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Abstract
Purpose  Endoscopic spine surgery is a globally expanding technique advocated as less invasive for spinal stenosis treatment 
compared to the microsurgical approach. However, evidence on the efficiency of interlaminar full-endoscopic decompression 
(FED) vs. conventional microsurgical decompression (MSD) in patients with lumbar spinal stenosis is still scarce. We con-
ducted a case-matched comparison for treatment success with consideration of clinical, laboratory, and radiologic predictors.
Methods  We included 88 consecutive patients (FED: 36/88, 40.9%; MSD: 52/88, 59.1%) presenting with lumbar central 
spinal stenosis. Surgery-related (operation time, complications, length of stay (LOS), American Society of Anesthesiolo-
gists physical status (ASA) score, C-reactive protein (CRP), white blood cell count, side of approach (unilateral/bilateral), 
patient-related outcome measures (PROMs) (Oswestry disability index (ODI), numeric rating scale of pain (NRS; leg-, back 
pain), EuroQol questionnaire (eQ-5D), core outcome measures index (COMI)), and radiological (dural sack cross-sectional 
area, Schizas score (SC), left and right lateral recess heights, and facet angles, respectively) parameters were extracted at 
different time points up to 1-year follow-up. The relationship of PROMs was analyzed using Spearman’s rank correlation. 
Surgery-related outcome parameters were correlated with patient-centered and radiological outcomes utilizing a regression 
model to determine predictors for propensity score matching.
Results  Complication (most often residual sensorimotor deficits and restenosis due to hematoma) rates were higher in the 
FED (33.3%) than MSD (13.5%) group (p < 0.05), while all complications in the FED group were observed within the first 
20 FED patients. Operation time was higher in the FED, whereas LOS was higher in the MSD group. Age, SC, CRP revealed 
significant associations with PROMs. We did not observe significant differences in the endoscopic vs. microsurgical group 
in PROMs. The correlation between ODI and COMI was significantly high, and both were inversely correlated with eQ-5D, 
whereas the correlations of these PROMs with NRS findings were less pronounced.
Conclusions  Endoscopic treatment of lumbar spinal stenosis was similarly successful as the conventional microsurgical 
approach. Although FED was associated with higher complication rates in our single-center study experience, the distribu-
tion of complications indicated surgical learning curves to be the main factor of these findings. Future long-term prospective 
studies considering the surgical learning curve are warranted for reliable comparisons of these techniques.
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Introduction

Lumbar spinal stenosis (LSS) is one of the most prevalent 
clinical conditions, with a prevalence ranging from 11 to 
25% in the general population [1]. As the incidence of LSS 
is known to increase with age, it is also the most common 
reason for spinal surgery in 65-years-old patients [2]. LSS 
is characterized by spinal canal narrowing due to flavum 
ligament hypertrophy, disk herniation, facet joint hyper-
trophy, trauma, tumors, or other congenital and acquired 
bone diseases [3]. Considering the biomechanical and neu-
rological role of the lumbar area, symptomatic patients are 
highly restricted in their daily life, further perpetuating the 
medical condition and leading to a huge socioeconomic 
burden [4].

For a long time, conservative treatments, including 
physical therapy, analgesic medications, and epidural 
injections, remained the mainstay of therapy. Today as 
well, initial treatment of patients presenting with LSS typi-
cally includes several weeks of physical therapy, leading 
to reduced pain, disability, and the amount of pain medica-
tion intake [5, 6]. Surgical treatments are warranted when 
the aforementioned conservative therapies fail. Minimal-
invasive therapeutic approaches seek to decrease tissue 
damage and the risk for iatrogenic instability while aiming 
for a faster rehabilitation of patients. Open micro-decom-
pressive laminectomy is still considered the gold standard 
in patients with LSS. Although this technique allows good 
visualization of the operative field due to skin incision 
and preparation along with the paraspinal muscle while 
affording comfort for the performing surgeon, this might 
come at the cost of collateral tissue injury, in particular 
the multifidus muscle, which functions as a stabilizer of 
the spine [7, 8]. Further development in minimal-invasive 
spine surgery was made by the introduction of full-endo-
scopic decompression of spinal stenosis in the late 1990s 
[9]. Although it has been globally expanding since then, 
most surgeries utilizing this technique are still performed 
in specialized centers. High-resolution optics with a broad 
field of view, small-caliber working cannulas, spared par-
aspinal muscle, a multichannel irrigation system, and the 
possibility to introduce multiple small instruments enable 
a minimal-invasive manipulation of the surgical situs [10].

