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I. Introduction 

Degenerative spinal problems associated with pain and motion restriction can be 

treated with spinal surgical procedures when conservative therapeutic options are not 

effective. As part of the new trends in spinal surgery, minimally invasive spine surgical 

(MISS) solutions have entered our everyday practice. In contrast to the practices of 

previous decades, the MISS method considers the preservation and sparing of soft 

tissues as an essential aspect. Thus, the surgical time and surgical and anaesthetic risks 

can be reduced by omitting surgeries with large open wounds accompanied by detached 

back muscles of the spine. Due to the minor postoperative pain, patients can often be 

mobilized the day after surgery. With faster recovery, lower pain levels and fewer 

complications (such as wound infections, thrombosis, pneumonia or decubitus), the 

hospital stay can be reduced, and the patient can go home sooner. MISS methods 

represent the main direction in the toolkit of our clinical workgroup. 

II. Objectives 

This paper examines technical solutions for treating various causes of abnormalities in 

the dorsal and lumbar spine. Each solution represents a MISS approach to replacing a 

previous, less tissue-sparing spinal surgical technique. 

1. The extrapleural anterolateral spinal approaches examined in the first chapter provide 

a tissue-sparing solution for the treatment of the difficult-to-reach anterior column of 

the dorsal spine. Similar to traditional methods that open the pleura, they provide direct 

visibility of the anterior-lateral part of the spine, enabling the necessary decompression. 

At the same time, by creating the working channel on the outer side of the parietal 

pleura, no iatrogenic pneumothorax develops, thus eliminating the need for chest tube 

insertion after surgery, hence avoiding an average of 3 days of intensive care treatment. 

Patients can be mobilized the day after surgery, and accordingly, patients can be 

discharged several days earlier compared to thoracotomy explorations. 
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2. In the second chapter, the combination of ligamentotaxis and MISS  provides a 

solution for acute traumatic thoracolumbar spine injuries of type A and C compression 

origin, according to the AO classification (AO foundation [Arbeitsgemeinschaft für 

Osteosynthesefragen]). The method allows the indirect nerve decompression resulting 

from trauma, its decompression, and the indirect correction of traumatic deformity 

without injury. During the study, the effectiveness of ligamentotaxis was confirmed by 

measurements. 

3. In the third chapter, we examine the surgical solutions of the oblique lumbar 

interbody fusion technique (OLIF) and the anterior lumbar interbody fusion technique 

(ALIF), which were first started in Hungary at our clinic in the treatment of degenerative 

diseases of the lumbar spine. Suppose the ALIF technique in the lumbosacral transition 

is contraindicated due to the low bifurcation of the great vessels. Can the lumbosacral 

OLIF technique performed from the right provide a suitable alternative? 

4. In the fourth chapter, we examine a zygoapophyseal joint implant under development 

for use in the lumbar spine, which offers an alternative to transpedicular screwing. Our 

question is, can the small joint implant provide long-term stability similar to 

transpedicular screw fixation? If the small joint implant dislocates, can it cause direct 

side effects, such as nerve compression and loss of stability?  
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III. Extrapleural anterolateral approach 

III.1. Introduction  

In thoracic spine surgery, operating on pathologies that require ventral decompression 

of the spinal cord can be challenging. The majority of anterolateral approaches to the 

dorsal spine are characterized by the fact that, since the pleural cavity is opened, in most 

cases, a few days of intensive care unit stay and continuous suction through a chest tube 

are essential for the absorption of iatrogenic pneumothorax after surgery. Extrapleural 

approaches were developed to prevent the development of iatrogenic pneumothorax, 

during which the parietal pleura is carefully separated from the inner surface of the 

chest wall to reach the anterolateral surface of the spine without perforation of the 

pleura and consequent pneumothorax. In Hungary, minimally invasive anterolateral 

extrapleural spine approaches were first used at our clinic. 

III.2. Options of the thoracal appraoches 

Minimally insvasive anterolateral extrapleural approach 

In this chapter, we would like to illustrate the minimally invasive extrapleural spinal 

approach with the following three cases. Thanks to the extracavitary approach, we did 

not experience pneumothorax after the operations in any of the cases. 

