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Procedural Innovations

Introduction

Synovial cysts and ganglion cysts are often described in 
combination with pathologies of joints and tendon struc-
tures. Disk herniations and bony spinal stenosis are the 
most common reasons for radicular pain in the lumbar 
spine. Cysts of the zygoapophyseal joints (z-joints) are 
much less common causes for these symptoms.

The first reports of intraspinal ganglion cysts were 
made in the year 1880.1 Kao et al2 introduced the term 
juxta articular cyst in 1974. The pathology is described in 
the literature by different names such as synovial cyst, 
ganglion cyst, facet cyst, juxta-facet cyst. Synovial cysts 
can be differentiated histologically from ganglion cysts. 
The synovial cyst is filled with serous, clear or xantho-
chrome fluid. The wall of the cyst is lined with a layer of 

synovial cells. The ganglion cyst has no layer of synovial 
cells inside and contains viscous fluid. The cyst is sur-
rounded by a layer of loose connective tissue. Some 
reports have suggested a theory that both types of cyst 
may be different stages of the same pathology.3,4
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Abstract
In appropriate situations, extensive decompression with laminectomy often continues to be described as the method of 
choice for operations involving lumbar zygoapophyseal joint (z-joint) cysts. Tissue-sparing procedures are nevertheless 
becoming more common. Endoscopic techniques have become the standard procedures in many areas because of 
the advantages they offer in terms of surgical technique and in rehabilitation. One key aspect in spinal surgery was the 
development of instruments for sufficient bone resection carried out under continuous visual control. This enabled 
endoscopes to be used when operating on z-joint cysts. The objective of this prospective study was to examine the 
technical possibilities for the full-endoscopic interlaminar and transforaminal technique in lumbar z-joint cysts. A 
total of 74 patients were followed up for 2 years. The results show that 85% of the patients no longer have any leg 
pain or that the pain had been almost completely eliminated, and 11 % experience occasional pain. The complication 
rate was low. The full-endoscopic techniques brought advantages in the following areas: operation, complications, 
traumatization, and rehabilitation. The recorded results show that full-endoscopic resection of a z-joint cyst using 
an interlaminar and transforaminal approach provides an adequate and safe supplement, and is an alternative to 
conventional procedures when the indication criteria are fulfilled. It also offers the advantages of a minimally invasive 
intervention.
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The histological differentiation between the types is 
not relevant for the clinical symptoms of the patients and 
the treatment of the pathology.

The etiology of z-joint cysts continues to remain 
unclear today. A number of different theories are cur-
rently being discussed. Some are based on histopatho-
logical findings such as the nonspecific proliferation of 
mesenchymal cells, extensive production of hyaluronic 
acid by fibroblasts or the myxoid degeneration of colla-
gen tissue in the neighborhood of a joint.2,5,6 Other theo-
ries for the development of cysts in the z-joints are based 
on mechanical reasons such as destruction of the synovial 
layer of the joint and extravazation of synovial fluid. 
Most of the cysts are found at the level L4/5. This level is 
affected most in pathologies like hypermobility and insta-
bility.5,7-9 One triggering macrotrauma is also discussed 
as a possible etiology, as well as repetitive microtrau-
matic events.10-13

Magnetic resonance imaging (MRI) is the diagnostic 
imaging of first choice. The higher content of proteins 
inside the cyst compared to the cerebrospinal fluid means 
that the cyst often presents as hypointense in T1 com-
pared with the dural sac. In the case of a serous cyst con-
tent, the T1 signal is isointense and the T2 signal 
hypointense. The membrane of the cyst often presents in 
T2 with a hypointense signal.14 The cyst content often 
appears hypointense in the computed tomography (CT) 
apart from the hyperintense appearance of calcified mem-
branes of the cyst. Myelography and/or myelo-CT is 
described as being helpful in differentiating between a 
z-joint cyst and a Tarlov cyst.

Similar to the therapy for radicular symptoms caused 
by other pathologies, for example, disk herniations, the 
therapeutic options vary between conservative treatment, 
invasive procedures like percutaneous cyst aspiration or 
destruction and surgical treatment. 15-18 Surgical interven-
tion can be considered when one of the options referred to 
above fails or in cases of decompensation, or where 
symptoms persist at an intolerable level. Numerous surgi-
cal procedures have been described. Some of these proce-
dures are still subject to controversial discussion.

Over recent years, there appears to be an overall trend 
away from more aggressive to more selective techniques. 
The present trend for predominantly radicular symptoms 
without any signs of greater segmental instability is to use 
cyst resection techniques to preserve stability and avoid 
fusion. However, there are no clear-cut definitions of 
these criteria. The required extent of decompression and 
the circumstances in which additional fusion is necessary 
continue to remain unclear.