A reliable outcome evaluation will eventually require 
either a randomized controlled trial or a case-matched 
comparison when comparing two surgical techniques. 
Both types of evidence focusing on a broad range of 
clinically relevant, radiological, and laboratory outcome 
parameters are currently scarce. A systematic review and 
meta-analysis conducted by Phan et al. in 2017 included 
23 studies comparing the full-endoscopic and the micro-
surgical technique [11]. Although the results of Phan et al. 

indicate similar outcomes between both techniques, none 
of the assessed studies considered the surgical learning 
curve and a combination of clinical, radiological, and 
laboratory factors. Phan et  al. concluded that further 
validation is required. An updated systematic review on 
this topic was recently published by Perez-Roman et al. 
in 2021 [12]. Like Phan et al. they concluded that both 
techniques were similarly successful. However, the endo-
scopic patients were reported to have reduced hospital 
stay and a trend to less perioperative blood loss. Never-
theless, most of the included studies focused on specific 
outcome parameters or considered only small numbers of 
confounding variables. A broader view on this topic focus-
ing on several different datasets of patients and the learn-
ing curve could allow for more precise comparison. To 
include all patients already treated at our institution since 
the first introduction of the full-endoscopic interlaminar 
technique, we first sought to evaluate predictive factors 
affecting patient-related outcome measures (PROMs) and 
subsequently apply these findings to case-match compare 
patients from both groups. The general aim was to assess 
whether or not the full-endoscopic technique was supe-
rior to the microsurgical technique when patients were 
adjusted for relevant clinical and radiological baseline 
characteristics.

Methods

Study design

We performed a retrospective cohort study including con-
secutive patients treated with microsurgical decompression 
or full-endoscopic interlaminar decompression of lumbar 
spinal stenosis between 2018 and 2020.

The main inclusion criterion involved patients with lum-
bar spinal stenosis treated with either microsurgical or full-
endoscopic decompression in the aforementioned period. 
The iLESSYS® system (Joimax GmbH, Karlsruhe, Ger-
many) was utilized for the endoscopic group. After collect-
ing all data from patients fulfilling our inclusion criteria, we 
applied our exclusion criteria for filtering the initial dataset. 
Exclusion criteria included: (1) < 18-years-old patients, 
patients with tumors of the spine, patients having spinal 
fusion, patients having less than one year of follow-up data, 
and patients who have declined the usage of their data for 
research purposes.

Data handling

Patients were collected from the in-house patient informa-
tion system and extracted into a predefined datasheet. Data 
were pseudonymized utilizing a code generated with the 
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“encode” command in Stata statistical software release 15 
(StataCorp. 2011, College Station, TX, USA).

Four main groups of variables were included in the data 
extraction form. The surgery-related and clinical factor 
variable group included operation time (OT), length of stay 
(LOS), the American Society of Anesthesiologists (ASA) 
physical status classification. This group also contained the 
demographic data for descriptive statistics (e.g., sex, age). 
The laboratory variable group included C-reactive protein 
(CRP) and white blood cell count (WBS). The radiologi-
cal variable group included preoperative dural sack cross-
sectional area (DSCA), Schizas score (SC), left (LRH) and 
right (RRH) lateral recess heights, and left (LFA) and right 
(RFA) facet angles. Two examiners conducted radiological 
measurements using the approach shown by Schizas et al. 
[13] for SC, Iwahashi et al. [14] for DSCA, and Wu et al. 
[15] for LRH, RRH, LFA, RFA. The mean of both examiner 
values was used for statistics. The patient-related outcome 
measures (PROMs) group were targeted as the dependent 
variables for outcome evaluations and included the German 
version of the Oswestry disability index (ODI) [16], core 
outcome measures index (COMI) [17], the numeric rating 
scale of leg and back pain [18], and the eQ-5D health ques-
tionnaire [19]. Patients had follow-ups at regular time points 
to evaluate treatment success, and PROMs were assessed 
preoperatively, 3 weeks, and 1 year postoperatively. Patient 
data were screened for the following complications: residual 
sensorimotor deficits or new-onset sensorimotor deficits, 
hematomas requiring revision, persisting stenosis requiring 
revision, postoperative instability, and fracture.

