
Background: Extensive decompression with laminectomy, where appropriate, is often still 
described as the method of choice when operating on degenerative lumbar spinal stenosis. 
Nonetheless, tissue-sparing procedures are becoming more common. Endoscopic techniques 
have become the standard in many areas because of the surgical advantages they offer and the 
benefits for rehabilitation. One key issue when operating on the spine was the development 
of instruments to provide sufficient bone resection under continuous visual control. This was 
achieved by using endoscopes for operations carried out in cases of spinal canal stenosis. 

Objective: This study of patients with degenerative lumbar central spinal stenosis compares 
the results of spinal decompression using the full-endoscopic interlaminar technique (FI) with 
a conventional microsurgical laminotomy technique (MI).

Study Design: Prospective, randomized, controlled study.

Settings: 135 patients with microsurgical or full-endoscopic decompression were followed 
up for 2 years. Alongside general and specific parameters, the following measuring instruments 
were also used for the investigation: Visual Analog Scale (VAS), German version of the North 
American Spine Society Instrument (NASS), Oswestry Low-Back-Pain-Disability Questionnaire 
(ODI).

Results: Postoperatively 72 % of the patients no longer had leg pain or the pain was almost 
completely reduced and 21.2 % experienced occasional pain. The clinical results were the 
same in both groups. The rate of complications and revisions was significantly reduced in 
the FI Group. The full-endoscopic techniques brought advantages in the following areas: 
operation, complications, traumatization, rehabilitation. 

Limitations: Lack of placebo control group.

Conclusions: The recorded results demonstrate that the full-endoscopic interlaminar 
bilateral decompression adopting a unilateral approach provides an adequate and safe 
supplement and alternative to the conventional microsurgical bilateral laminotomy technique 
when the indication criteria are fulfilled. At the same time, it offers the advantages of a 
minimally invasive intervention.
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conditions, and this remains the case. With reference 
to this, endoscopic operations have become standard 
in various areas, such as arthroscopy or laparoscopy. 
Herniated discs and stenosis of the lumbar and cervical 
spine can now also be operated fully endoscopically us-
ing various accesses and techniques (33-39).

The goal of this prospective, randomized, con-
trolled study was to compare the surgical results in 
degenerative lumbar central stenosis in full-endoscopic 
technique using an interlaminar approach with the re-
sults of a conventional microsurgical technique. 

Methods

Characteristics of Patients
In the prospective, randomized, controlled study, 

we enrolled 160 patients with clinically symptomatic 
degenerative lumbar central stenosis who underwent 
surgical decompression. There were 91 women and 69 
men whose ages ranged from 41 to 84 years (mean 
62 years). The duration of symptoms ranged from 6 
months to more than 5 years (mean 17 months). All 
patients had received a mean of 13 months of conserva-
tive treatment. The possible walking time averaged less 
than 20 minutes. The indication for surgery was defined 
according to present-day standards based on radicular 
pain symptoms or neurogenic claudication and existing 
neurological deficits (40,41). 

Study Groups
Eighty patients each underwent conventional 

microsurgical (MI) or full-endoscopic interlaminar (FI) 
decompression. Randomization was not blinded, since 
the patients may identify the operation procedure. 
After determination of the general indication for surgi-
cal decompression by experienced physicians who were 
not involved in the operation, randomized assignment 
was carried out by a non-physician study staff. The ran-
domization was carried out as a block randomization. 
The secretary provided scheduling in a closed envelope 
containing details of the patients to be operated on. 
The randomization was balanced to the end of the 
study. All operations were performed by 2 surgeons 
with many years of experience in both techniques. The 
results of the study group (FI) were compared to those 
of the control intervention group (MI). The patients 
were informed preoperatively about the procedure 
which was to be carried out on them. The follow-up 
investigators were not informed of which surgical pro-
cedure had been carried out. Eleven interventions were 

Degenerative lumbar stenosis can be caused 
by bony, discal, capsular, or ligamentary 
structures. The compression may lead to the 

classic clinical symptoms of neurogenic claudication 
with radicular signs. Back pain is more likely to be 
attributable to degenerative secondary phenomena, 
such as segment instabilities or deformities. There 
are various hypotheses to explain the onset of pain 
associated with spinal stenosis and they include 
mechanical neural and vascular, inflammatory, as well 
as biomechanical reasons (1-4). There is no unequivocal 
correlation between the extent of stenosis observed in 
imaging procedures and the clinical symptoms (1-5).