Scarring of the epidural space is one operative con-
sequence of conventional surgery.19-22 This may become 
clinically symptomatic and makes revision surgery 
more difficult. Access may influence the stability and 

coordination system in the innervation area of the dor-
sal nerve roots of the spinal nerves.23-25 The use of 
microsurgical techniques has reduced tissue damage 
and its consequences.26-28

The goal of new procedures must be to achieve results 
commensurate with those of standard techniques while 
minimizing traumatization and its long-term conse-
quences. A focal point of technical developments in spi-
nal surgery has been optimization of the intraoperative 
visualization and light conditions and this continues to 
remain the objective. This development has meant that 
endoscopic operations have become standard in various 
areas, such as laparoscopy or arthroscopy. Today, herni-
ated disks and stenosis of the lumbar and cervical spine 
can also be operated full-endoscopically using various 
accesses and techniques.29-35

The goal of this prospective study was to examine the 
technical possibilities of full-endoscopic resection of 
z-joint cysts using an interlaminar or transforaminal 
access. The focus of the study was on the issue of ade-
quate decompression, possible effects of reduced trauma-
tization, potential specific complications and the technical 
performance of the accesses depending on the pathologi-
cal and anatomical correlates.

Materials and Methods

Patients’ Characteristics

Ninety-four patients were enrolled in the prospective 
study. All the patients had undergone surgery between 
January 2009 and September 2010 using the full-endo-
scopic interlaminar and transforaminal technique due to 
lumbar z-joint cyst. 62 patients were women, 32 were 
men. The age range was between 31 and 78 years (mean 
52 years). The stress profile of occupation and sports was 
evenly distributed. None of the patients had retired 
because of the reported complaints. In all, 11 patients 
were unemployed, 64 were on sick leave. Height and 
weight were evenly distributed.

All the patients presented with clinically-symptomatic 
sciatica or neurogenic claudication. 83 underwent MRI 
and 11 had CT examination because of indwelling 
implants or claustrophobia. The duration of pain ranged 
from 10 days to 15 months (mean 62 days). 57 patients 
presented with neurological deficits. 7 patients had under-
gone previous microscope-assisted surgery at a different 
level. Seventy-two patients had received a mean of 6 
weeks conservative treatment, 22 patients with uncontrol-
lable pain symptoms or pronounced acute paralysis were 
operated immediately. A total of 85 patients (90%) were 
operated interlaminar (IN) and 9 (10%) transforaminal 
(TR). Twenty-one interventions were performed at level 
L5/S1 (17 × IN, 4 × TR), 52 at L4/5 (48 × IN, 4 × TR), 5 
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at L3/4 (4 × IN, 1 × TR), 4 at L2/3 (4 × IN, 0 × TR), and 2 
at L1/2 (2 × IN, 0 × TR), whereby the designation L4/5 is 
taken as the definition of the penultimate free level. 
Surgery was performed on one side in all cases. General 
anesthesia was administered in all cases.

Inclusion Criteria

All localizations of single level unilateral z-joint cysts 
(85 × located inside the spinal canal, 9 located intrafo-
raminally and extraforaminally) were included.

The inclusion criteria for interlaminar access were all 
z-joint cyst located inside the spinal canal. No limits were 
set for the extent of the cysts or the location inside the 
spinal canal due to the technical possibility of bone resec-
tion. The inclusion criteria for the transforaminal approach 
were z-joint cysts located inside or outside the neurofora-
men affecting the exiting nerve root of this level.

Exclusion criteria were predominantly back pain, 
spondylolisthesis more than Meyerding grade I, spinal 
stenosis, or disk herniations at higher levels on the same 
side. Apart from general surgical contraindications, there 
were no exclusion criteria relating to general illness.

Optics and Instruments

The rod lenses have a diameter of 6.9 mm, a viewing 
direction of 25° and include an eccentrically located, 
intraendoscopic working channel measuring 4.1 mm in 
diameter (Figures 1 and 2). The eccentric positioning of 
the working channel permits additional mobility of the 
instruments by rotation of the endoscope. Furthermore, 
fiber-optic cable, the liquid-stream system, and the lens 
system are included in the optical system. The length of 
the lens is 207 mm for the transforaminal approach and 
165 mm for the interlaminar approach.

The optical system also includes the ports for the fiber-
optic cable and camera, and a 360° rotatable connection for 
the irrigation liquid. The returning liquid flows through the 
working channel, and between the lens system and opera-
tion sheath. A membrane to be placed at the top of the 
scope is supplied to provide temporary interruption of the 
water flow through the working channel and hence enable 
the irrigation pressure to be increased. The scope is freely 
guided through the operation sheaths which have an outer 
diameter of 7.9 mm and are adjusted to the length of the 
scope. The sheaths are introduced through a dilator with an 
outer diameter of 6.9 mm. A spinal needle and a guide wire 
are also required for the transforaminal approach.

A range of different instruments is available with out-
side diameters from 2 to 4 mm. The surgeon can work 
with all the instruments introduced under continuous 
visualization. The main instruments are rongeurs, 
punches, dissectors, and angled retractors.

A radiofrequency articulating ball electrode is avail-
able for dissection, coagulation, and probing. Shaver and 
cutter heads have a diameter up to 4 mm and are compa-
rable to those used in arthroscopy (Figure 3). Additional 
accessories generally used in endoscopic or arthroscopic 
operations are also required: monitor, light source, cam-
era unit, shaver motor, pump for irrigation fluid, radio 
frequency unit, and a documentation system.

