meszes porckorongsér-
vet muiatott, mely a conus-cauda dtmenetet komp-
rimilta (4. abra). Tekintettel a kizel jarisképtelen
illapotra és a jelentds térfoglaldst okozd Th. XIIL.
porckorong sérvesedésére, annak mitén kezelését
javasoluk.

Miitéri modszer

Miutin a képerisitdvel ellendnztilk a magassdgot a
Th. XIl-es porckorongra centrilva, a porckorong
vetiilete filott a Xl-es borddval egyezd irdnyban
egy kiriilbelil 6 cm hosszi metszés ejtettiink, majd
ricsmetszést alkalmazva jutottunk a Xl-es borda

felszinére. Az intercostalis izmokat dtvdgva a bor-
dit kirilbelil 6 cm hosszan reszekiltuk. Extra-

pleuralisan haladva jutottunk a gerinc bal oldaldra,
pleurasériilést nem tapasztaltunk. A feltirds sordn a
diaphragmat is levilasztottuk a gerinc oldalso fel-
szinérdl az extrapleuralis sikban, itt a retroperitone-
umba jutottunk. A fali pleura alatt a belégzésekkel
mozgd tiddt a fali pleurdval egyiitt lapocokkal
medial és felfelé tartottuk el. A retroperitonealis
zsirt a gerincrdl részlegesen levilasziott diaphrag-
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mival egyiitt medial felé tartotiuk el. Lithatdva vilt
a m. psoas eredése az L. I. csigolya oldalsé felszi-
nén. Ezt kivetden mikroszkop alatt discectomidt
végeztiink, tovibbd a durazsik eliilsG felszinére
direktben rilitva a meszes osteophytit fird segitsé-
gével eltivolitotiuk (4. abra). A mitétet kiivetden a
beteg jardstivolsdga az dltalinos fizikai dllapotinak
megfeleld szintre tért vissza, neurologiai tiinete
nem alakult ki, derék- és alsd végtagi fijdalmai
jelentdsen mérséklodiek.

THORACALIS PORCKOROMGSERY ELTAVOLTASA,
DREET ELOLSE DEKOMPRESSZICVAL

Az 1990-ben sziiletett férfi betegnél 2013-ban sze-
ropozitiv Devic-betegséget diagnosztiziltak. A be-
tegnél jelentds licisromlis és silyos paraparesis
alakult ki, spasticus alsd végtagi tonusfokozddassal.
A betegnek 1j keletd panasza jelentkezett 2017 ma-
jusdban: térzsizomzata meggyengiilt, enyhe tirzs-
ataxia alakult ki, illetve paraparesise jelentisen
rosszabbodott. Hati gerinc-MR-vizsgdlat késziilt,
melyen Th. VL porckorongsérv mutatkozott (5.
dbra).

Ideggvogyiszati vélemény szennt a beteg dlla-
potrosszabboddsdban a hat porckorongsérv koroki
szerepe nem volt kizdrhaté. Igy a porckorongsérv
eltivolitisa mellett dintittiink, azért, hogy a beteg
jaroképességét meglrizzik, illetve a thrzsataxiit
esetleg csikkentsiik.

A beteget intratrachealis narkézisban, oldalfek-
tetéshen helyeztilk el a mitdasztalon, a beteg fel-
karjit a feje felé kizelitettilk azért, hogy az axillaris
arok felnyiljon (5. abra).

Miiréni modszer

Miutin a képerdsitovel ellendriziiik a magassiagot, a
Th. VI-VIL. porckorongra centrdlva a Vl-os bordai-

5. dibra, A kfpen bal oldalon a Th. VI porckorongséry dbrdzolddik,
mely a myelont jelentdsen komprimedlja. A kiizépsd képen a beteg fek-
teréxe ldiszik. A jobb kar felkitve, kipdmdzva lithard, hogy az axillaris
drok alatti rész hozzdférhend legyven. A multér urdn ldthatd a zdr miité
seb, illetve a bordadarab, mely elidvolitdsra kerillt a miién feltdrds-
hoz. Jobb szélsd képen mikroszhdp alan ldthatd o durazsdk eliilsd fel-

szine a porckorongséry eltdvolitdsa utdn
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val parhuzamosan egy ferdén lefelé futo, koriilbeliil
8 cm hosszi metszést ejtettiink, majd racsmetszést
alkalmazva jutottunk a Vl-os borda felszinére.