Removal of a calcified disc herniation from the thoracolumbar junction 

The middle-aged obese female patient had been suffering from low back pain for 

decades. In the months before the surgery, her walking distance decreased to 5-10 

meters, and she experienced diffuse pain radiating to the waist, hips and lower 

extremities upon exertion. During her physical examination, we found no objective 

neurological abnormalities except bilateral Achilles areflexia. The performed CT and MRI 

examination of the thoracic and lumbar spine showed a ruptured, partially calcified disc 

herniation located in the Th. XII - L. I. segment, almost filling the spinal canal, which 
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compressed the conus-cauda transition (Fig 3.1). Given the almost inability to walk and 

the significant space-occupying Th. XII. disc herniation, we recommended its surgical 

treatment. 

 

Fig 3.1. The upper row shows the preoperative 

MRI and CT images of the Th. XII. calcified disc 

herniation compressing the spinal cord, and the 

lower row shows the condition after its removal. 

The axial image (lower row) shows the kidney on 

the left side in the retroperitoneum next to the Th. 

XII. The vertebra, the diaphragm, the lung tissue, 

and the pleural duplication extending next to the 

spine are depicted as a thin strip next to the rib 

(white arrow). 

III.4.5. Thoracic disc herniation removal with direct anterior decompression 

The male patient, born in 1990, was diagnosed with sero-positive Devic disease in 2013. 

The patient developed significant visual impairment and severe paraparesis, with spastic 

lower limb tonus. In May 2017, the patient presented with a new complaint: his trunk 

muscles weakened, mild trunk ataxia developed, and his paraparesis significantly 

worsened. An MRI of the dorsal spine was performed, which showed a herniated disc in 

Th. VI (Fig 3.2). According to the neurologist's opinion, the etiological role of the 

herniated disc in the patient's worsening condition could not be ruled out. Thus, in 

agreement with the patient, we decided to remove the herniated disc to preserve and, 

if possible, improve the patient's ability to walk. 
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Fig 3.2.The left image shows the Th. VI. herniated disc. The middle picture shows the 

closed surgical wound and the rib piece that was removed for surgical exposure after the 

operation. The patient's right arm was tied up and padded so that the part below the 

axillary groove was accessible. The far right image shows the anterior surface of the dura 

mater under a microscope after the herniated disc was removed. 

III.4.6. Thoracic corpectomy with direct anterior decompression for spondylodiscitis 

 In May 2017, a 64-year-old male patient was diagnosed with bilateral pneumonia and 

then underwent chest drainage in several stages due to a large amount of pleural 

exudate. A spine CT and MRI examinations were performed due to back pain and severe 

paraparesis. The scans confirmed spondylodiscitis of the Th. X-XI. vertebrae and 

consequent myelon compression, with local kyphosis. Given the severe paraparesis, we 

decided on surgical treatment (Fig 3.3). 

Fig 3.3. The images show the projection of the Th. X. and 

Th. XI. vertebrae affected by spondylodiscitis onto the 

chest wall. The line running obliquely forward and 

downward shows the planned skin incision. The left side 

of the lower pair of images shows an intraoperative image 

of the approach. A Synex cage is visible at the site of the 

Th. X. and Th. XI. corpectomy. 
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III.5. Discussion 

Nowadays, in our country, costotransversectomy and transthoracic thoracotomy are 

standard practices in thoracic spine surgery. In addition to these methods, an 

extrapleural, minimally invasive lateral spine approach is a real alternative. During the 

approach used in our case, the skin incision is 6 cm, the patient lies on his side, and 

according to the course of the rib, we can achieve the same result from a straight incision 

as from larger, curved incisions. Keeping the minimally invasive approach in mind, we 

strive to traumatize the muscle and skin unit as little as possible. In addition to the much 

smaller incision, we minimize tissue destruction by blunt preparation wherever possible, 

thus significantly reducing the chance of post-thoracotomy pain syndrome. If the 

disease process and the surgical response to it require spinal fixation, we also perform 

it using a minimally invasive method. Compared to the transthoracic approach, the 

retropleural approach takes an average of 30 minutes longer due to careful separation 

of the parietal pleura. The extrapleural approach results in faster recovery, lower pain, 

and fewer complications. 

III.6. Conclusion 

The minimally invasive lateral extrapleural spine exposure (miLECA) involves a smaller 

exposure (6 cm incision) and is more soft tissue-friendly in reaching the target area. 