All of the operating instruments and optics products 
have worldwide certification and are supplied by WOLF 
(instrument manufacturer Richard Wolf, Knittlingen, 
Germany).

Operative Technique Lateral Transforaminal 
Approach

The z-joint cyst located in the neuroforamen is shown in 
Figure 4.

Figure 1. Endoscope including working channel, optical and 
light system, and irrigation canal.

Figure 2. Endoscope with operation sleeve.
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The surgical access is created with the patient in the 
prone position under orthograde radiological control in  
2 planes. First, the localization of the skin incision is 
marked. The aim is to achieve tangential access to the spi-
nal canal (Figure 5). The dorsal edge of the inferior articular 
process normally limits the area of entry ventrally in lateral 
radiation for levels L3/4 and L4/5. Safety must take prece-
dence particularly at the higher levels as a result of the need 
to prevent complications involving injury to abdominal or 
thoracic structures. In such cases, a preoperative selective 
single CT scan with broad window should be performed as 
a minimum to define the safe access pathway. This applies 
especially to patients where retroperitoneal operations have 
been performed at an earlier stage. In these cases, a more 
individual, less lateral access has to be selected. At level L5/
S1 the iliac crest precludes a lateral approach in most cases. 
A more posterior entry point is then recommended.

A 1.5-mm atraumatic spinal cannula is inserted 
through the skin incision directly into the target area. 
After insertion of a 0.8-mm guide wire, the cannulated 
dilator with an outer diameter of 6.9 mm is pushed in. At 
this point, the target wire may be removed so that further 
positional correction can be made safely using the blunt 
dilator. A surgical sheath with beveled opening and an 
outer diameter of 7.9 mm is then placed over the dilator. 
Subsequent decompression is then carried out under 
visual control and continuous irrigation (Figure 6). If fur-
ther penetration into the epidural space is required, this is 
performed under visual control to protect neural struc-
tures. If the anatomical bony diameter of the interverte-
bral foramen does not permit direct entry into the spinal 
canal, burrs are used to carry out bone resection and 
expand the openings. If the position of the exiting nerve 
is not clear, which is frequently the case in cysts located 
intraforaminally or extraforaminally, access is made on 

Figure 4. Zygoapophyseal joint cyst located in the 
neuroforamen.

Figure 5. Working area of the lateral transforaminal 
approach.

Figure 6. Lateral transforaminal approach with inserted 
endoscope and instruments.

Figure 3. Endoscope with introduced 4-mm bone resector.
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the caudal pedicle as a safe area and further dissection 
toward the cyst is carried out under visual control. The 
narrow anatomic conditions prevailing, especially at 
level L5/S1, means that particular care has to be exer-
cised when positioning the needle to the caudal pedicle 
and the exposure of the complete foramen, including the 
exiting nerve root and the cyst should be carried out under 
continuous visualization.

Operative Technique for the Interlaminar 
Approach

The z-joint cyst located in the spinal canal is shown in 
Figure 7.

The surgical access is created with the patient in the 
prone position under orthograde radiological control in 2 
planes. The skin incision is made as medially as possible 
in the craniocaudal center of the interlaminar window. A 
dilator with an outer diameter of 6.9 mm is inserted bluntly 
to the lateral edge of the interlaminar window. An opera-
tion sheath with an outer diameter of 7.9 mm and beveled 
opening is then directed toward the ligamentum flavum. 
The subsequent procedure is performed under visual con-
trol and with constant irrigation. A lateral incision to about 
3 to 5 mm is made in the ligamentum flavum and further 
widening for penetration into the spinal canal is achieved 
through the elasticity of the ligament (Figure 8). The oper-
ating sheath with beveled opening can be turned and used 
as a nerve hook. Mobility within the spinal canal is con-
trolled by manipulating the optics based on the joystick 
principle. If the anatomical bony diameter of the interlam-
inar window does not allow direct penetration into the spi-
nal canal through the ligamentum flavum, a bone cutter is 
used to carry out bone resection and expand the opening.

The key element for both techniques is complete 
resection of the cyst. After the cyst has been identified, 
possible adhesions to neural structures are released. The 
cyst is then opened and completely resected. If necessary, 
the neighboring bony structures are also resected. The 
operation was finished when the complete cyst was 
resected and the neural structure was clearly decom-
pressed under visual observation.

Follow-up and Statistical Analysis

Follow-up examinations were carried out on day 1 and 
then 3, 6, 12, and 24 months postoperatively. Apart from 
recording general parameters, the following measuring 
instruments were used: Visual analog scale (VAS) for 
back and leg pain, German version of the North American 
Spine Society Instrument (NASS),38,39 and Oswestry 
Low-Back-Pain Disability Questionaire.40 The Wilcoxon 
test and the Mann-Whitney U test were applied for com-
parison of preoperative and postoperative global results, 
and for comparison of results in the transforaminal versus 
the interlaminar group at different times. McNemar’s test 
was used to compare characteristics of the 2 groups.