Mindvégig gondosan tigyelve a pleura parietalis-
ra, a bordit kériilbelil 6 cm hosszan reszekdltuk.

Ezt kiwvetden extrapleuralisan a gerinc oldalsd
felszinére jutottunk, oly mddon, hogy a fali pleurit
aprolékosan, tompdn levilasztottuk a mellkasfal
belsi oldalirol, illetve a gerinc oldalsd felszinérdl.
A tiid6t a fali pleurdval egyiitt eldrefelé tartotiuk el
Mikroszkop alait a Th. VL. és Th. VIL csigolyates-
tekben dorsalisan fiirdval tireget képeztiink, majd a
porckorong dorsalis része keriilt eltivolitisra, csak
a csonthiinynak megfeleld szakaszon. A porcko-
rongsérvet ezt kiivetien a csigolyatestekben dorsa-
lisan kialakitott diregbe tudtuk billenteni és eltivoli-
tani. A porckorongsérv eltivolitisa utdn a dura tel-
jes ventralis felszinére rilittunk, meggydzidve ar-
rdl, hogy ventralisan tovibbi kompresszié nem dll
fenn (5. dbra).

Valsalva-manivert alkalmazva a tiidd a fal
pleurival egyiitt kitigult, majd rétegesen sebet zdr-
tunk. A miitét utini kbzvetlen CT-vizsgdlat pneu-
mothoraxot nem mutatott. A felvételeken jol litha-
to az anterolateralis megkizelitésbil eredé csont-
hidny (6. dbra). A mitét utin a beteg neuroldgiai
dllapota nem viltozott, sem az ataxiiban, sem a
paraparesishben nem sikeriilt viltozadst elérni.

SPOROYLODISCITIS MIATT THORACALIS CORPECTOMIA,
DHREET ELULSE) DEKOMPRESSZICVAL

A 64 éves férfi betegnél 2017 mdjusiban kétoldali
pneumonia igazolodott, majd nagy mennyiségi
melliiri exsudatum miatt tobb lépésben mellkasi
drendzs tirtént. Hin fijdalom és silyos paraparesis
miatt gerinc-CT- és -MR-vizsgdlat késziilt. A felvé-
teleken Th. X-XI. csigolyik spondylodiscitise és
kivetkezményes myelonkompresszié igazolddott
lokilis kyphosissal. Tekintettel a silyos
paraparesisre, mitén kezelés mellett
dontottiink.

Miiréti modszer

Miutin képerbsitvel ellenbriztik a
magassdgot, a Th. X. = Th. XL csigo-
lyikra centrilva, a X-es bordival péir-
huzamosan egy ferdén lefelé futd,
kiriilbelil 8 cm hosszi metszést ejtet-
tiink, majd ricsmetszést alkalmazva
jutottunk a X-es borda felszinére (7.
abra).

A feltdrds lépései ezt kilvetben meg-
egyeztek az eldbbi esethben ismertetett



6. dbra. A marér usdn hat drdval készilt kontroll CT-fel
véleleke! mutatpa az dbra. A bal oldalon a porckorong
sérv eltdvalitdsa utdni csonthidny dbrizolodik a saggita
lis irdnyi CT-képen. A jobb oldali axidlis képen a csont
kidnybol megfigyvelhetd a minimdlisan invaziv, anterola
teralis, retropleuralis feltdrds hozzdveidleges tengelye.
Lithatd, hogy a durazsdk teljes elilsd részés dekompri-
mdituk, illetve jol megfigyvelhetd a ridbrajzolat a teljes
jobb oldali mellkasfélben, prewmothorax nem dbrdzolo-
dik

matéti Iépésckkel. A fali pleurit sérillésmentesen
tudtuk levilasztani mindkét csigolyatest oldalso fel-
szinérbl.