Since the parietal pleura is bluntly separated from the chest wall, we remain “behind” 

the parietal pleura throughout, which makes chest tube placement unnecessary. While 

previously, our patients were observed in the intensive care unit with a chest tube for 

an average of three days by general Hungarian practice, this has become unnecessary: 

emission occurs on the average on the fourth postoperative day. Overall, the 

complication rate is lower. These factors mean faster recovery, shorter hospital stays, 

and a lower burden for both the patient and the healthcare system. 
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IV. Percutaneous spine fusion combined with whole-body 
traction in the acute surgical treatment of AO A and C type 
fractures 

IV.1. Introduction 

In the last few decades, in the treatment of TLICS 5-10  thoracolumbar fractures, surgical 

repair techniques came to the fore because of early surgical care, while conservative 

methods applied to the treatment of elderly or multimorbid patients.  Az instabil 

gerinctörések sebészeti kezelésében három terápiás célt szükséges teljesíteni: az idegi 

struktúrák dekompressziója, a traumás deformitás korrekciója és a gerinc stabilitásának 

helyreállítása a dekompresszió és deformitás korrekció megőrzése mellett. There are 

three main surgical therapeutic goals associated with unstable spine fractures: the 

decompression of the nerve structures, the correction of the traumatic deformity, and 

restoring stability to the spine while preserving the fracture reduction. 

Regarding surgical techniques, the above-mentioned therapeutic goals can be 

completed in an open-direct or covered-indirect manner, depending on the type and 

severity of the fracture and neurological state. Our goal is to draw attention to an acute, 

indirect 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 types compression thoracolumbar injuries. 

 

IV.2. The surgical technique 

As mentioned earlier, three main therapeutical goals are associated with unstable spine 

fractures: the decompression of the nerve structures and the correction of the traumatic 

deformity are achieved by whole-body traction. The third goal, restoring stability to the 
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thoracolumbar spine while preserving the fracture reduction, is achieved by 

percutaneous pedicle screw fixation. 

Indirect decompression with whole-body traction 

The ligamentotaxis is achieved by whole-body traction along the longitudinal axis of the 

spine by pulling the patient’s shoulders and ankles or pelvis. This procedure is carried 

out with a gradually increasing force manually for 20-30 seconds during the whole-body 

traction. Lateral fluoroscopy control is implemented during and following the whole-

body traction to control the tractive force. The theoretical possibility of ‘overstretching’ 

is prevented by fracture selection (i.e. only compression injuries) and X-ray control 

during whole-body traction. Often maximum human strength was necessary. Often 

maximum human strength was necessary. 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. 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 MISS of 

the spine. Only immediate post-traction spinal fixation can ensure that the effect of 

whole-body traction is not reduced. 

IV.3. Methods 

Fifteen patients meeting the following eligibility criteria were operated sequentially 

with the combination of whole-body traction and percutaneous minimally invasive 

spine fixation. Thoracolumbar injuries AO A type and AO C type without distraction 

origin were included. Data were analyzed retrospectively.  
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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 AP diameter of the spinal canal was measured at the 

narrowest level in the mediansaggital plane on preoperative CT scans. The same points 

were measured on the postoperative CT scans. The operative time and blood loss were 

recorded. Besides the extremity neurological function, the bladder and bowel function 

were assessed. No additional instrumented ligamentotaxis was necessary in the cases. 

No neuromonitoring was applied since it is not possible in acute cases in our 

department.   

IV.4. Results 

The presented whole-body traction combined with percutaneous spine fusion was 

performed in fifteen spine trauma patients (six female, nine male) injured from 

compression forces. The average age of the patients was 47 years old (range 20-74). 

Vertebral fractures developed in the following distribution. Th.XII: 5, L.I: 7, L.II: 1, L.III: 1, 

L.IV: 1. A total of 139 screws were implanted into 70 segments. In the case of three older 
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patients, the screw implantation was combined with vertebroplasty augmentation. In 

two cases, we performed one level laminectomy also. 

Clinical follow-ups averaged 16 months. One patient underwent surgery 4 months 

before the article submission. One of our patients has been lost for the twelve-month 

follow up. 

The spinal canal space narrowing showed an average 6.5 mm (range 2.6 mm-14.3 mm) 

postoperative improvement. The fractured vertebrae’s height gain was an average of 

11.0 mm (range 3.9 mm-21.9 mm) ventrally and an average of 5.4 mm (range 1 mm-

11.2 mm) dorsally after the surgeries. 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. In the only L.IV 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 70-325 minutes), and blood loss averaged 

250 ml (range 150-400 ml). The average hospital stay was six days (range 4-9 days). No 

neurological 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 (Fig. 4.1). 
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Fig. 4.1 An AO C type L.I. injury can be observed on the 

left sagittal (a) and axial (b) images. The rotation of the 

fractured spine (C-type injury) is well represented by the 

malalignment of spinosus processes in the preoperative 

images. The increase in sagittal diameter of the spinal 

canal and the realignment of spinosus processes are 

obvious on the postoperative sagittal (c) and axial (d) 

images on the right side. The patient is neurologically intact. 