Statistical analysis

Data were first evaluated with descriptive statistics. Com-
parability of baseline characteristics was assessed with 
Chi2-tests (categorical variables) and t-tests or its non-
parametric alternative (continuous variables) where appli-
cable. PROMs for the three time points (preoperatively, 
3 weeks, and 1 year postoperatively) were then compared 
utilizing a two-way ANOVA with repeated measures design 
and a multiple comparison post hoc test. Bar charts with 

mean ± standard error of the mean were created in GraphPad 
Prism Software version 8.2.1 (GraphPad Software, Inc., San 
Diego, CA). Hereafter, we checked for variables showing 
an association with the PROMs utilizing a multivariate lin-
ear mixed effect model that includes both fixed and random 
effects to account for the within-participant repeated meas-
ures outcome evaluation. Variables showing significant asso-
ciations with PROMs were then used to match patients from 
the two treatment groups utilizing propensity score matching 
analysis using at least 8 matches to estimate the coefficient 
in the logit treatment model [20]. We further compared the 
included PROMs to evaluate how they correlate with each 
other using Spearman’s rank correlation test with a Bonfer-
roni adjusted significance level, considering that the data did 
not pass the Shapiro–Wilk test for normality. Spearman’s 
rank correlation test was also utilized to examine the rela-
tionship between the number of surgeries and the operation 
time as indicators for the surgical learning curve. Finally, we 
applied a simple multilayer perceptron (MLP) neural net-
work model with three layers (input-, hidden-, and output-
layer; maximal 50 units per layer) and a hyperbolic tangent 
activation function to predict the PROMs from the input 
data (predictors). Standardized rescaling was applied to all 
variables. We used 70% of the data for training and 30% for 
testing. Subsequently, a feature importance analysis was per-
formed, and the relative error was assessed to evaluate the 
model. A p-value < 0.05 was deemed to be significant. Sta-
tistical analyses were conducted in Stata Statistical Software 
Release 15 (StataCorp. 2011, College Station, TX, USA) 
and SPSS v26 (IBM, Armonk, NY, USA).

Results

Baseline characteristics

The cohort consisted of n = 88 patients. A total of n = 36 
(male: 20, female: 16) patients underwent full-endo-
scopic decompression (FED), whereas n = 52 (male: 31, 
female: 21) patients received microsurgical decompres-
sion (MSD). The most frequent operated surgical levels 

Table 1   Comparison of baseline 
characteristics between the 
full-endoscopic decompression 
(FED) and the microsurgical 
decompression (MSD) group

Ns—not significant

Study groups

Variable All (n = 88) n FED (n = 36) n (%) MSD (n = 52) n (%) p-value

Gender
Female 37 16 (4444) 21 (40.38)
Male 51 20 (55.56) 31 (59.62) ns
Age (years) 70.89 ± 1.06 69.25 ± 1.64 72.04 ± 1.39 ns
Body mass index 

(kg/m2)
30.12 ± 16.99 27.43 ± 4.73 31.98 ± 21.66 ns
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were L4/L5 (37/88, 42.05%), followed by L3-L5 (12/88, 
13.64%) and L3/L4 (12/88, 13.64%). Table 1 summa-
rizes and compares the baseline characteristics of both 
groups. The mean age of patients from the FED group 
(69.25 ± 9.84 years) did not significantly differ from the 
MSD group (72.03 ± 10.16 years; p = 0.1994). This was 
also found for the BMI and the distribution of the gender 
between the groups.

Table 2 summarizes and compares the intraoperative, 
perioperative and postoperative characteristics of both 
groups. The distribution of Schizas Scores did not reveal 
a significant difference between the groups as assessed 
with the Chi2-test (p = 0.163). The FED group had score 
C as the most frequent Schizas score (n = 12), followed 
by D (n = 4), B (n = 4, and A4. Similarly, the MSD group 
had score C as the most frequent Schizas score (n = 14), 
followed by A2 (n = 12), A3 (n = 9), and D (n = 3). In addi-
tion, median ASA scores for the FED (median: 2; range: 
1–3) and MSD (median: 3; range: 1–4) were homogene-
ously distributed and did not show significant differences 
(p = 0.465). Also, the mean number of treated levels did 
not significantly differ between the FED (2.19 ± 0.53) 
and the MSD (2.48 ± 0.69). In contrast, we found a sig-
nificant difference in OT (FED: 78.67 ± 3.89 min versus 
MSD: 68.54 ± 5.04  min; p = 0.0138) and LOS (FED: 
7.14 ± 8.09 days versus 11.19 ± 6.12 days; p < 0.0001). 
Furthermore, the preoperative DSCA was significantly 

lower in FED (81.39 ± 4.79 mm2) than MSD (95.67 ± 4.89 
mm2) (p = 0.0243).