A kovetkezd lépésben Th. X. és Th. XI. corpec-
tomidt végeztunk és a gerincveldt végig felszabadi-
tottuk, A Th. X. és Th. XI. csigolydk helyére Synex
lumbalis cage-et (Johnson and Johnson, Raynham,
USA) feszitettiink be (7. ébra), mikézben a kypho-
ticus gerincszakaszra kézzel nyomadst gyakoroltunk
a kyphosis cstkkentése oéljabol.

Valsalva-mandvert alkalmazva a wid6 a fali ple-
urdval egytin kitigult. A corpectomia helyére szivé
drént helyeztiink, majd rétegesen sebet zirtunk.
Ugyanebben az altatidsban a Th. VIIL, Th. IX_, Th.
XII. és L. L. csigolyik transpedicularis percutan
rogzitését is elvégeztitk, Osszesen nyolc darab,
egyenként 2 cm hosszd szdrt seben keresztul. A
matét utdni idészakban készilt kontroll-CT-felvé-
teleken pneumothorax nem dbrizolédott. A beavat-
kozast kovetGen a beteg alsé végtagl izomereje
javuldst mutatott, minden izomcsoportban mozgas
volt kivitelezhetd. A beteget rehabiliticios osztdly-
ra emittdltuk, tovabbi antibiotikum-terdpia mellett.

Megbeszélés

Napjainkban, hazdnkban a thoracalis gerincszakasz
sebészetében dltaldnos gyakorlat a costotransver-
sectomia és a transthoracalis thoracotomia végzése.
E mdédszerek mellett a minimalisan invaziv extra-

7. &bra. A felsd képen a spondylodiscitisben érintets Th
X. és Th. Xi, esigolydk vetdilete ldtszik a mellkasfaira. A
ferdén elbre, lefelé futéd vonal a tervezett birmetszést
mutatja: a metszésvonal a Th. X-ex csigolyatess hdtulso.
Sfelsd sarkdbdl a Th. Xl-es csigolyatest elils¥-also sarkd
ha vezet, a kizépen futéd X-es borddval pdrkuzamosan.
Az alsé képpdr bal oldaldn intraoperativ kép ldiszik a
feltdrdsrdl. A felidrds mélyén a Th. X. é Th. XI. corpec
tomia helyére befeszitett Synex cage ldthaté. A jobb
oldalon a hdrom darab feltdré lapdtnak megfelelben az
elwarton 1ido és fali pleura ronigendmyékot adé vonala
FOl dbrazolodik

pleuralis anterolateralis gerincfeltirds valédi alter-
nativit jelent. Az eljards a nemzetkozi irodalomban
mdr kordbban ismertetésre kerillt, azonban eddig
sem Magyarorszdgon, sem killfoldén nem terjedt el
széles kbrben. Fontos megemliteni, hogy az extra-
pleuralis, minimdlisan invaziv thoracalis feltirdst
minden esetben mellkassebész nélkill végeztuk. A
bemutatott technikit az idegsebészek konnyen ol
tudjdk sajatitani, ha jdrtasak a hagyomanyos costo-
transversectomids és LECA-feltarasokban. Mell-
kassebész segitsége csak nem van szovGdmények
esetében (példdul tidGsénilés, aortasériilés) szilksé-
ges, véleménylnk szerint. A killénbizd thoracalis
gerincmegkozelitések jellemzéit az 1. téblézat mu-
tatja.