 Among the fiftteen cases, the ligamentotaxis showed slight effectiveness in restoring 

spinal canal narrowing in two cases, although traumatic kyphosis and height reduction 

were corrected in these cases. One of them was a twenty-year-old male patient struck 

by a heavy log and suffered an AO C type L.IV. fracture. However, despite the frightening 

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 

disappeared to the three months follow-up. 

The other case was a 64 years old male 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. The complete transverse lesion with paraplegia developed 

at the moment of the accident. In our opinion, the benefit of decompression in complete 

neurological deficit (acute paraplegia, Frankel A) resulting from severe spine fracture 

dislocation is questionable. 
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At an 18-month follow-up, CT and MRI scan were performed. The latter still not depicted 

the development of syrinx, the patient’s neurological state was unchanged. The 

patient's follow-up continues. 

 

IV.5. Discussion 

The combination of whole-body traction and MISS can be applied safely and effectively 

for 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 indirect decompression provided by the extracorporal ligamentotaxis not 

only increases the height of the fractured vertebral body and the neuroforamen, 

however, the correction of the traumatic kyphosis and spinal canal stenosis is also 

discernible.  

The whole-body traction is not recommended in specific cases: the mechanism of injury 

or the radiological signs suggests 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, the type C injuries with distraction origin by AO classification requires 

caution. 

The presented method is recommended in patients without neurological signs or with 

slight neurologic impairment. In patients showing more severe neurological deficits, the 
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application of the method is a matter of individual consideration unless a rupture of the 

spinal cord is evident. In cases of severe neurologic impairment, a supplementary 

laminectomy at the level of the traumatic stenosis can be beneficial.  

IV.6. Conclusion 

In most cases, the combination of extracorporal ligamentotaxis and minimally invasive 

spine surgery proves to be an effective, simple, rapid, safe and cost-effective solution 

regarding the surgical 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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V. Anterior and right-sided oblique lumbosacral fusions (ALIF 

and OLIF) with dorsal percutaneous pedicle screw fixation 

 

V.1. Introduction 

Spinal fusion treatment of degenerative spine diseases aims to decompress nerve 

structures, reduce deformities, and restore stability. 

There are two main decompression techniques in lumbosacral fusion surgery. The dorsal 

approaches (e.g. PLIF, TLIF) grant the direct decompression of nerve structures. In 

contrast, the anterior and oblique group (e.g. ALIF, OLIF, XLIF) allows indirect 

decompression (Fig. 5.1).  

Fig 5.1. The approaches of the 

lumbar fusion techniques (Mobbs 

RJ, Phan K, Daly D, Rao PJ, Lennox 

A. Approach-Related 

Complications of Anterior Lumbar 

Interbody Fusion: Results of a 

Combined Spine and Vascular 

Surgical Team. Global Spine J. 

2016;6(2):147-154. 

doi:10.1055/s-0035-1557141) 

 

Due to vascular anatomical characteristics, operating on the lumbosacral junction could 

be challenging from the anterior or oblique direction. The lumbosacral disc can be 

approached between the common iliac artery and vein (CIA and CIV) or lateral to them. 

At least four techniques exist in the anterior and oblique fusion technique group to 

complete the abovementioned surgical goals for the lumbosacral junction.  
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The best-known is the classic ALIF technique, when the patient is in Da Vinci position, 

and the approach is from the anterior direction via Pfannenstiel incision, reaching the 

disc between the blood vessels. 

The second option regarding cage insertion is also a "between the blood vessels" 

technique. However, the lateral decubitus position and the incision place suggest that 

this combines the ALIF and OLIF techniques.  

Further surgical options would be the lumbosacral extension of the OLIF technique 

lateral to the blood vessels from the right or left side. The lateral lumbar interbody fusion 

(LLIF), also known as extreme lateral interbody fusion (XLIF) or direct lateral interbody 

fusion (DLIF) method, is unsuitable for the lumbosacral junction. 

The main risk of anterior and oblique approaches to the spine is bleeding. The more 

obscured the lumbosacral disc is by the common iliac veins and arteries, the more the 

blood vessel must be mobilised and retracted to remove the degenerated disc and insert 

the cage, increasing the risk of bleeding and thrombosis.  