Complications

We observed a total of 19 complications (Fig. 1). The com-
plication rate was higher in the FED (33.3%) than in the 
MSD group (13.46%). In the FED group, complications 
were residual sensorimotor deficits (n = 9) and restenosis 
due to hematoma (n = 2). In the MSD group, complications 
were postoperative fractures requiring revision (n = 2), hip 
flexor paresis (n = 1), restenosis due to hematoma (n = 2), 
and revision due to persisting stenosis (n = 1). Assessment 
of the distribution of complications over the consecutive 
patients included since the first FED surgery revealed that 
all complications in the FED group were observed in the first 
20 patients after introducing the full-endoscopic technique in 
our hospital and were then absent. To consider the learning 
curve evaluation findings in the statistical comparisons, we 
also compared the first 20 full-endoscopic patients versus the 
last 16 full-endoscopic patients and the MSD group regard-
ing the operation time. We found that the MSD group has a 
significantly lower operation time compared to the first full-
endoscopic patients (p < 0.05). However, we found no signif-
icant differences between the MSD group and the last n  = 16 
full-endoscopic patients treated at our institution (p = 0.322). 
The first n = 16 full-endoscopic patients showed an operation 
time of 88.7 ± 24.6 min, whereas the last n = 20 endoscopic 

Table 2   Comparison of intraoperative, perioperative, and postoperative characteristics between the full-endoscopic decompression (FED) and 
the microsurgical decompression (MSD) group

Ns—not significant
*  indicates statistical significance

Variable All (n = 88) n FED (n = 36) n (%) MSD (n = 52) n (%) p-value

Number of levels 2.36 ± 0.65 2.19 ± 0.53 2.48 ± 0.69 ns
Side of approach
 Unilateral 53 22 (61.11) 31 (59.62)
 Bilateral 35 14 (38.89) 21 (40.38) ns
Length of stay (days) 9.53 ± 7.23 7.14 ± 8.09 11.19 ± 6.12 < 0.0001****
 Complications
 No 69 24 (66.67) 45 (86.54)
 Yes 19 12 (33.33) 7 (13.46) 0.026*
 Operation time (minutes) 72.68 ± 3.41 78.67 ± 3.89 68.54 ± 5.04 0.0138*
 White blood cell count (preoperative) (per nL) 8.65 ± 1.08 9.64 ± 2.59 7.96 ± 0.36 ns
 C-reactive protein (preoperative) (mg/L) 3.80 ± 0.65 2.7 ± 0.56 4.57 ± 1.03 ns
 Hemoglobin (preoperative) (g/dL) 13.9 ± 1.38 13.79 ± 1.45 14.09 ± 1.31 ns
Dural sack cross-sectional area (preoperative) (mm2) 89.83 ± 3.57 81.39 ± 4.79 95.67 ± 4.89 0.0243*
Left recess height (preoperative) (mm) 2.04 ± 0.11 2.1 ± 0.19 2.0 ± 0.14 ns
Right recess height (preoperative) (mm) 2.2 ± 0.12 2.37 ± 0.22 2.16 ± 0.13 ns
Left recess angle (preoperative) 6.18 ± 0.51 6.73 ± 0.86 5.79 ± 0.63 ns
Right recess angle (preoperative) 4.51 ± 0.46 4.58 ± 0.57 4.47 ± 0.67 ns
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patients showed an operation time of 70.65 ± 19.42 min 
(p = 0.006). We further examined whether this finding was 
due to a lower number of segments treated or the side of 
surgical approach. The number of segments treated in the 
first n =  16 full-endoscopic patients was 2.06 ± 0.25 whereas 
the number of segments treated in the last n  = 20 full-endo-
scopic patients was 3.10 ± 0.31. Moreover, the number of 
unilateral and bilateral surgical approach in the first n = 16 
full-endoscopic patients was n = 8 for each approach. For 
the last n = 20 full-endoscopic patients the number of uni-
lateral and bilateral surgical approach was n = 13 and n = 7, 
respectively. Figure 2 illustrates the development of the 
study’s learning curve. It is evident that a low number of 
case surgeries performed leads to highly complication rates 
and longer operation times for the FED group, whereas for 
the MSD group this finding was not clearly evident, as the 
surgeons had already experience with the MSD technique. 
These findings indicate that the lower operation time in the 
last = 20 patients was probably not due to a higher num-
ber of segments or a higher number of bilateral surgical 
approaches.