Az altalunk alkalmazott minimadlisan invaziv
extrapleuralis feltirds elézménye a McComick
dltal kdzolt megkozelités’. A bemutatott médszer
azonban részleteiben mar cltér a McCormick altal
kizolektSl™ *: az esetiinkben alkalmazott bérmet-



= 57é5 68 cm-es, spemben a McCommick dleal kozilt
# 12 cm-rel. A joval kisebb behatoldsi kapu mellett a
_E sziveteket kisebb kiterjedésben roncsoljuk, tovib-
% £ E bi McCormick modszerével ellentétben nem
£ |5 2 o ; szilkséges dupla lumend tubus alkalmarzdsa, az
I b 1 1 o adott tiid&fél deflacidja sziikségtelen.
il = A minimdlisan invaziv extrapleuralis anterolate-
- [ ralis gerincfeltiris dgy dtviizi a ransthoracalis tho-
£2 E E_ £ E_ racotomia és a costotransversectomia eldnyeit,
23 g & g g hogy egyittal alkalmazkodik a minimédlisan invaziv
g 3 a  m = @ szemlélethez. A transthoracalis eljdrisokhoz hason-
=|T = o & léan e modszerrel a durazsik/gerincveld eliilsd
dekompresszidja direkt vizudlis kontroll mellett
P végezhetd. Az extrapleuralis feltirisndl, a costo-
% transversectomiihoz hasonléan, nem sziikséges
e mellkascsd behelyezése miitét utdn, hiszen mindvé-
Ty '3 gig testiiregen kiviil maradunk a beavatkozds sordn.
£2 + A transthoracalis megkdzelitéshez képest a retro-
aEL ' ' - pleuralis feltirds dtlagosan kiriilbeliil 30 perccel
hosszabb a fali pleura gondos levilasztisa miatt. Az
E extrapleuralis feltiris véleményiink szerint gyor-
z sabb felépiilést, kisebb fijdalomszintet és kevesebb
'E @ szividmeényt eredményez, bdr ezen illitisok az ala-
o Z & csony esetszdm miatt még nem igazolhatok statisz-
N E 2 + + + tikailag. Bizunk benne, hogy ez a minimalisan inva-
= = L - ziv modszer elterjed hazdnkban, tekintettel arra,
B hogy szinte minden, a thoracalis gerinc eliilsb felét
i = érintd kdrfolyamatban alkalmazhatd.
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ORGINALARTIELE

The Alternative Approach to the Lumbosacral Segment: The Right-Sided Oblique Lumbar
Interbody Fusion Compared with Anterior Lumbar Interbody Fusion

Viktor Szabd', Baldzs Berta’, Mété Nagy', Dominik Kulcsar', Gabor Perlaki'~, Attila Schwarcz'

BACKGROUND: Anterior lumbar interbody fusion with
dorsal percutaneous pedicle screw fixation (ALIF+D)is a
well-described technigue treating lumbosacral degenera-
tive diseazes. Mobilizing the common iliac ateries and
veins during the ALIF+ D approach may increase the risk of
bleeding when the bifurcations are low. This study dem-
omstrates that in such cases, the right-sided obligue lumbar
interbody fusion with dorsal peremtaneous pedicle screw
fixation (OLIF+D) offers a novel alternative to the ALIF+D
approach.

METHODS: Tweniy-one patienis were operated on with
the ALIF+D approach, and 20 patients were operated on
using the right-sided OLIF+D technigue. Computed
tomography—based imaging amd clinical data, such as
patiemt-reported owtcomes, were collected.

RESULTS: Both ALIF +D and OLIF+ D surgeries elicited
a statistically significant decrease (P< 0.001) between the
preoperative and postoperative Oswestry disability index
and the back and leg pain visual analog scale scores. A
significant increase was obsernved in both techniques be-
tween preoperative and postoperative anterior segmental
height, posterior segmental height, and segmental lordesis
(P < 0.001). There were no statistically significant post-
operative differences between patients operated by

ALF+D and patients operated by OLIF+D in the
segmental lordosis angle (P = 0.354), anterior segmental
height (P = 0.297), posterior segmental height (P = 0.404),
Oswestry disability index (P = 0.824), or back and leg vi-
sual amalog scale scores (F = 0682 and P = 0979,
respectively). The OLIF+ D group showed trend-like higher
hiood loss (198 + 118 mL vs. 134 + 77 mL P = 0.058) and
significantly longer surgical time (199 4+ 47 vs. 169 + 54
minutes; P = 0009) compared io the ALIF+D group.