In therapeutic terms, surgical intervention may be 
considered in cases of decompensation or intolerable 
persistence. In this respect, decompression, fusion, or a 
combination of the 2 procedures should be considered 
due to the possible leg and back symptoms. Numerous 
surgical procedures have been described, some of which 
are still the subject of controversial discussion (1-15). 
Overall, there appears to have been a trend over recent 
years involving a change from more aggressive to more 
selective techniques. The present tendency is to avoid 
fusion with predominantly leg symptoms, without any 
signs of segment instability and deformity and to use 
stability-preserving decompression techniques. How-
ever, there are no clear-cut definitions of these criteria. 
According to evidence-based medicine (EBM) criteria, 
it appears that decompression can now improve neu-
rogenic claudication and neurological deficits. The re-
quired extent of decompression and the circumstances 
necessitating additional fusion remain unclear.

One operative consequence of surgery is scarring 
of the epidural space (16-19), which may become clini-
cally symptomatic in 10% or more of cases (17-19) and 
this makes revision surgery more difficult. An analysis 
of study results in decompression revealed the occur-
rence of operation-induced destabilization due to the 
necessary resection of spinal canal structures (20-26). 
The point of access influences the stabilization and co-
ordination system in the innervation area of the dorsal 
nerve roots for the spinal nerves (27-29). The use of mi-
crosurgical techniques has reduced tissue damage and 
its consequences (30-32). 

The goal of new procedures must be to achieve 
results commensurate with current outcomes of stan-
dard techniques while minimizing traumatization and 
its negative long-term consequences. A focal point 
of technical developments in spinal surgery has been 
optimization of the intraoperative vision and light 
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performed at the L5-S1 level (4 x MI, 7 x FI), 80 at L4-L5 
(42 x MI, 38 x FI), 55 at L3-L4 (25 x MI, 30 x FI), and 14 at 
L2-L3 (9 x MI, 5 x FI). 

Inclusion Criteria
The following inclusion criteria were applied: pre-

dominant leg symptoms, neurogenic claudication with 
or without paresis, back pain maximum 30/100 on the 
visual analogue scale (VAS), conservative therapy ex-
hausted or no longer indicated due to the symptoms, 
monosegmental central stenosis caused by facet hyper-
trophy, hypertrophy of the ligamentum flavum, and 
disc protrusions or the combination of those. Exclusion 
criteria were predominant back pain, foraminal stenosis 
in the lower level, fresh soft disc herniations with bony 
stenosis, degenerative spondylolisthesis more than Mey-
erding Grade I, multidirectional rotation slide, scoliosis 
more than 20°, prior surgery in the same segment, and 
cauda equina syndrome. In summary, an attempt was 
made to define inclusion criteria which do not represent 
a clear indication for additional fusion, also taking clini-
cal symptoms into account.

Full-Endoscopic Instruments
The working sheaths are inserted bluntly using a 

dilatator. They have an outer diameter of 10 mm and 
a beveled opening, which enable visual and working 
fields to be created in an area without clear anatomi-
cally preformed cavity. The scope has an outer diameter 
of 9.5 mm and is inserted through the working sheath. 
The scope contains an intraendoscopic, excentric work-
ing channel with a diameter of 5.7 mm, the fiber optic 
system, a channel for continuous irrigation, and the rod 
lens system. The angle of view is 20°. Various instru-
ments including drills up to 5.5 mm in diameter can be 
used (Fig. 1). All of the operating instruments and opti-
cal systems were products supplied by WOLF (Richard 
Wolf GmbH, Knittlingen, Germany).

Operating Technique
The conventional MI operation was performed us-

ing the bilateral laminotomy technique. After a median 
skin incision of approximately 4 cm in length, the fascia 
was exposed, most of the musculature was bluntly pre-
pared unilaterally, and a modified Caspar Retractor was 
inserted. After applying the retractor, the subsequent 
procedure was microscope-assisted using the familiar 
standardized technique. Decompression was carried 
out depending on the pathology by cranial and caudal 
laminotomy, partial facetectomy, and flavum resection. 

After transference of the retractor to the opposite side, 
decompression was performed analogously on the con-
tralateral side.

The FI operation was performed bilaterally via a 
unilateral access using an “undercutting technique.” 
After making a paramedian skin incision approximately 
9 mm long, blunt insertion of a dilatator toward the 
interlaminar window was performed. This was fol-
lowed by insertion of the operation sheath over the 
dilatator with the beveled opening directed medially 
toward the ligamentum flavum. The procedure then 
was performed under visual control and constant ir-
rigation. Depending on the pathology, first ipsilateral 
decompression was performed by means of cranial and 
caudal laminotomy, partial facetectomy, and resection 
of the flavum. The entry to the contralateral side was 
performed dorsal to the dura. The ligamentum flavum 
is initially left intact as far as possible as protection 
for the dura and bony decompression is performed 
again using cranial and caudal laminotomy and partial 
facetectomy. Subsequently, the ligamentum flavum is 
completely resected. The decompression is concluded 

Fig. 1. Scope in the working sheath with inserted drill.
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when the dura and spinal nerves are seen to be clearly 
decompressed on both sides (Fig. 2).