PROMs

All PROMs showed marked improvements for both groups 
over time (Fig. 3). In the FED group, the ODI decreased 
from 39.94 ± 11.87 preoperatively to 19.89 ± 14.67 and 
7.67 ± 7.58 after 3  weeks and 1  year postoperatively 

(p < 0.0001). Similarly, ODI decreased from 39.39 ± 14.29 
preoperatively to 23.08 ± 14.47 and 13.22 ± 17.19 after 
3 weeks and 1 year postoperatively. Comparable to the ODI 
evaluations, COMI showed a significant decrease from the 
preoperative situation (FED: 5.97 ± 1.01; MSD: 5.62 ± 1.51) 
to the 3  weeks (FED: 2.51 ± 2.82; MSD: 2.23 ± 1.87) 
and 1-year (FED: 1.39 ± 1.66; MSD: 1.84 ± 2.02) val-
ues (p < 0.0001). In addition, there was an increase in 
eQ-5D from preoperative assessments (FED: 0.79 ± 0.05; 
MSD: 0.79 ± 0.05) to the 3  weeks (FED: 0.89 ± 0.08; 
MSD: 0.89 ± 0.09) and 1 year (FED: 0.95 ± 0.08; MSD: 
0.93 ± 0.09) data (p < 0.0001). NRS for leg and back pain 
also showed marked improvements up to the 1-year data. 
However, most improvements occurred within the 3 weeks 
postoperatively, and there was no more significant improve-
ment between the 3 weeks and the 1-year data for both 
groups.

Mixed‑effects linear regression model

Additionally, we constructed a mixed-effects linear regres-
sion model for each PROM to find variables and factors sig-
nificantly associated with PROMs (Fig. 4). Results for the 
dependent variable ODI showed that age (p = 0.010) DIH 
(p < 0.0001), OT (p = 0.031), DSCA (p < 0.0001), Schizas 
score (“D” vs. “A2” p = 0.003), ASA (2 vs 1: p = 0.036, 3 
vs. 1: p = 0.024), sex (male vs. female: p = 0.005), and pre-
operative CRP (p < 0.0001) showed significant associations. 

Fig. 1   Distribution of compli-
cations in the full-endoscopic 
(FED; A), microsurgical (MSD; 
B) decompression group and 
total (C)
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Furthermore, measurements after 3-weeks (reg. coeff.: 
− 3.33, 95% CI − 3.8 to − 2.77, p < 0.0001) and 1-year (reg. 
coeff.: − 4.76, 95% CI − 4.77 to − 3.65, p < 0.0001) revealed 
significant improvement of ODI. COMI, age, and Schizas 
score revealed significant associations, whereas, for the 
eQ-5D, only preoperative CRP showed significance. NRS-
leg, age, surgical side, sex, and CRP levels showed signifi-
cant associations, whereas in NRS-back only surgical side, 
Schizas Score and preoperative CRP levels showed signifi-
cance. All PROMs showed significant improvements over 
time regardless of these associations between the assessed 
independent variables and the PROMs. We decided to use 
age, Schizas score, and preoperative CRP levels to match 
patients based on these findings.

Propensity score matching based on the independent 
variables age, Schizas score, and preoperative CRP revealed 
no significant associations between the treatment dependent 
(FED vs MSD) and the ODI (reg. coeff.: 1.65, 95% CI 
− 4.34 to 7.64, p = 0.589), COMI (reg. coeff.: − 0.33, 95% CI 
− 1.18 to 0.52, p = 0.449), eQ-5D (reg. coeff.: 0.0004, 95% 
CI − 0.33 to 0.034, p = 0.0983), NRS-Leg (reg. coeff.: 0.32, 
95% CI − 0.76 to 1.40, p = 0.560), and NRS- Leg (reg. coeff.: 
− 0.901, 95% CI − 2.05 to 0.245, p = 0.123). Overall, results 
indicate no difference between both techniques in improving 

the PROMs. The correlation between ODI and COMI was 
significantly high, and both were inversely correlated with 
eQ-5D, whereas the correlations of these PROMs with NRS 
findings were less pronounced. Spearman’s rho revealed a 
significant inverse relationship between the number of full-
endoscopic surgeries and the operation time (rho = − 0.4219; 
p = 0.0104), whereas there was no significant correlation for 
the microsurgical group.

Multilayer perceptron (MLP) neural network model 
to predict PROMs

The feature importance analysis results of the multilayer per-
ceptron neural network model were similar to the findings of 
the linear mixed-effects model, revealing that time, preopera-
tive CRP, length of stay, age, and the preoperative dural sack 
cross-sectional area are at least partly effective in predicting 
PROMs in our cohort (Fig. 5). Whereas the NRS for back, leg, 
eQ-5D were not adequately predicted with relative errors of 
more than 40%, the analysis for COMI reached a relative error 
of 29.1%. Adjustment of the model, e.g., dropping variables 
and changing the train-test-split fraction, did not improve the 
model further.