CONCLUSIONS: The right-sided lumbosacral OLIF+D
approach is an alternative to the ALIF+D approach if the
latter 15 hazardous due to vessel anatomy.

INTRODUCTION
pimal fusion treatment of degenemtive spine diseases aims
to decompress newve structures, reduce deformities, and
restore stability.

There are 2 main decompression technigues in lumbosacral
fusion surgery. The dorsal approaches [e.g., posterior lumbar
interbody fusion, tmnsfomminal lumbar interbody fusion)
grant the direct decompression of nerve structures. In contrast,
the anterior and oblique group (e.g., anteror lumbar interbody
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fusion [ALIF], obligue lumbar interbody fusion [QLIF],
extreme lateral interbody fusion) allows indirect decompres-
sion, The benefits and risks of the various techniques are well
described.'

Due to vascular anatomical chamcteristics, opemting on the
lumbosacral junction could be challenging from the antedor or
obligue direction.™ The lumbosacml disc can be approached
between the common iliac artery [CIA) and common iliac vein
[CIV) or lhiteml to them.

At least 4 technigues exist in the anteror and oblique fusion
technigque group to complete the abovementioned swgical goals
for the lumbosacml junction.*

The best-known is the clissic ALIF technigue, when the patient
is in Da Vinci position, and the approach is from the anteror
direction via Plannenstiel incision, reaching the disc between the
blood vessels.®

The second option regarding cage insertion is also a “between
the blood vessek” techmigue. However, the bitem| decubitus po-
sition and the ncision place suggest that this combines the ALIF
and OLIF techniques.®

Further surgical options would be the lumbosacral extension of
the OLIF technique biteml to the blood vessels from the right or
left side.”” The kateral lumbar intetbody fusion, also known as
extreme lateral interbody fusion or direct lateral interbody fusion
method, is unsuitable for the mbosacral junction.”

The main sk of anterior and oblique appreaches to the spine is
bleeding. The more obscured the lumbosacral disc & by the
commaon iliac veins and arteries, the maore the blood vessel must
be mobilized and retracted to remove the degenerated disc and
insert the cage, increasing the risk of bleeding and
thrombosis, ™"

Magnetic resonance imaging can predict the possibilities of
blood wessel mobileation. The cassic ALIF method can be rec-
ommended if the bifurcations of the commeon iiac arteries and
veins are located cranially from the fifth lumbar disc, and the
anterior surface of the fifth imbar disc is free or only minimal CIV
mohbilization is required. If the bifurcations are located low
(Figure 1), or the left CIV does not have a fat plane or is attached to
osteophytes, the mobilization of CIV i associated with a greater
risk of blecding. ™

Examining further possible risks during the surgical apprach,
retrograde cjaculation can be one of the disadvantages of “be-
tween the vessels” technigues. However, with proper technigue,
this possihility is low and may be overestimated.”

Among the oblique approaches to the lumbosacml junction, the
left-sided “liteml to blood vessels” OLIF technigue is usnally
preferred.™ In the absence of literature dats, anecdotally, the
right-sided “hteml to blood wvessek™ lumbosacml OLIF tech-
nigue is considered dangemus and the least prefemed
techmique. ™™

This single-center study aimed to demonstrate the feasibility
and safety of the right-sided (left lateral decubitus position)
lumbosacral OLIF approach compared with the classic ALIF
technique based on cinical and mdiclogical measures. When the
vascular anatomy makes “between the blood vessels” technigues
such as the ALIF approach hazardous, the hmbosacral “kbiteml to
blood wessels" OLIF approach could be a safe and mutinely
applicable altermative.

METHOD 5

One expericnced surgeon operated on overy patient, and no access
surgeon was imvoled in any case. All data were analyzed

prospectively.