The operation was performed in all groups under 
general anesthesia and radiographic control with the 
patient in a supine position. Drainage was applied 
only in the MI Group. No opening of the annulus was 
created for performance of intradiscal nucleotomy. All 
patients were given a lumbar brace for 8 weeks.

Follow-up
Follow-up examinations were conducted on day 1 

(160 patients) and at 3 months (153 patients), 6 months 
(148 patients), 12 months (144 patients), and 24 months 
(135 patients) after surgery. All patients received the 
appropriate questionnaire by mail 4 working days in 
advance. They came to the clinic in person for a follow-
up examination. The examinations were performed by 
2 doctors at the clinic who had not been involved in 
the operations. As well as general parameters, other 
information was obtained using the following instru-
ments: a VAS for back and leg pain, the German version 
of the North American Spine Society Instrument (NASS) 
(42,43), and the Oswestry Low-Back Pain Disability 
Questionnaire (ODI) (44). All patients underwent func-
tional x-rays at the end of the follow-up period.

Statistical Analysis
The Wilcoxon rank-sum test and the Mann-Whit-

ney U Test were applied for comparing the preopera-
tive and postoperative global results and for compar-
ing the results in the MI group versus the FI group at 
various times. The McNemar Test was used to compare 

the characteristics of the groups. The descriptive assess-
ments and analytical statistics were carried out with the 
SPSS program package in accordance with the group 
characteristics. A positive significance level was as-
sumed at a probability of less than 0.05.

Results

Baseline Characteristics
One hundred thirty-five (84.4 %) patients were 

included in the follow-up after 2 years (64 x MI, 71 x 
FI). The remaining cases were lost for the following rea-
sons: one death unrelated to the operation (17 months 
postoperative), 3 patients moved away and left no 
forwarding address, and 21 patients did not respond to 
letters or telephone calls. The patient population was 
equal in the MI and FI groups. Overall, there were no 
differences in results between individual surgeons.

Operative Technique
The mean operating time in the FI group was 42 

minutes (33 to 64), and thus significantly shorter (P < 
0.05) than the time in the MI group at 64 minutes (43 to 
93). The mean intraoperative and postoperative blood 
loss was 73 mL (20 – 390) in the MI group (measured by 
intraoperative suctioning and postoperative drainage); 
there was no measurable blood loss in the FI group. 
However, blood loss in the FI group cannot be precisely 
measured due to continuous irrigation. No drainage 
was required in the FI group. Measurement of the la-
vage fluid inflow and outflow showed a maximum of 
15 milliliters remaining in the patient. The operation 
in the FI group was technically feasible in all patients. 
An intraoperative switch to a conventional procedure 
was not necessary in any patient. The patients in both 
groups were mobilized directly after the operation, 
depending on the effects of anesthesia. 

Perioperative Complications and Revisions
The following complications occurred: 11 times tran-

sient postoperative dysesthesia (7 x MI, 4 x FI), 4 times 
transient urinary retention (3 x MI, 1 x FI), and 5 times 
dura injuries (3 x MI = 3.8 %, 2 x FI = 2.5 %). These dura 
injuries were sutured and covered with a dural graft 
matrix in the MI group. In the FI group the lesion was 
covered with a dural graft matrix after finishing the op-
eration and stopping the irrigation. There were 3 cases 
of increase in foot dorsiflexion paresis present before 
the operation (2 x MI, 1 x FI), one epidural hematoma 
requiring revision (1 x MI), 3 delayed wound healing (2 

Fig. 2. Postoperative CT-scan after complete full-endoscopic 
bilateral decompression.
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x MI, 1 x FI), and 2 soft-tissue infections (2 x MI). There 
were no other complications such as spondylodiscitis, 
cauda equina syndrome, or thrombosis. Apart from tran-
sient dysesthesia and transient urinary retention, the 
complication rate was 8.8 % (MI = 12.5%, FI = 5%) and 
was significantly higher in the MI group (P < 0.05).