Fig. 2   Illustration of the study's learning curve. Subfigure A shows 
the mean number of consecutive cases in each group stratified by 
whether a complication was observed or not and the surgical tech-
nique (FED versus MSD). As can be seen from the figure, complica-
tions were present in the FED group when a small number of cases 
were performed, whereas for the MSD group, this phenomenon was 

not present, as the surgeons already had experience with the MSD 
technique. Subfigure B illustrates the nearly linear decrease in opera-
tion time (OT) in the FED group until the 20th consecutive case 
surgery performed. In the case of MSD, this phenomenon was not 
clearly evident
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Discussion

Our study aimed first to investigate a range of variables rel-
evant for a reliable comparison of the full-endoscopic versus 
microsurgical decompression in our institution; secondly, we 
sought to assess predictive factors associated with PROMs 
and third use these findings to compare the techniques’ abil-
ity to improve PROMs reliably. Our approach allowed us to 
overcome the lack of a randomized controlled trial design 
by using adequate case-matching of patients assessed ret-
rospectively. Endoscopic treatment of lumbar spinal ste-
nosis was similarly successful as the conventional micro-
surgical approach, although it was associated with higher 

complication rates in our single-center study experience. 
The distribution of complications indicated surgical learn-
ing curves to be the main factor of these findings.

FED and MSD provide equivalent 
PROM‑improvement, but FED comprises higher 
complication rates

The results show that both techniques are comparable in 
improving PROMs without one showing signs of superi-
ority with regards to PROMs as the outcome of interest. 
However, we observed more complications in the FED 
group. Notably, these complications occurred within the 

Fig. 3   Bar charts show the ODI 
(A), COMI (B), NRS-leg (C), 
NRS-back (D), and eQ-5D (E) 
difference between time points 
for the full-endoscopic (FED) 
and the microsurgical (MSD) 
group. Pre-OP: preoperatively; 
Post-OP (3 weeks): 3 weeks 
postoperatively; Post-OP 
(1 year): 1 year postoperatively. 
Bar charts show the mean ± sd. 
*p < 0.05, **p < 0.01, 
***p < 0.001, ****p < 0.0001; 
FED: full-endoscopic group 
MSD: microsurgical decom-
pression group
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first n = 20 patients treated with the full-endoscopic tech-
nique in our hospital, and thus this high rate was most 
likely based on the surgeon's learning curve. Further, our 
analysis revealed a significant inverse relationship between 
the number of full-endoscopic surgeries and the opera-
tion time (rho = − 0.4219; p = 0.0104), whereas there was 
no significant correlation for the microsurgical group. 
Further, we did not observe significant differences in 
operation time between the last 16 FED-surgeries and the 
MSD group. These findings indicate that the number of 
surgeries performed significantly lowered the complica-
tion rates and reduced the operation time. Our results are 
consistent with the learning curve assessment of Zelenkov 
et al. who reported that the plateau of the learning curve 
of full-endoscopic interlaminar and transforaminal surgery 
would be achieved within the first 20 patients [21]. As 
our surgeon had extensive practice in the microsurgical 
technique, we cannot currently define whether the full-
endoscopic procedure can be generally classified as having 
a “steep learning curve” or a “shallow learning curve” 
according to the definition provided by Benzel et al. [22]. 

In the most extensive analysis of the learning curve in 
endoscopic decompression of lumbar spinal stenosis, Lee 
et al. showed that the complication rates were higher and 
operation times were longer in the first cohort of patients 
treated with FED [23]. After the 100th case, the plateau 
of the operation time was reached, translating to a rather 
steep learning curve [23]. In addition, the complication 
rates in the first cohort of patients were twice as high 
compared to the more experienced phase of the learning 
curve [23]. This might also explain the higher operation 
time in FED compared to MSD in our cohort. The first 20 
FED patients were included in the statistics and gener-
ally showed higher OT than those treated hereafter. Other 
authors generally reported lower complication rates for 
FED compared to MSD [24–26]. However, no informa-
tion was provided regarding the learning curves of the 
surgeons. To summarize, literature evidence and our find-
ings indicate that complication rates might be higher for 
the FED group in the first cohort of patients, but are likely 
to become lower versus MSD after the plateau of the learn-
ing curve has been reached for FED.