Depending on the group characteristics, the descrip-
tive assessments and analytical statistics were performed 
with the SPSS Version 20 program package. A positive 
significance level was assumed at P < .05.

Results

Seventy-four (79%) patients were included in the follow-
up. Exclusion of the remaining patients was for the fol-
lowing reasons: 2 patients underwent additional surgery 
in the same segment, 8 patients moved away and left no 
forwarding address, and 10 patients did not respond to 
letters or telephone calls.

Figure 8. Interlaminar approach with inserted endoscope 
and instruments.Figure 7. Zygoapophyseal joint cyst located in the spinal 

canal.
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None of the results showed any dependence on gender, 
age, height, weight, employment status, or concomitant 
diseases. The operating time ranged from 14 to 43 min-
utes (mean = 22 minutes). There was no measurable 
blood loss. A dural tear of less than 2 mm was observed in 
two cases and this was covered by a collagen flap after 
the procedure. No other complications, such as postop-
erative bleeding, injury to nerves, or temporary urinary 
retention were observed. 4 patients developed a transient 
postoperative dysesthesia (3 patients of the transforami-
nal group, 1 of the interlaminar group). Postoperative 
pain medication was not required. Mobilization was 
immediate, depending on narcosis. No rehabilitative 
measures were performed except for patients with pare-
sis. The patient population was equal in the interlaminar 
and transforaminal group. No significant differences 
between the 2 groups were found in the assessment of 
results obtained for all the parameters.

Intraoperative Findings

Sixty-three (67%) out of 94 patients had a cyst filled with 
mucoid content, 18 (19%) with serous content and 13 
(14%) with hemorrhage material. In 22 patients (24%), 
strong adhesions between the cyst and the dura had to be 
released. In 17 patients (18%), the lateral recess was addi-
tionally decompressed and a pure complete resection of 
the cyst was performed in the rest of the patients.

Recurrences

Two patients (2.1%) with a recurrent cyst at the operated 
level within the follow-up period after a period free of 
pain. One patient was operated on again using the same 
technique and remained free of pain. The other patient 
was fused in the affected level.

Clinical Outcome

Figures 9 and 10 show the data of the scales. There is con-
stant and significant (P < .001) improvement in leg pain and 
daily activities. There was no influence on back pain. After 
a period of 2 years, 63 (85%) patients no longer had leg 
pain, 8 (11%) had pain occasionally or the pain was greatly 
reduced, and 3 (4%) experienced no essential improvement. 
There was no significant operation-related deterioration in 
leg or back pain. Neurological deficits were significantly  
(P < .001) better reduced with a history of less than 2 weeks. 
Sixty-nine patients (93%) reported subjective satisfaction 
and stated that they would undergo the procedure again. No 
patient underwent an additional operation due to persistent 
leg pain during the follow-up period. In all, 66 patients 
returned to their occupation or sports activities. Sick leave 
following hospitalization ranged from 3 to 37 days, with a 

mean of 12 days. No clinical symptoms were observed 
relating to growing instability.

Postoperative Changes

Routine performance of postoperative MRIs for purely 
study purposes without clinical symptoms was not possible 
in the authors’ health system because of costs resulting 
from the number of patients involved. An MRI with admin-
istration of dye was carried out 21 times postoperatively 
after a period of at least 3 months. Assessment was made 
by radiologists who carried out the preoperative MRIs. 
Intraforaminal changes that could be rated as being due to 
operation were diagnosed in the transforaminal group. No 
intraformainal or extraforaminal changes in neural struc-
tures involving scar distortions were observed. Likewise, 
no scarring was observed in the access pathway.

Figure 9. Visual analog scale and Oswestry Low-Back-Pain 
Disability Questionnaire: 24-month results.

Figure 10. German version of the North American Spine 
Society Instrument (NASS) pain and NASS neurology: 
24-month results.
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The craniocaudal and dorsoventral expansion of changes 
in the lateral epidural space observed in the interlaminar 
group was a maximum of 5 mm. The expansion was 
regarded as being related to the operation and corresponded 
to the size of the flavum defect. There were no scars in the 
access area. This is confirmed macroscopically in the revi-
sion cases after decompression of recurrent disk herniation 
with interlaminar access.

No increasing segmental instability was observed dur-
ing the follow-up period.

Operative Technique

Access-related bony resection was required in 63 cases 
(67%). In the interlaminar access, it was necessary to 
widen the interlaminar window 62 times, in order to gain 
access to the spinal canal. In the transforaminal group, 
bony segments had to be removed from the under surface 
of the superior articular process, or the cranial segment of 
the caudal pedicle in one case.

Total resection of the z-joint cyst was technically pos-
sible in all cases. The use of bipolar high-frequency 
probes was found to be necessary in all cases for dissec-
tion and cauterization.

Discussion

The goal of surgical treatment of z-joint cysts is sufficient 
decompression with minimization of operation-induced 
traumatization and its consecutive sequelae. The present 
study results show that the full-endoscopic transforami-
nal and interlaminar operation offers therapeutic alterna-
tives to conventional procedures.