Four patients (3%) required revision surgery due to 
persistent leg pain and/or increasing back pain (2 x MI = 
3.1%, 2 x FI = 2.8%), 3 of these additionally underwent 
fusion (2 x MI, 1 x FI). All revision operations were per-
formed during the follow-up observation period, the 
earliest after 6 months. The differences in the revision 
rate between the 2 groups were not significant.

Radiological Findings
All patients were examined at the end of the fol-

low-up period using functional x-rays (132 non-revised 
patients without fusion). Eighteen patients (13.6%) 
showed an increase in disc degeneration at the oper-
ated level which had existed preoperatively (8 x MI = 
12.9%, 10 x FI = 14.3%, not significant). Six patients 
(4.5%) presented with an increased kyphosis angle in 
the operated segment (4 x MI, 3 x FI, not significant). 
The height of the intervertebral space decreased in 15 
patients (11.4%) (7 x MI, 8 x FI, not significant). There 
were 3 cases (2.3%) (2 x MI, 1 x FI, not significant) of 
increased spondylolisthesis from grade I to grade II 
after surgery. Apart from these 3 patients, there was 
no increased instability in the functional examinations. 
There was no significant dependence between kypho-
sis, height of intervertebral space, radiological instabil-
ity, and the clinical outcome.

Clinical Outcome
Excluding the patients revised by fusion, 132 pa-

tients remained after 2 years. Figs. 3 to 6 show VAS 
pain scores, ODI scores, and NASS scores. Overall, the 
measuring instruments demonstrate constant and sig-
nificant (P < 0.001) improvement in leg pain and daily 
activities in both groups. Fig. 7 presents the complete 
depiction of the leg pain status after 2 years. Ninety-five 
patients (72%) no longer had leg pain or the pain was 
almost completely eliminated (42 x MI = 67.7%, 53 x FI 
= 75.7%), 28 (21.2%) had pain occasionally or the pain 
was greatly reduced (16 x MI = 25.8%, 12 x FI = 17.2%), 
and 9 (6.8%) experienced no essential improvement (4 
x MI = 6.5%, 5 x FI = 7.1%). Walking time improved 
from an average of less than 20 minutes to more than 
50 minutes. In general, there was slight deterioration 
in the follow-up period between the first and second 

Fig. 3. Mean values of  VAS leg and back and Oswestry in the 
MI group.

Fig. 4. Mean values of  VAS leg and back and Oswestry in 
the FI group.

Fig. 5. Mean values of  NASS pain and neurology in the MI 
group.
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years, but this was not significant. The differences in 
the clinical results between the groups were not signifi-
cant. Nine patients suffered increasing back pain (7 x 
MI, 2 x FI [P < 0.01]). 

Overall, 4 patients (3%) (2 x MI, 1 x FI) underwent 
revision with decompression (1) and with additional fu-
sion (3). Overall, 13 patients (9.6%) had a poor result 
in terms of no leg pain reduction (9 patients) or had to 
undergo conventional revision surgery later for persis-
tent pain (4 patients). One hundred nineteen (88.1%) 

patients reported subjective satisfaction and would 
undergo the operation again (56 x MI = 87.5%, 63 x FI 
= 88.7%). Neurological deficits were significantly (P < 
0.001) reduced when the patient’s history of weakness 
was less than 6 weeks. Overall, the clinical results were 
significantly better (P < 0.01) if the general anamnesis 
time was less than 1.5 years.

Postoperative pain was determined over 5 days 
using the VAS (Fig. 8). The use of postoperative pain 
medication was defined by need. Opioids WHO class 

Fig. 6. Mean values of  NASS pain and neurology in the FI 
group.

Fig. 7. Clinical results in percent in the MI and FI group.

Fig. 8. Postoperative leg and back pain in the MI and FI group.
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III were available for the first postoperative day, met-
amizole and ibuprofen or paracetamol were used start-
ing on the second postoperative day. Postoperative 
pain and pain medication were significantly reduced in 
the FI group (P < 0.01). On the second postoperative 
day, 48% of the patients in the MI group and 11% of 
the patients in the FI group requested analgesics. The 
maximum time in hospital was 8 days in the MI group 
and 3 days in the FI group.

discussion

Conventional decompression of degenerative 
lumbar stenosis with laminectomy or extensive resec-
tion has been described as the technique of choice and 
this is frequently still the case (6,7,11,14,45). Scarring 
of the epidural space can be problematic (16-19,28,46). 
It may become clinically symptomatic (17-19), make 
revisions more difficult, and may lead to “tethering” of 
the cauda equina due to the postoperative connection 
between the epidural space and paravertebral muscu-
lature (14,47-49). The resection of structures preserving 
stability may promote operation-induced segmental in-
stability (20-26). The route of access in the innervation 
area of the dorsal branch of the spinal nerves may exert 
a negative impact on the stabilization and coordina-
tion system (27-29). Resection of joint and soft-tissue 
structures in the lateral and ventral area is also required 
for decompression of degenerative stenosis and this 
occurs particularly often. This is possible with more 
tissue-sparing techniques which are being increasingly 
applied (8,12,14,15,50-53). They are also used for other 
indications.