Fatent Population

This study included only patients who recewed 1-scgment
lumbosacral surgery with supplementary dorsal percutaneous
pedicle screw fixation,

The inclusion criteria were adult patients not improving after at
least 3 months of nonsurgical treamment of the following lumbo-
sacral degenerative discases: postdiscectomy syndrome, degener-
ative disc disease, spondylolisthesis, and spondylobsis [ Tabla 1).
The exclusion criteria were patients suffering foom neoplasia,
infection, or tauma.

From February zotf to February 2020, 21 matents underwent
classic ALIF surgery (Johnson and Johnson, DePuy Swnthes, and
Synfix evolution cage) in the lumbosacral segment supplemented
with dorsal percutaneous pedicle screw fixation.

Furthermore, between 2016 and 2022, 20 patients were operated
on with the right-sided lumbosacral OLIF approach receiving
supplementary dorsal percutancous pedicle screw fixation.

At the time of surgery, the anterior lumbar interbody fusion
with dorsal percutancous pedicle screw fixation [ALIF+D) patients
were aged 47.2 + 10.3 years (mnge: 18—63), while the obligue
lumbar interbody fiusion with dorsal percutaneous pedicle screw
firmtion (OLIF+D) patients were aged 54.2 = 10.5 yeas (range:
777,

The dinical follow-up time was 214 = 212 (range: 7—84)
months for the OLIF+D patients and 18.4 = $.g [mnge §—40)
months for the ALIF+Dy patients. Table 1 presents the
demographic characteristics of both patient groups.

Dutcome Assessment

Operative time, blood loss, implant failore, and wound healing
problems were recorded. The neurological function of the lower
extremity and the bhdder and bowel functions were assessed.

Patient-reported outcomes included the viswal amalog scale
[VAS) for low-back and leg pain and the Oswestry disability index
[ODI) collected before the surgery and during the follow-up.

In addition, mdiclogical measurements were made on the
preopemtive and follow-up computed tomography (CT) scans
obtained in the same CT scanner at Pécs Diagnostic Center.

Segmental lordosis was measured in the median sagittal plane
a8 the angle berween the fifth lumbar vertebral body's upper
endplate [L5) and the sacml phtean [S1). The anterior segmental
height (ASH) was measured in the median sagittal plane as the
distance between the fifth lumbar vertebral body's ventral cranial
corner and the ventral corner of the sacral plateau. For the pos-
tenior segmental height [P3H), simiar measurements were per-
formed at the posterior margins,

The fusion was assessed on CT with bone window. The defi-
nition of fusion is controversial, and there is no widely accepted
consensus on the measuement technique of spinal fusion.™
Considering the concems about the measurement technigues,
the Bridwell fusion gmde was used in the present study
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(Table 2)." Postoperative flexion-extension radiographs were not
performed routinely at our institution.

Cage subsidence was classified according to Marchi's 4-grade sys-
tem: Grade o (0% —24% loss of postoperative disc height), Grade I
(25%~45%), Grade I (50%~74%), and Grade O (75%~100%)."

Statistical Analyses
Statistical analyses were performed using SPSS, version 29.0 (IBM
Corp., Armonk, NY, USA).

As parts of our vanables were measured on an ondinal scale, and
non-normality was indicated by significant Shapiro-Wilk test (P <
0.05) for many continuous vanables or the differences between
their preoperative and postoperative values, nonparametnic sta-
tistical tests were applied.

The Wikoxon signed-rank test was applied to compare preop-
erative ASH, PSH, segmental lordosis angle, ODI, back pain, and
VAS back and VAS leg scores to postoperative ones. The Mann-
Whitney U test was run to determine if there were differences in
postoperative segmental lordosis angle, ASH, PSH, ODI, back and

varg tons dotasmne
tha chacn betwoen the anterior and abique sppraach
10 the lumbasacral segment. {A) The pictum reprasents
an optiemal patont for ALIF surgery. Tha common diac
vessais do not cover e fifth umbsr disc. Minimal or
na vessel mabizstion is necessay 1 mplant the ALF
cage. {B) In tha picture, mabiliang and retractng the