The procedure discussed achieves the results of micro-
scope-assisted procedures at levels of between 80% and 
100%.41-44 The possibility of sufficient decompression 
with the endoscopic transforaminal and interlaminar 
technique equal to that of microscope-assisted procedures 
is also shown in prospective randomized studies in the 
field of lumbar disk herniation, lateral and central steno-
sis.29-35 The avoidance or reduction of resection of spinal 
canal structures facilitated by this technique and the mini-
mally traumatic cyst resection seem capable of reducing 
operation-induced segment instability,45-48 operation 
time, tissue traumatization and complications that may 
occur in the course of conventional procedures.49-53 The 
preoperative activity level is attained to a comparably 
high extent.54 Operation-related rehabilitative measures 
are not necessary. There is no operation-related aggrava-
tion of existing symptoms that is consistent with the min-
imally-invasive procedure. Concomitant diseases do not 
lead to increased morbidity. The reduction of neurologi-
cal deficits could not be predicted on the basis of known 
results.58,59 Although all patients were operated under 

general anesthesia in the present study, operation under 
local anesthesia is also described especially for the trans-
foraminal approach.60

Revisions due to recurrent cysts can be operated using 
the same technique. The appearance of z-joint cysts is 
often closely related to degeneration of the joint, espe-
cially when there are growing complaints of back pain, 
and a stabilizing operation therefore has to be discussed 
when a recurrent cyst appears.

Postoperative MRI scans show no scarring in the access 
area and only slight scarring in the spinal canal or foramen. 
The epidural fat as lubricant is largely preserved. This find-
ing was confirmed in repeated procedures after microsur-
gically assisted operations which, unlike subsequent 
conventional techniques, were neither made significantly 
more difficult nor required longer operation time.61 By 
contrast, epidural scarring, which may become clinically 
symptomatic in up to 10 % of cases, must be expected 
when using conventional techniques.62,63 Reduced trauma-
tization of the ligamentum flavum appears to bring advan-
tages.64 The opening of the ligament to insert the endoscope 
into the spinal canal can be limited to maximum 5 mm. 
However, it is important to remember that epidural scar-
ring may be unremarkable in the MRI.62,65 Overall, the 
combination of a lack of clinical symptoms, the MRI find-
ings and the intraoperative revision findings demonstrate 
reduced scarring due to the procedure described.

The lens system with a 4.2-mm intraendoscopic work-
ing channel expands the indication spectrum with appro-
priate new instruments, shavers and burrs for providing 
adequate bone resection. Mobility is increased by the 
possibility of bone resection and surgery on every z-joint 
cyst is therefore technically feasible. Parameters like the 
bony diameter of the interlaminar window or the extent of 
craniocaudal extension of the cyst are no longer contrain-
dications. Because of the fact that a definitive assessment 
of the necessity of bone resection is not always possible 
based on preoperative imaging, the new instruments offer 
considerable advantages in guaranteeing that intraopera-
tive obstacles to access can be overcome.

In order to guarantee complete decompression, z-joint 
cysts have to be resected under visual control. Predictable 
decompression under visual control must be guaranteed 
as a basic prerequisite for comparison with conventional 
operations. The indications for transforaminal access in 
the resection of z-joint cysts is limited to intraforaminally 
and extraforaminally located cysts. This means that ade-
quate operation of z-joint cysts located inside the spinal 
canal cannot be sufficiently addressed using a transfo-
raminal approach because of the lack of mobility.

The authors therefore use the interlaminar approach in 
cysts located inside the spinal canal which the authors 
believe are technically inoperable using the transforminal 
technique.
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Based on individual pathology and anatomy, the guide 
indication for the present techniques are radicular com-
pression symptoms caused by z-joint cysts. Concomitant 
osteochondrosis and spinal canal stenosis are not contrain-
dications. Bilateral and bisegmental procedures, such as 
those that may also be required in conventional tech-
niques, are technically possible within the indication 
criteria.

Conclusions

The results of the present prospective study show that 
predictably sufficient decompression under visual con-
trol within a short operation time is guaranteed using the 
full-endoscopic transforaminal and interlaminar tech-
nique. The equivalence in effectiveness to conventional 
operations is taken as the minimum target for new tech-
niques and this equivalence is attained. The endoscope 
with its 4.2-mm working channel and corresponding 
instruments have opened up the field of indication from 
disk herniations and stenosis to decompression of z-joint 
cysts. The authors believe that this approach offers the 
following advantages: facilitation for the surgeon thanks 
to excellent presentation of anatomical structures, good 
illumination and expanded field of vision with 25° 
optics, cost-effective procedure due to short operating 
time, rapid rehabilitation and low postoperative care 
costs, reduced traumatization, reduced bleeding, facili-
tated revision operations, image monitoring as a train-
ing platform for assistants, and high level of patient 
acceptance. The following disadvantages have to be 
considered: limited possibility of extending surgery in 
the event of unforeseen obstacles, steep learning curve, 
theoretically elevated risk of injury to exiting nerve, and 
narrow indication criteria in the transforaminal tech-
nique because of limited mobility resulting from the 
elimination of extensive bone resection. Furthermore, as 
yet there is no possibility of suturing a dural tear 
full-endoscopically.