Technical advances have been made in the opera-
tion of disc herniations in the cervical and lumbar spine 
which now permit a full-endoscopic procedure under 
continuous irrigation. This can provide the advantages 
of a truly minimally invasive procedure (33,35-39). One 
key issue was the possibility of adequate bone resec-
tion under continuous visual control (33-38). This also 
enabled the technique to be used in the operation of 
spinal canal stenosis (34).

After 2 years, the clinical results with the full-endo-
scopic technique were equal to those obtained with the 
microsurgical technique and are in accordance with data 
reported in the literature (6-8,12,14,15,45,48,50-56). 
This has been taken as the minimum baseline for new 
techniques. A significant improvement was achieved in 
the MI and FI groups after 2 years without significant 
differences. A slow deterioration in surgical results 
over time has been described (55,57-60). The number 

of patients who reported increasing back pain during 
the follow-up period was higher in the MI group. When 
resection of spinal canal structures is avoided or the ex-
tent of resection is reduced, a minimally traumatic pro-
cedure appears capable of reducing operation-induced 
consequences (19,25,45,61-66). Postoperative pain and 
pain medication were significantly reduced in the FI 
group. The results of these parameters in a literature 
comparison also favor the FI group (67-71). The rate of 
complications of 12.5% in the MI group was within the 
range found in the literature, but it was significantly 
reduced in the FI group at 5% (6-8,12,14,15,45,48,51-
53,55,72,73). The maximum duration of hospitalization 
was shortened as a result of using the full-endoscopic 
technique.

The mean operation time in the FI group of 42 min-
utes was significantly shorter than in the MI group with 
a mean time of 64 minutes. No blood loss was observed 
in the FI group and no drainage was required. The ne-
cessity of resection stabilizing structures was reduced in 
the FI group. The reduction in operating time, trauma-
tization, and operation-related sequelae in the FI group 
is also found in a comparison of the literature relating 
to discectomies (34-37,69,71,74). 

To date, it remains difficult to identify clearly 
defined parameters that are generally applicable ac-
cording to EBM criteria which require fusion in addi-
tion to decompression. At present, the tendency with 
predominant leg symptoms, without signs of segment 
instability and deformity, is to avoid fusion when sta-
bility-preserving decompression techniques are used. In 
the study performed, no significant parameter relating 
to operation-induced instability had occurred after 2 
years. Overall, there was no significant dependence be-
tween kyphosis, height of intervertebral space, radio-
logical instability, and the clinical outcome. This study 
was based on the indication monosegmental central 
stenosis with predominant leg pain and it appears to 
indicate that additional fusion can be eliminated with 
a stability-preserving surgical technique provided there 
are no clear-cut signs of instability or axis deviations 
preoperatively. 

The goal of surgical treatment of lumbar stenosis 
is sufficient decompression with minimization of oper-
ation-induced traumatization and related consecutive 
sequelae. Overall, no disadvantages were found in this 
study when using the FI technique. At the same time, 
the operative technique offers advantages and pro-
vides a minimally invasive procedure around the access 
and the spinal canal structures. In our department, the 
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microscope-assisted, bilateral laminotomy technique 
was the standard procedure for the indications cited. 
The full-endoscopic technique was therefore compared 
to that procedure. 

The full-endoscopic bilateral operation with 
unilateral approach for lumbar degenerative central 
stenosis is an adequate and safe supplementation and 
alternative. This technique has become the standard 
procedure in our department for the cited indication. 
This is a minimally invasive surgical technique for spinal 
decompression, which has long been a validated and 
established standard procedure. In our opinion, the fol-
lowing advantages are offered: ease of operation for 
the surgeon due to excellent visualization, good illu-

mination, and expanded field of vision with 25˚ scope; 
cost-effective procedure due to short operating time, 
rapid rehabilitation, and low postoperative costs of 
care; reduced anatomical trauma; and monitor image 
as training basis for assistants. The following must be 
considered disadvantages: limited option of extending 
the approach in the event of unforeseen problems and 
difficult learning curve.

conclusions

In conclusion, it is important to emphasize that the 
necessity for laminectomies, especially for additional 
fusions, may still remain outside the indications de-
scribed here. 
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