Magnetic resonance imaging (MRI) can predict the possibilities of blood vessel 

mobilisation. The classic ALIF method can be recommended if the bifurcations of the 

common iliac arteries and veins (CIA and CIV) are located cranially from the fifth lumbar 

disc, and the anterior surface of the fifth lumbar disc is free or only minimal CIV 

mobilisation is required. If the bifurcations are located low, or the left CIV does not have 

a fat plane or is attached to osteophytes, the mobilisation of CIV is associated with a 

greater risk of bleeding (Fig 5.2).  
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Fig 5.2. The vascular anatomical 

variations determine the choice between 

the anterior or oblique approach to the 

lumbosacral segment. The (a) picture 

represents an optimal patient for ALIF 

surgery. The common iliac vessels do not 

cover the fifth lumbar disc. Minimal or 

no vessel mobilisation is necessary to 

implant the ALIF cage. In the (b) picture, 

the bifurcation is low and attached to an 

osteophyte; therefore, mobilising the 

left common iliac vein is risky. In the 

latter case, handling the segmental veins of the right common iliac vein is less demanding 

during a right-sided OLIF+D surgery. 

Among the oblique approaches to the lumbosacral junction, the left-sided "lateral to 

blood vessels" OLIF technique is usually preferred. In the absence of literature data, 

anecdotally, the right-sided "lateral to blood vessels" lumbosacral OLIF technique is 

considered dangerous and the least preferred technique.  

This single-centre 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 clinical and radiological measures. 

 

V.3. Methods 

V.3.1. Patient population 

This study included only patients who received one-segment lumbosacral surgery with 

supplementary dorsal percutaneous pedicle screw fixation. 
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From February 2018 to February 2020, 21 patients underwent classic ALIF surgery 

(Johnson and Johnson, DePuy Synthes, Synfix evolution cage) in the lumbosacral 

segment supplemented with dorsal percutaneous pedicle screw fixation (ALIF+D).  

Furthermore, between 2016 and 2022, 20 patients were operated on with the right-

sided lumbosacral OLIF approach receiving supplementary dorsal percutaneous pedicle 

screw fixation (OLIF+D).  

At the time of surgery, the ALIF+D patients were 47.2±10.3 (range: 18-63) years old, 

while the OLIF+D patients were 54.2±10.5 (37-77) years old.  

The clinical follow-up time was 21.4±21.2 (range: 7–84) months for the OLIF+D patients 

and 18.4±8.9 (range: 8-40) months for the ALIF+D patients. Table 1 presents the 

demographic characteristics of both patient groups. 

V.3.2. Outcome assessment 

Patient-reported outcomes included the visual analogue 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, radiological measurements were made on the preoperative and follow-up 

CT scans obtained in the same CT scanner at Pécs Diagnostic Center. 

Segmental lordosis was measured in the median sagittal plane as the angle between the 

fifth lumbar vertebral body's upper endplate (L5) and the sacral plateau (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 posterior segmental height (PSH), similar 

measurements were performed at the posterior margins.  

The fusion was assessed on CT with bone window. The definition of fusion is 

controversial, and there is no widely accepted consensus on the measurement 

technique of spinal fusion. Considering the concerns about the measurement 

techniques, the Bridwell fusion grade was used in the present study. Postoperative 

flexion-extension radiographs were not performed routinely at our institution. 
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V.3.3. Statistical analyses 

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

USA). 

As part of our variables were measured on ordinal scale and non-normality was 

indicated by significant Shapiro-Wilk test (p≤0.05) for a number of continuous variables 

or the differences between their preoperative and postoperative values, nonparametric 

statistical tests were applied. 

The Wilcoxon signed-rank test was applied to compare preoperative ASH, PSH, 

segmental lordosis angle, ODI, back pain, and leg pain visual analogue scale (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 leg pain VAS scores, blood loss, or surgical time between patient 

groups operated by ALIF+D vs OLIF+D methods. 

 

V.6. Results 

None of the patients had severe neurological symptoms before or after surgery, and no 

implant failures and wound-healing problems, such as deep infection, were observed. If 

we compare the postoperative data of the ALIF+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=0.682 

and p=0.979, respectively). However, the blood loss was higher (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 percutaneous 

pedicle screw fixation with repositioning to the prone position.  

The only complication was experienced in our very first right-sided lumbosacral OLIF+D 

patient operated in 2016: the right CIV was injured, and the blood loss was 600 ml. The 

injury was treated with sutures without the help of a vascular surgeon. 
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Comparing the preoperative and postoperative data, the vertebrae'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<0.001 for all).  