In the authors’ view, the techniques presented as ade-
quate and safe supplements and alternatives to open, 
microscope or endoscopically assisted procedures. New 
endoscopes and instruments provide the possibility of 
selecting an interlaminar or transforaminal procedure, 
and z-joint cysts outside and inside the spinal canal can 
be appropriately operated using the full-endoscopic tech-
nique, taking the appropriate criteria into account.

Nevertheless, open and maximally invasive proce-
dures are necessary in spinal surgery today and will 
remain so in future. These must be mastered by surgeons 
so that they are in a position to deal with the problems and 
complications that may arise in the course of full-endo-
scopic procedures. Despite the growing spectrum of indi-
cations for full-endoscopic techniques, these do not 

represent a replacement of existing operative standards 
but are rather a supplement and alternative within the 
overall concept of spinal surgery.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

References

 1. Heary RF, Stellar S, Fobben ES. Preoperative diagnosis 
of an extradural cyst arising from a spinal facet joint: case 
report. Neurosurgery. 1992;30:415-418.

 2. Kao CC, Wimkler SS, Turner JH. Synovial cyst of the spi-
nal facet. Case report. J Neurosurgery. 1974;41:372-376.

 3. Hsu KY, Zucherman JF, Shea WJ, Jeffrey RA. Lumbar 
intraspinal synovial and ganglion cysts (facet cysts). 
Ten-year experience in evaluation and treatment. Spine. 
1995;20:80-89.

 4. Soren A. Pathogenesis and treatment of ganglion. Clin 
Orthop Relat Res. 1966;48:173-179.

 5. Azzam CJ. Midline lumbar ganglion/synovial cyst mimick-
ing an epidural tumor: case report and review of pathogen-
esis. Neurosurgery. 1986;23:232-234.

 6. Kjerulf TD, Terry DW Jr, Boubelik RJ. Lumbar synovial or 
ganglion cysts. Neurosurgery. 1986;19:415-420.

 7. Cameron SE, Hanscom DA. Rapid development of spinal 
synovial cysts. A case report. Spine. 1992;17:1528-1530.

 8. Freidberg SR, Fellows T, Thomas CB, Mancall AC. Juxta-
facet cysts. Report of two cases and review of clinicopatho-
logical features. Spine. 1993;18:779-782.

 9. Onoforio BM, Mih AD. Synovial cysts of the spine. 
Neurosurgery. 1988;22:642-647.

 10. Apostolaki E, Davies AM, Evans N, Cassar-Pullicino VN. 
MR imaging of lumbar facet joint synovial cysts. Eur 
Radiol. 2000;10:615-623.

 11. Bushan C, Hodges FJ, Wiryk JJ. Synovial cyst (ganglion) 
simulating extradural mass. Neuroradiology. 1979;18: 
263-268.

 12. Hemminghytt S, Daniel DL, Williams AL, et al. Intraspinal 
synovial cysts: natural history and diagnosis by CT. 
Radiology 1982; 145: 375-376.

 13. Tillich M, Trummer M, Lindbichler F, Flaschka G. 
Symptomatic intraspinal synovial cysts of the lumbar spine: 
correlation of MR and surgical findings. Neuroradiology. 
2001;43:1070-1075.

 14. Sabo RA, Tracy PT, Weinger JM. A series of 60 juxtafacet 
cysts: a clinical presentation, the role of spinal instability 
and treatment. J Neurosurgery. 1996;85:560-565.

 15. Abrams J, Hsu K, Kondrashov D, McDermott T, 
Zucherman J. Treatment of facet cysts associated with 
neurogenic intermittent claudication with x-stop. J Spinal 
Disord Tech. 2013;26:218-221.



Komp et al 613

 16. James A, Laufer I, Parikh K, Nagineni VV, Saleh TO, Härtl 
R. Lumbar juxtafacet cyst resection: the facet sparing con-
tralateral minimally invasive surgical approach. J Spinal 
Disord Tech. 2012;25:E13-E17.

 17. Gupta A. Synovial cysts: to fuse or not to fuse? Spine J. 
2010;10:817-819.

 18. Epstein NE, Baisden J. The diagnosis and management of 
synovial cysts: efficacy of surgery versus cyst aspiration. 
Surg Neurol Int. 2012;3(suppl 3):157-166.

 19. Schoeggl A, Maier H, Saringer W, Reddy M, Matula 
C. Outcome after chronic sciatica as the only reason for 
lumbar microdiscectomy. J Spinal Disord Tech. 2002;15: 
415-419.

 20. Abumi K, Panjabi MM, Kramer KM, Duranceau J, Oxland 
T, Criso JJ. Biomechanical evaluation of lumbar spi-
nal stability after graded facetectomies. Spine. 1990;15: 
1142-1147.

 21. Haher TR, O’Brien M, Dryer JW, Nucci R, Zipnick R, 
Leone DJ. The role of the lumbar facet joints in spinal sta-
bility. Identification of alternative paths of loading. Spine. 
1994;19:2667-2670.