Fig. 4   Illustration of the regression analysis via forest Plots (A–E) 
and correlation analysis via a heatmap (F). The forest plots show the 
regression coefficients and the 95% CI of the mixed-effects linear 
regression models for the dependent variables ODI (A), COMI (B), 
eQ-5D (C), NRS-Leg (D), and NRS-back(E). Nominal variables are 
compared by comparing the shown factors against a dummy variable. 
The heatmap (F) shows the Spearman rank correlation coefficients for 
the comparison of the PROMs. All shown comparisons in the heat-
map were significant (p < 0.0001). DSCA—dural sack cross-sectional 
area; LRH—left recess height; RRH—right recess height; LRA—left 

recess angle; RRA—right recess angle; HB—preoperative hemo-
globin; WBC—preoperative white blood cell count; LOS—Length 
of Stay; OT—operation time; CRP—preoperative c-reactive protein; 
ASA—physical status score (dummy factor was ASA score 1); A3/
A4/B/C/D: Schizas Score against the dummy factor A2; time = 2/
time = 3: timepoints 3  weeks and 1-year postoperatively against the 
dummy factor “preoperatively”; Complications = 1 (binary): compli-
cation occurred against not occurred (0). Male: coefficients are shown 
against the dummy factor “female”
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Further considerations and perspectives

In contrast to Marković et al. we did not find that the full-
endoscopic technique has better outcomes in pain and dis-
ability scales [27]. Nevertheless, their data were obtained 
over a 3-years period, and we cannot rule out the possibility 
that PROMs will become different after 1-year examinations. 
Thus, a long-term evaluation is warranted using either a 
case-matched design or a randomized controlled trial. Con-
sequently, we are currently conducting a comprehensive 
cohort trial utilizing a broad range of relevant outcomes to 
overcome this lack of evidence [German clinical trials reg-
ister (DRKS): DRKS-ID: DRKS00025786]. In addition, we 
did not focus on other relevant factors which might influence 
the implementation of the technique in hospitals, such as 
cost analysis comparisons. In a previous report, cost analysis 
comparisons between MSD and FED revealed that both pro-
cedures had similar costs in hospitalization, radiology, and 
follow-up visits. Although costs for FED were 5.7% higher 
for the unit to run the operations, MSD was 28.1% more 
expensive than FED when comparing complication rates, 
which were 3.8% for FED and 7.5% for MSD [24].

The full-endoscopic technique to treat lumbar spinal 
stenosis is in advance. Scarring of the epidural space, 
the route of access potentially leading to instability of 
the coordination system, and the generally larger amount 
of soft-tissue resection might justify the shift toward a 

more tissue-sparing technique [25]. Constant technical 
advantages regarding the visualization of the operation 
situs utilizing modern optics might allow better progress 
for the FED than the MSD, probably affecting future out-
come evaluations. Furthermore, the broad application of 
cadaver courses might improve and enhance the compli-
cated learning curve [28]. Especially the fact that sur-
geons in Asia report higher self-reported skill levels and 
that endoscopic spine surgery training in Asia is reported 
to be better implemented in the daily practice of spine 
surgeons might be the reason for the tendency of better 
outcomes results for the FED compared to MSD in Asian 
publications [28]. Interestingly, reports from non-Asian 
countries generally include more comparable results for 
the FED verses MSD [25, 29–41], compared to Asian 
country publications [42, 43], which seem to favor FED. 
However, a future meta-analysis using the publication 
region as the confounding variable in the meta-regres-
sion and subgroup analysis model is warranted to provide 
an in-depth analysis of this phenomenon. In accordance 
with Chen et al. we did not find a general tendency of 
the assessed variables to affect all PROMs similarly [44]. 
However, they determined alcohol use to be associated 
with higher re-operation rates. Unfortunately, we could 
not include this variable as there was no sufficient data 
available. In contrast, we additionally assessed labora-
tory markers and radiological markers compared to Chen 

Fig. 5   Feature importance analysis utilizing the multilayer percep-
tron neural network model. DSCA—dural sack cross-sectional area; 
LRH—left recess height; RRH—right recess height; LRA—left 

recess angle; RRA—right recess angle; HB—preoperative hemo-
globin; WBC—preoperative white blood cell count; CRP: preopera-
tive c-reactive protein; ASA: physical status score
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et al. We found that preoperative CRP levels and a high 
Schizas score were associated with worse PROMs, par-
ticularly for the ODI. Notably, the fact that preoperative 
CRP levels influenced the PROMs might be of relevance 
and requires future exploration in prospective studies. 
The neural network model applied by us did confirm the 
relevance of several predictors for PROMs. However, the 
relative errors were not satisfying, probably due to the 
limited sample size. Furthermore, there might be an infor-
mation loss when radiological images are measured, and 
the data are fed into a machine learning model compared 
to an approach where the radiological images are directly 
combined with the clinical data (multi-input, mixed-data 
model). We are currently collecting prospective data to 
feed and train a multi-input, mixed-data neural network 
model and predict spine surgery patients' PROMs based 
on a combination of radiological, clinical, and labora-
tory predictors. This will allow evaluating whether the 
patient could benefit from surgery and which surgical 
approach could be better suited for each patient based on 
the patient’s individual data.