Subsidence was not observed in 19 right-sided lumbosacral OLIF+D patients; only one 

showed Grade I subsidence with Grade III on Bridwell's fusion grade. Three patients 

showed Grade II fusion, and 16 resulted in Grade I fusion. In the ALIF+D group, 20 

patients did not develop subsidence during the follow-up period, and only one 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. 

V.7. Discussion 

Pros and cons of ALIF+D and right-sided OLIF+D approaches 

The ALIF and OLIF techniques offer better variability in the size and lordosis of the cage 

compared to the dorsal approaches. This is consistent with our paper suggesting that 

the ALIF+D technique resulted in a slightly higher average postoperative lordosis value 

than the OLIF+D technique.  

Furthermore, the larger footprint due to larger cages provided by OLIF and ALIF 

approaches reduces the chance of cage subsidence. In this study, each group had only 

one subsidence with no clinical relevance. Both methods result in high bony fusion rates, 

consistent with our research.  

In our study, the operation length of the ALIF+D was significantly shorter, which is 

explained by patient selection based on vascular anatomy. The bifurcation of the 

common iliac veins did not cover the fifth lumbar disc in the cases of ALIF+D approach. 

In all lumbosacral OLIF+D cases, some time-consuming vascular mobilisation was 

necessary. Yet handling the segmental veins of the right common iliac vein is less 

demanding during the right-sided OLIF+D approach than handling the bifurcation of the 
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common iliac veins during the ALIF+D approach, especially if the bifurcation is attached 

to an osteophyte. This could be advantageous if the surgeon is less experienced in the 

ALIF approach or has no vascular surgeon available but does not prefer the dorsal 

approach. The OLIF and ALIF approaches produce more favourable blood loss and 

surgical time results than dorsal approaches, such as TLIF. The necessity of vascular 

manipulation can also explain the association with more significant blood loss of the 

OLIF+D approach in our study.  

 

Pros and cons of left-sided and right-sided OLIF+D approaches 

The OLIF+D technique from the right side can be safely applied in the lumbosacral 

junction, considering the differences between the left and right sides regarding the 

lumbosacral blood vessel anatomy. The left common iliac artery (CIA) covers the lateral 

part of the left common iliac vein (CIV). The consequence is that the low-pressure CIV is 

wedged on the left side between the high-pressure CIA and the vertebra, so its cross-

section is often flattened. 

The flattened left CIV must be mobilised and retracted during the ALIF+D and left-sided 

lumbosacral OLIF+D surgery. The CIA covers the anterolateral half of the CIV. Due to the 

flattened calibre the left-sided CIV often lies on top of the junctions of the smaller 

incoming veins, such as the venovertebral vein or Maeng's vein, causing the entry points 

of the segmental iliolumbar veins and the median sacral vein are also mostly covered. 

The situation is different on the right side. Before the bifurcation, the right-sided CIV is 

placed on the lateral side of the right-sided CIA and is less squeezed between the 

vertebra and the right-sided CIA, which is why its cross-section is round. 

The right CIV shows a straighter course, indicating a more predictable, easier 

mobilisation. The critical point in mobilisation is handling the segmental veins tethering 

the CIV. On the right side, the iliolumbar segmental veins running to the CIV are 

straighter, longer and of smaller calibre, making them easier to ligate than on the left. 
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Therefore, the choice between the ALIF or OLIF methods depends on the given vascular 

situation, which requires a preoperative assessment and planning.  

Our research presents experience from a single-centre with a limited number of cases. 

Further studies in larger cohorts of patients are needed to have more experience with 

the right-sided OLIF+D approach. 

V.8. Conclusion 

This is the first study to describe and present the early results of the right-sided OLIF+D 

compared with ALIF+D in the lumbosacral segment. When the ALIF+D is risky, the right-

sided "lateral to vessel" lumbosacral OLIF+D technique can be an alternative, yielding 

similar clinical and radiological outcomes.  
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VI. Clinical study of the zLOCK zygoapophyseal joint implant 

VI.1. Introduction 

Low back pain affects nearly 100 percent of the population at least once. The underlying 

cause is usually degenerative instability. The goal of surgical fusion is to create the 

possibility of bony fusion, which also means eliminating instability. Several dorsal fusion 

systems are known. Most of these systems use transpedicular screws and connecting 

rods as standard to create fusion. Accurate screw placement is critical. Imprecise screw 

placement can lead to damage to the soft tissues, nerves, or blood vessels surrounding 

the bone. An alternative to transpedicular screws is the use of a small joint implant. It is 

assumed that this will help to stabilize the small joint firmly so that fusion can still be 

achieved. 