 22. Hopp E, Tsou PM. Postdecompression lumbar instability. 
Clin Orthop Relat Res. 1988;227:143-151.

 23. Cooper R, Mitchell W, Illimgworth K, Forbes WS, 
Gillespie JE, Jayson MI. The role of epidural fibrosis and 
defective fibrinolysis in the persistence of postlaminec-
tomy back pain. Spine. 1991;16:1044-1048.

 24. Lewis PJ, Weir BK, Broad RW, Grace MG. Long-term 
prospective study of lumbosacral discectomy. J Neurosurg. 
1987;67:49-54.

 25. Waddell G, Reilly S, Torsney B, et al. Assessment of 
the outcome of low back surgery. J Bone Joint Surg Br. 
1988;70:723-727.

 26. Parke WW. The significance of venous return in ischemic 
radiculopathy and myelopathy. Orthop Clin North Am. 
1991;22:213-220.

 27. Schick U, Doehnert J, Richter A, Konig A, Vitzkun HE. 
Microendoscopic lumbar discectomy versus open sur-
gery: an intraoperative EMG study. Eur Spine. 2002;11: 
20-26.

 28. Weber BR, Grob D, Dvorak J, Muntener M. Posterior sur-
gical approach to the lumbar spine and its effect on the mul-
tifidus muscle. Spine. 1997;22:1765-1772.

 29. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic 
anterior decompression versus conventional anterior 
decompression and fusion in cervical disc herniations. Int 
Orthop. 2009;33:1677-1682.

 30. Ruetten S, Komp M, Merk H, Godolias G. Surgical 
treatment for lumbar lateral recess stenosis with the full-
endoscopic interlaminar and transforaminal approach 
versus conventional microsurgical technique: a prospec-
tive, randomized, controlled study. J Neurosurg Spine. 
2009;10:476-485.

 31. Ruetten S, Komp M, Merk H, Godolias G. Recurrent lum-
bar disc herniation following conventional discectomy: a 
prospective, randomized study comparing full-endoscopic 
interlaminar and transforaminal versus microsurgical revi-
sion. J Spinal Disord Tech. 2009;22:122-129.

 32. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic 
cervical posterior foraminotomy for the operation of lateral 
disc herniations using 5.9-mm endoscopes: a prospective, 
randomized, controlled study. Spine. 2008;33:940-948.

 33. Ruetten S, Komp M, Merk H, Godolias G. Full-endoscopic 
interlaminar and transforaminal lumbar discectomy versus 
conventional microsurgical technique: a prospective, ran-
domized, controlled study. Spine. 2008;33:931-939.

 34. Ruetten S, Komp M, Merk H, Godolias G. Use of newly 
developed instruments and endoscopes: full-endoscopic 
resection of lumbar disc herniations via the interlaminar 
and lateral transforaminal approach. J Neurosurg Spine. 
2007;6:521-530.

 35. Ruetten S, Komp M, Godolias G: An extreme lateral access 
for the surgery of lumbar disc herniations inside the spi-
nal canal using the full-endoscopic uniportal transforami-
nal approach. Technique and prospective results of 463 
patients. Spine. 2005;30:2570-2578.

 36. Andersson GB, Brown MD, et al. Consensus summary 
on the diagnosis and treatment of lumbar disc herniation. 
Spine. 1996;21:75-78.

 37. McCulloch JA. Focus issue on lumbar disc herniation: 
macro- and microdiscectomy. Spine. 996;21:45-56.

 38. Daltroy LH, Cats-Baril WL, Katz JN, Fossel AH, Liang 
MH. The North American Spine Society (NASS) Lumbar 
Spine Outcome Instrument: Reliability and validity tests. 
Spine. 1996;21:741-749.

 39. Pose B, Sangha O, Peters A, Wildner M. Validation of 
the North American Spine Society Instrument for assess-
ment of health status in patients with chronic back-
ache [in German]. Z Orthop Ihre Grenzgeb. 1999;137: 
437-441.

 40. Fairbank JC, Couper J, Davies JB, O’Brien JP. The 
Oswestry low back pain questionnaire. Physiotherapy. 
1980;66:271-273.

 41. Sandhu FA, Santiago P, Fessler RG, Palmer S. Minimally 
invasive surgical treatment of lumbar synovial cysts. 
Neurosurgery. 2004;54:107-112.

 42. Deinsberger R, Kinn E, Ungersböck K. Microsurgical 
treatment of juxta facet cysts of the lumbar spine. J Spinal 
Disord Tech. 2006;19:155-160.

 43. Métellus P, Fuentes S, Adetchessi T, et al. Retrospective 
study of 77 patients harbouring lumbar synovial cysts: 
functional and neurological outcome. Acta Neurochir 
(Wien). 2006;148:47-54.

 44. Oertel MF, Ryang Y, Ince A, Gilsbach JM, Rohde V. 
Microsurgical therapy of symptomatic lumbar juxta facet 
cysts. Minim Invasive Neurosurg. 2003;46:349-353.