Figure 1. Tha vasculsr ansomics

oft comman e ven could ba hazrdous bacause the
brfurcation & low. Ratmscting the right common iiec
van ta fie madad drection is less demanding durng &
aght<idod OLIF4D swrgary. ALF, antesor lumbar
merbody fuson; OUF 4D, abique lumbar miadody
fusion with dorssal percutanacus padice scmw foastion
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Tahle 1. Demographic Characteristics of Patients Operated with Anterior or Right-Sided Oblique Lumbosacral Fusions with Dorsal

Percutangous Pedicle Serew Rxation: Antador Lumbar Interbody Fusion with Dorsal Percutaneous Pedicle Screw Fixation and Obligue
Lumbar Interbody Fusion with Dorsal Percutaneous Pedicle Screw Fiation, Respectively

OUF+D fn = 20 AUF4+D dn = 1)
Giendar (makes/femals) am a7
Age at the fime of surgery yaars) 542 + 105 [31-77] 472 + 1031863
Fllcrar-up duration {mantia) 214 + 112 [1-84) 184 + 89 [A—40]
Propemtie diagsis
Spondyialishess with pondylalyss 12 19
Dagenerative spondylolisthesis fwithout span dyiolysis) B 1
Postdiscecinmy syndnome 2 1
Age and bliowup dumfr @e peentd = mean + 31 fminmum mximm).
(UF40, obfiue hmbar inebody fisio with dorsd perutanens pedicle: smew B, AUF4, avierior lumbar inertody fision with dorsal perostmenus pedice syew fmfon.

leg pain VAS scores, blood loss, or surgical time between patient
groups opemted by ALTE-D versus OLIE+D methods.,

Right-Sided OLIF Surgical Technigue
Patient Positioning. A cylindrical supportive cushion
was applied below the armpit after carefully rolling

metroperitoneal far is necessary to prevent a peritoneal tear during
the retroperitoneal approach. Following the curve of the perito-
neum, the pspas muscle can be identified. Usually, the genito-
femaral nerve is on the surface of the muscle. When the medial
side of the pscas muscle was mached, a gentle
retraction was made with the help of the Synframe

the patient to a left lateral decubitus position. It is
imperative to check that the ammpit is not under
compression by the edge of the table and that the
patient's neck is in a natural position. When the pa-
tient is in the left lateral decubitus position, we

¥ideo avaiabie at
www.sciencedirect com

retractor system [Svnthes Spine, Paoli, Pennsylvania,
United States), not forgetting that the ureter runs
attached to the pedtoneum [Video 1).

We can access the anterolateral part of the fifth
lumbar disc between the psoas muscle and the right-

usually lift both legs for a fow seconds to adjust the
pelvis's horizontal pline, which became unsettled during patient
positioning. We typically bend the lower leg slightly in the knee
and put 2 cushion between the knees.

Skin Marking. When the patient is in the proper lateral decubitus
positian, a C-am is used to check that the patient is in the true
anteroposterior and kteral position. Using a simple metal rod and
a lateral fluorscopy image, the projection of the fifth lumbar disc
is marked on the skin with a pen (Figure 2).

Implants. A 5-cm long incision was made 2 fingers anteriorly from
the dliac crest (Figure 28). With a muscle-splitting technique, the
muscle fiber of the shdominal muscle lavers can be sepamted
bluntly and parallel with the fiber, so damaging the muscle is
unnecessary. Further blunt dissection with cotton wools in the

Table 2 Bridwell Interbody Fusion Grading System”