VI.2. The zLOCK implant 

We studied the possibility of minimally invasive small joint fixation using the zLOCK small 

joint implant developed by Zygofix. The implant is made of titanium, is inserted into the 

small joint space, and is attached to the small joint bone with metal hooks on both sides. 

During implantation, the implant takes on the curved shape of the small joint space and 

prevents degenerative hypermobility in the small joint. The zLOCK device is used to 

stabilize the motion segment of the spine. The zLOCK implant is minimally invasively 

inserted using a percutaneous technique or through small skin incisions (20 mm) on both 

sides. This reduces invasiveness, postoperative pain, surgical blood loss, and the 

duration of the operation and the recovery period. 

Two implants were used in the study: zLOCK rev8 and its improved version, zLOCK rev9 

(Fig 6.1). 
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Fig 6.1. The zLOCK rev8 implant is on the left, and the improved zLOCK rev9 implant is in 

the middle. On the right, the implanted small joint implant, which takes on the curved 

shape of the small joint, is shown. 

 

As a result of this pilot study, based on the experience gained from the first 12 cases, 

the zLOCK rev8 implant was further developed in the following way: on the improved 

zLOCK rev9 small joint implant, the design of the anchors that sink into the bone and 

provide stability was modified, their size was increased on the posterior surface of the 

implant (longer, wider and higher anchors). The posterior column was also made larger 

for the more prominent anchors. An oval hole was added to the center of the zLOCK 

rev9 implant, which is intended to allow for further bone bridge formation, and an 

optional small joint screw can also be implanted on it. 

 

VI.3. Methods 

We hypothesised that the small joint implant could replace screw rod fixation in 

selected cases. We conducted an open, prospective, single-arm, interventional clinical 

trial to verify this. The trial received approval from the Ethics Committee of the 

National Institute of Pharmacy and the Food and Drug Administration on February 16, 

2018. The clinical trial protocol number is DNA-2275. We examined whether the new 

implant could be used safely and effectively during the trial. During the trial, the zLOCK 
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small joint implant was tested during segment stabilization, which aims to promote 

small joint bony fusion. It was used with OLIF surgery, with an artificial disc inserted 

during OLIF, and as a stand-alone in the following pathologies: degenerative 

spondylolisthesis Meyerding I, spinal canal stenosis, and small joint degeneration. 

Twenty-one patients were screened, but only 20 were included in the study and 

followed for 24 months. Each patient underwent six examinations, including a 

screening examination, a perioperative examination, and four postoperative control 

examinations (6 weeks, 3 months, 12 months, and 24 months after surgery). 

Radiological measurements were performed as detailed below, pain and disability 

were measured, and any surgical complications and wound healing disorders were 

recorded. Displacement of the small joint implant, subsidence of the artificial disc, and 

the development of bony fusion were also examined. 

 

VI.3.1. Surgical techniques, implants, patient groups  

zLOCK implants are placed in the lumbar facet joints on either side of the midline with 

or without bone grafting, using a minimally invasive, transmuscular approach. In some 

patients, over-the-top decompression was combined with a stand-alone zLOCK implant 

to achieve direct decompression (Fig 6.2). 

Fig 6.2. The left shows the over-the-top 

decompression and bone fusion around the 

zLOCK. The right shows that no artificial disc was 

implanted, so this was a stand-alone zLOCK 

implant. 
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Fig 6.3. The sagittal and AP images depict the 

implanted OLIF cage in combination with zLOCK. 

 

 

 

In some patients, we achieved indirect decompression with an artificial disc implanted 

using the OLIF technique, in addition to stabilization with zLOCK, according to their 

spinal disease (Fig 6.3). 

VI.3.2. Assessment of pain and disability 

Preoperative and postoperative pain levels of low back and lower extremity pain were 

assessed using a visual analogue scale before surgery, on the day of discharge from 

surgery, at six weeks after surgery, and 12 and 24 months. Similarly, Oswestry 

disability scores (ODI) were assessed at the same time points listed above. 

VI.3.3. Radiological evaluation 

A 2 mm thin-slice CT scan was performed on postoperative day 1 and repeated at 12 

and 24 months postoperatively to qualitatively assess the development of bony fusion 

by examining the bone spikes growing into the zLOCK implant.  

Lateral lumbar spine flexion/extension radiographs were obtained to determine 

translation (the displacement between two adjacent vertebrae) and segmental 

lordosis (the change in the angle between two adjacent vertebrae) at 6 weeks, 3, 12, 

and 24 months postoperatively. 