The present study showed that the early learning curve 
for the FED technique is associated with complications 
and action must be taken to improve the outcomes in the 
implementation phase. In order to decrease the surgical 
learning curve, it could be necessary for surgeons to per-
form more supervised surgeries before they are able to 
perform a particular surgery on their own. As part of the 
requirement, there may be several "hands-off" observa-
tions, followed by assistance and then supervision. It is 
also possible to incorporate simulations, cadavers, and ani-
mal surgeries into the course. There are many factors that 
have to be considered in defining the parameters of each 
phase of the learning curve. As shown, the appropriate 
number of surgeries before a surgeon can apply the tech-
nique with confidence will depend on the type of surgery 
and how many experience the surgeon has gained with 
other similar techniques. Rather than assuming that things 
will go according to plan, comprehensive training should 
include simulations of responses to known contingencies. 
A regimen such as that would be far more extensive than 
the brief training periods currently common. The surgeon 
must accept that a high level of supervised training will 
be required. There are logistical, cost, and personal con-
siderations. Furthermore, hospitals will have to take a 
greater role in determining what type of surgery individual 
surgeons are permitted to perform and what training and 
experience are required. A hospital's credentialing pro-
cess must take this into account before implementing new 
techniques. According to the present findings, fast imple-
mentations could negatively impact patient outcomes and 
result in higher costs in the long run than rigorous training 
at the early phase of the learning curve.

Strengths and limitations

Our study is associated with certain strengths and lim-
itations. One of the main strengths is the extraction of 
several confounding variables which potentially affect 
PROMs. Considering these variables in our regression 
model allowed a more precise estimation of regression 
coefficients than existent in studies to date on this topic. 
Furthermore, we applied a propensity score matching 
based on this finding, one of the state-of-the-art tech-
niques to maintain comparability between groups in non-
randomized study designs [20]. Another advantage is the 
consideration of the surgeon's learning curve in our results 
and interpretations as we included all FED patients since 
inception. Therefore, the results are especially interesting 
for clinicians who want to apply this technique in their 
institutions and are interested in relevant outcomes in the 
“implementation phase.” Study limitations include the 
retrospective design, which has several disadvantages, 
such as the necessity to apply multiple statistical models 
to allow comparability, which themselves can introduce 
some susceptibility to error. Furthermore, this study type 
is prone to selection bias and misclassification bias, as 
we had to use the data as provided in our patient infor-
mation system without further validation, and additional 
consultations to extract missing data in some variables are 
often not possible. Alterations in CRP levels are known to 
be associated with surgical trauma, and peaks are usually 
observed after 48 h postoperatively [45, 46]. Nevertheless, 
the CRP alterations as a response to the iatrogenic trau-
matic injury are highly variable and dependent on numer-
ous patient characteristics [45] and may even be absent 
in some patients [47]. Due to the retrospective design, 
we cannot validate whether other patient characteristics 
might have affected the CRP findings as no randomization 
was performed. Thus, comparisons of CRP levels between 
studies might be limited and outcome interpretations and 
comparisons of the techniques should rely more on the 
PROMs than on surrogate markers such as CRP. Never-
theless, they can help to identify adverse outcomes, and 
CRP levels can be used as one quantifying parameter for 
the degree of surgical trauma [48], although there are also 
controversial statements in this regard [49].

Furthermore, we could not include other variables 
which could be relevant such as interleukin-6 as a surro-
gate marker for tissue damage, as these are not regularly 
measured and thus not available in the patient information 
system. Therefore, a large-scale prospective cohort focus-
ing on a broad range of relevant outcomes is warranted to 
improve the current knowledge.
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Conclusions

Endoscopic treatment of lumbar spinal stenosis was simi-
larly successful as the conventional microsurgical approach, 
although it was associated with higher complication rates in 
our single-center study experience. The distribution of com-
plications indicated different phases on the learning curve 
to be the main factor of these findings. Operation time was 
higher in the FED group, whereas LOS was higher in the 
MSD group. Future long-term prospective studies consider-
ing the learning curve are warranted for reliable comparisons 
of these techniques.
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