Grade Description

I Fused with smadsling and trabeulas pesent

1 Graft intact, not fully remodeled and incomoted, but na lucency
pEgat

il Graft intact, potential lueancy present &t op and botiom of graft
Fusion aihvent with ollapssresomption of geft

sided CIV. However, the gentle retraction of the CIV is
impossible without cutting the tethering iliolumbar andfor
segmental veins. During an opemtion, ligating 1-3 segmental
veins is usually necessary. Smaller veins can be electrocoagulated,
but we use plastic clips for safety reasons for the thicker veins
(Video 2). When every tethering vein was cut, the gentle retraction
af the CIV and CIA should be performed without any resistance. If
the metaction of the CIV is not casily performed, it suggests that
some segmental veins remain hidden and must be found. As
spon as the CIV no longer stands in our way, the OLIF cage can
be implanted. During the cage implantation, the angle of the
cage holder has to be aligned with the angle of the lumbosacrl
disc space to avoid endplate breach (Fgure 3). Sanatmetal
Emerald cage (Sanametal Ltd.) was used in every OLIF+D case.
After the OLIF swrgery, the patient was placed into a prone
position, and percutancous lumbosacml pedice screw fiation
was performed.

RESULTS

Mone of the patients had severe neurnlogical symptoms before or
after surgery, and no implnt fBilies and wound-healing prob-
lems, such as deep infection, were obsemved. If we compare the
postoperative data of the ALTF+D and OLIF+D) groups, there were
no statistically significant differences between the segmental
lordosis angle (P = 0.354), ASH [P = 0.297), PSH (P = 0.404), ODI
[P = 0.824), or the back and leg pain VAS scores P = o.682 and
F = 0.7, mspectively). However, the blood loss was higher
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Figure 2 Pmoperatve son markang for the night=ded OLIF 4D
surgery. JA) With the ad of fie e fluarascopy, the
praection {*) of the fifth lumbar vertelbrs is markad on the siin
and {B) tha plan (**) of the incsion s also marked 2 fingers
anterorly fom the rght Jac crost OLIF 4D, dbiiqua lumbar
nwadaody fuson with dorsal peroutanacus pedc b scraw
fixstion

(P = 0.058), and the surgical time was significantly longer (P =
0.009) in the OLIF+D group compared to those operated by the
ALIF+D technique. Both surgical times include the dorsal
percutancous pedicle screw fixation with repositioning to the
prone position (Table 3).

The only complication was experienced in our very first right-
sided lumbosacral OLIF+D patient operated in 2016: the nght
CIV was injured, and the blood loss was 600 mL. The injury was
treated with sutures without the help of a vascular surgeon.

Comparing the preoperative and paostoperative data, the verte-
brae's height gain (P < 0.001) and the segmental lordosis gain (P <
0.001) were significant in both the right-sided lumbosacral OLIF+D
group and the ALIF<D group. Both techniques elicited a statistically
significant decrease in the preoperative and postoperative ODI, VAS
back, and VAS leg scores (P < o.001 for all) (Table 4).

Figure 1 The cage mserfon dusng fie sght<ided OLIF4 D swrgary. An
mpartant detad is fat the blue hited cage holder’s angle, defined by fie
anga of the lumbasscral dec spsce, is Srmiar 1o thet of & patient aparatad
on with AUF 4D but dffess fam fiat of the OLIF 4D periormad in tha
upper sagmants. The wound can be found 2 fingers antesarly to the right
sac omst OUF 4D, dbique lumbar imterbody fusaon with doms s
percutsneous padide scmw fixaton; ALIF+D, anteror lumbar madiody
fuson with dorsal percutannous pedico scraw focation

Subsidence was not observed in 19 nght-sided lumbosacmal
OLIF=D patients; only 1 showed Grade I subsidence with Grade
I on Bridwell's fusion grade (Table 2). Three patients showed
Grade 11 fusion, and 16 resulted in Grade [ fusion. In the
ALIF+D group, 20 patients did not develop subsidence during
the follow-up period, and only 1 patient showed subsidence,
which was less than 25%. In this case, a Grade II fusion was
formed. Two additional ALIF+D patients showed Grade II fusion,
and 18 resulted in Grade I fusion (Figure 4).

DISCUSSION

Pros and Cons of ALIF +D and Right-Sided OLIF+ D Approaches
The ALIF and OLIF approaches offer better variability in the size
and lordosis of the cage compared to the dorsal appmaches.™
This is consistent with our article suggesting that the ALIF=D
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