VI.3.4. Zygoapophyseal joint fusion 
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The literature poorly defines the radiological criteria for bony fusion following spinal 

stabilization surgery. In this study, we followed the FDA guidelines for the radiological 

definition of bony fusion of the spine: 

· evidence of trabecular bone formation bridging the vertebrae that make up the 

affected segment (e.g., between the affected vertebral endplates, in or around 

intervertebral disc replacement devices, in or around the small joints); translational 

motion <3mm; and angular motion <5°. 

VI.4. Results 

The 20 patients underwent surgery at the Department of Neurosurgery, University of 

Pécs, between 2018 and 2022. The average surgical time from skin incision to skin 

closure was 213 ± 42 minutes (135-275 minutes). 

VI.4.1. Adverse events (AE) and serious adverse events (SAE) 

In the case of zLOCK rev8, we observed 2 SAEs: one case of wound infection and one 

patient requiring further surgery because the cage had sunk into the underlying 

vertebral body due to subclinical osteoporosis. Therefore, in this case, additional spinal 

stabilization was performed with cement-augmented transpedicular screws. We 

observed a single AE with the zLOCK rev8: asymptomatic zLOCK rev8 migration from the 

facet joint (Fig 6.4).  

 

Fig 6.4. The upper image shows a control CT 

scan taken on day 1 after surgery. The lower 

picture was taken 1 year after surgery: it 

shows the migration of the zLOCK rev8 on the 

left. The patient was asymptomatic. 
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In the case of zLOCK rev9, we observed 3 SAEs: 3 patients required further surgery due 

to instability-related pain due to zLOCK rev9 dislocation. In these cases, additional 

stabilization of the spine was performed using transpedicular screws with an OLIF cage. 

As a result, their complaints improved significantly. No complications were causing 

neurological or other permanent damage. We observed two AEs in the case of zLOCK 

rev9: asymptomatic zLOCK rev9 dislocation from the small joint in two cases. Figure 6.5 

shows an example of a zLOCK rev9 dislocation. 

 

Fig 6.5. The zLOCK rev9 was slipped out on the right 

side. The left CT image was taken 1 day after surgery; 

the right CT image was taken 12 months after 

surgery. The patient was asymptomatic. 

 

In all patient groups, significant improvements were observed in VAS and ODI during the 

study's follow-up period. Due to the small number of patients, it is impossible to draw 

statistical conclusions. Both quantitative (translational and angular deviation 

measurements) and qualitative (bony spike identification on thin-slice CT images) 

radiological examinations showed small joint bony fusion at 24 months in all patients in 

groups A, C, and D. However, in group B, bony fusion did not develop in patient 19 at 24 

months. It should be noted that bony fusion was not yet present in patients 6, 7, and 8 

in group A at 12 months after surgery. 

VI.5. Discussion 

Ergonomic systems like the zLOCK system are implanted into the zygoapophyseal joint 

space. During implantation, they adapt to the unique shape of the small joint space and 

prevent degenerative hypermobility in the small joint. Our clinical study has shown that 

the zLOCK zygoapophyseal joint implant can be an alternative to transpedicular screw-
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rod systems in selected cases. It can be inserted percutaneously with minimal blood 

loss. Based on the experience gained from the first 12 cases of the study, and especially 

on the degree of segmental stabilization assessed in patients 02-13, further implant 

development happened. 

 

VI.6. Conclusion 

Our current clinical study was conducted as a pilot study to evaluate the safety of the 

zLOCK facet fusion system. As a result, we concluded that zLOCK can stabilize the lumbar 

segment and achieve bony fusion of the facet joint 24 months after surgery if the 

implant remains in the facet joint. It should be noted that radiological detection of fusion 

is challenging due to the metal artifact that develops around the zLOCK implant. The 

success rate of zLOCK in achieving fusion appears to be better when combined with an 

OLIF cage. The zLOCK, even when displaced, never caused neurological damage; the 

implant migration was always dorsal. zLOCK rev9 was associated with more dislocations 

than zLOCK rev8. Therefore, further modifications are needed to both the zLOCK facet 

joint implant and the surgical technique and instruments to ensure the zLOCK remains 

within the facet joint. Although the small number of patients makes it impossible to 

conclude the effect of zLOCK on VAS and ODI, the improvement appears to be similar to 

the results of studies with decompression only, without implant placement. Further 

studies are needed to demonstrate the efficacy of fusion, especially zLOCK small joint 

fusion, on VAS and ODI in lumbar degenerative spine diseases. 
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