 45. Lida Y, Kataoka O, Sho T, et al. Postoperative lumbar spi-
nal instability occurring or progressing secondary to lami-
nectomy. Spine. 1990;15:1186-1189.

 46. Kambin P, Cohen L, Brooks ML, Schaffer JL. Development 
of degenerative spondylosis of the lumbar spine after par-
tial discectomy: comparison of laminotomy, discectomy 
and posterolateral discectomy. Spine. 1994;20:599-607.

 47. Kotilainen E, Valtonen S. Clinical instability of the lum-
bar spine after microdiscectomy. Acta Neurochir (Wien). 
1993;125:120-126.



614 Surgical Innovation 21(6)

 48. Nystrom B. Experience of microsurgical compared with 
conventional technique in lumbar disc operations. Acta 
Neurol Scand. 1987;76:129-141.

 49. Caspar W, Campbell B, Barbier DD, Kretschmmer R, 
Gotfried Y. The Caspar microsurgical discectomy and 
comparison with a conventional standard lumbar disc pro-
cedure. Neurosurgery. 1991;28:78-87.

 50. Choi G, Lee SH, Raiturker PP, Lee S, Chae YS. 
Percutaneous endoscopic interlaminar discectomy for 
intracanalicular disc herniations at L5-S1 using a rigid 
working channel endoscope. Neurosurgery. 2006;58: 
59-68.

 51. Mayer HM. The microsurgical interlaminar, paramedian 
approach. In: Mayer HM, ed. Minimally Invasive Spine 
Surgery. Berlin, Germany: Springer; 2000:79-91.

 52. Rompe JD, Eysel P, Zöllner J, Heine J. Intra- and post-
operative risk analysis after lumbar intervertebral disk 
operation [in German]. Z Orthop Ihre Grenzgeb. 1999;137: 
201-205.

 53. Wildfoerster U. Intraoperative complications in lumbar 
intervertebral disc operations. cooperative study of the spi-
nal study group of the German Society of Neurosurgery. 
Neurochirurgica. 1991;34:53-56.

 54. Donceel P, Du Bois M. Fitness for work after lumbar 
disc herniation: a retrospective study. Eur Spine. 1998;7: 
29-35.

 55. Ross JS, Robertson JT, Frederickson RC, Petrie JL, 
Obuchowski N, Modic MT. Association between peri-
dural scar and recurrent radicular pain after lumbar dis-
cectomy: magnetic resonance evaluation. Neurosurgery. 
1996;38:861-863.

 56. Natarajan RN, Andersson GB, Padwardhan AG, Andriacchi 
TP. Study on effect of graded facetectomy on change in 
lumbar motion segment torsional flexibility using three-
dimensional continuum contact representation for facet 
joints. J Biomech Eng. 1999;121:215-221.

 57. Stolke D, Sollmann WP, Seifert V. Intra- and postoperative 
complications in lumbar disc surgery. Spine. 1989;14:56-59.

 58. Krämer J. Intervertebral Disk Diseases. Stuttgart, 
Germany: Thieme; 1990.

 59. Aydin Y, Ziyal IM, Dumam H, Turkmen CS, Basak M, 
Sakin Y. Clinical and radiological results of lumbar micro-
discectomy technique with preserving of ligamentum 
flavum comparing to the standard microdiscectomy tech-
nique. Surg Neurol. 2002;57:5-13.

 60. Tsou PM, Yeung CA, Yeung AT. Posterolateral trans-
foraminal selective endoscopic discectomy and thermal 
annuloplasty for chronic lumbar discogenic pain: a mini-
mal access visualized intradiscal surgical procedure. Spine 
J. 2004;4:564-573.

 61. Stücker R. The transforaminal endoscopic approach. In: 
Mayer HM, ed. Minimally Invasive Spine Surgery. Berlin, 
Germany: Springer; 2000:201-206.

 62. Annerzt M, Jonsson B, Stromqvist B, Holtas S. No relation-
ship between epidural fibrosis and sciatica in the lumbar 
postdiscectomy syndrome. A study with contrast-enhanced 
magnetic resonance imaging in symptomatic and asymp-
tomatic patients. Spine. 1995;20:449-453.

 63. Fritsch EW, Heisel J, Rupp S. The failed back surgery 
syndrome: reasons, intraoperative findings and long 
term results: a report of 182 operative treatments. Spine. 
1996;21:626-633.

 64. Aydin Y, Ziyal IM, Dumam H, Turkmen CS, Basak M, 
Sakin Y. Clinical and radiological results of lumbar micro-
discectomy technique with preserving of ligamentum 
flavum comparing to the standard microdiscectomy tech-
nique. Surg Neurol. 2002;57:5-13.

 65. Ruetten S, Meyer O, Godolias G. Epiduroscopic diagnosis 
and treatment of epidural adhesions in chronic back pain 
syndrome of patients with previous surgical treatment: 
first results of 31 interventions [in German]. Z Orthop Ihre 
Grenzgeb. 2002;140:171-175.



Copyright of Surgical Innovation is the property of Sage Publications Inc. and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for
individual use.


