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Figure 2. Preoperative radiographs of a 62 year-old female suffering from progressive back pain and neurological in-
termittent claudication for 10 years (VAS-back: 5, VAS-leg: 6, JOA: 15, ODI: 60%), demonstrating lumbar spinal canal
stenosis and segmental instability at L4-5 level (A-F). Microendoscopy-assisted MIS-TLIF achieved adequate canal
decompression via the left approach, and patient’s symptoms relieved significantly following surgery (VAS-back: O,
VAS-leg: 1, JOA: 25, ODI: 10%). Postoperative radiographs and CT scan revealed satisfactory interbody fusion (G-I).

from intraspinal haematoma because of incom-
plete haemostasis, revealing worsening neuro-
logical deficit and demanding emergency sur-
gery. Case 35 was found dural tear with no
postoperative symptom. Neurological symptom
of Case 41 was not relieved postoperatively,
even after enhanced medications, so another
canal decompression surgery using percutane-
ous endoscopy was performed. Unilateral
decreased muscle strength of Case 49 was
observed after surgery, while following conser-
vative medications, muscle strength got recov-
ery. Totally, 9 minor complications (early: 2, lat-
ter: 7) were observed in this series. There were
2 cases of mild delirium state, 2 cases of tran-
sient angina pectoris attack and 2 cases of uri-
nary infection. Three remaining patients fitted
each of following categories: superficial wound
infection, pneumonia and transient digestive
tract ulcer. All of them received successful
medications.

Discussion

In this study, all operations were performed
under fixed-diameter microendoscopy, leading
to further decreased iatrogenic injury com-
pared with expandable dilator because of only
20-mm diameter working cannula and blunt
dilatation of incision [11]. However, delicate
surgical manipulations in constrained tubular
working channel may be difficult to learn and
master, thus hindering surgeons from adopting
it, so it is of great clinical importance to eluci-
date the learning curve of microendoscopy-
assisted MIS-TLIF. This study first confirmed
that the first 21 cases represent its early phase,
less than other associated researches [1, 3, 6].
It may be explained by the massive experiences
acquisition on microendoscopic discectomy,
microendoscopic canal or nerve root decom-
pression, as well as percutaneous hardware
implantation, previously. We attempted first
MIS, namely microendoscopic discectomy in
2003, and more than 650 cases had been per-
formed in subsequent several years. We also
initiated percutaneous screw-rod construct in
2009. Thus, performing microendoscopy-ass-
isted MIS-TLIF is believed not so difficult after
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mastering aforementioned surgical skKills.
Meanwhile, familiarizing operating steps by the
first assistant, scrub nurse also accelerates
surgical efficiency [1, 6]. However, it should be
noted that the amount of operated cases per
month may also impose influence on final
result, for more surgical practices would lead to
more rapid mastery of surgical technique for
surgeons. There were only 1.2 operated cases
per month in this series, less than other associ-
ated studies [3, 6, 7, 12]. If more cases were
able to be operated within each month, less
than 21 cases representing the learning curve’s
early phase would be observed. Following ex-
perience acquisition of surgeons, they are able
to determine the desired fluoroscopy images
more efficiently, so that fluroscopic time is
shortened, benefiting both surgeons and
patients. With the reductions of surgical dura-
tion and iatrogenic injury, intraoperative blood
loss is also able to be decreased. The above
improvements contribute to less analgesic
usage and earlier ambulation postoperatively
as well.

As surgical duration is the most representative
parameter used to assess learning curve due
to its conformance to the surgeon’s experience
with the technique, this study firstly profiled the
graph based on surgical duration plotted
against case number to evaluate the learning
process [13]. However, shortened surgical
duration is not considered to always correlate
with successful clinical outcomes for patients,
SO0 one surgeon’s true mastery of surgical tech-
nique is not only dependent on one indicator,
but also other multiple aspects, including com-
plication, readmission, patient satisfaction and
long-term outcome [12]. Besides surgical dura-
tion, this study also compared functional scores
and patients’ self-evaluation of surgical out-
comes 20 months after surgery, as well as com-
plications between early and plateau phase.
Agreeing with the results reported by previous
studies [1, 6], all these parameters did not
reveal significant difference, demonstrating
clinical outcome and complication rate of
microendoscopy-assisted MIS-TLIF were not
involved with surgeon’s technical competency,
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thus its therapeutic efficacy and safety can be
confirmed preliminarily. However, another
research found that perioperative complica-
tions of MIS-TLIF occurred more often in the
early period of surgeon’s experience with this
procedure [14]. For different individual sur-
geons, varying levels of surgical experiences
acquisition through previous career practices,
as well as heterogeneity of disease spectrum
may explain this difference. In both phases of
the learning curve depicted by this study, most
complications were not involved with surgical
technique and would be avoided if promptly
observed and properly managed. The remain-
ing ones were mainly contributed to technical
imcompetence, especially during the process
of neural decompression, so well preoperative
preparation and meticulous intraoperative
manipulation, including scrutinization of deco-
mpression segment and extent, as well as care-
ful protection of dural sac and nerve root may
be the best prophylaxis [15]. Once postopera-
tive complications happen, conservative treat-
ments, covering medication, physiotherapy and
rehabilitation should be initiated as soon as
possible for both major and minor ones, while
revision surgery is necessitated if worsening
outcomes following those treatments are
observed.

As with most other ones, this study demon-
strated that better intraoperative indicators,
involving surgical duration, blood loss are har-
vested along with gradual increase of operated
cases [3, 6, 7]. However, some researches find
that the learning curve associated with mini-
mally invasive lumbar fusion technique is steep
[12, 16]. This difference may be also attributed
to varying levels of surgeons’ clinical experi-
ences and comfort with the surgical procedure.
With experience gathering during early phase,
accuracy of pedicle screw placement, adequa-
cy of canal decompression and whole workflow
ergonomics can be improved in latter phase. At
the end of learning curve’s plateau phase in
this series, surgical duration increased mildly,
reflecting inclusion of more advanced cases.
For there are two rate-limiting procedures asso-
ciated with this surgical technique-thorough
neural decompression and well end plate prep-
aration [7], although more familiarity of ana-
tomical structures under microendoscopy and
enhanced manipulation experiences, including
appropriate placement of working canal, main-
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tenance of clear surgical field were obtained
through initial cases, there still existed great
challenges when operating on these difficult
cases, thus surgical duration revealed no
steady reduction.

In order to reduce potential deviations on final
results, only single-level cases were included in
this study, also one kind of microendoscopy
and inner fixation system were solely used.
Besides, surgeons participating in operations
were not involved in analyzing clinical and
radiologic outcomes, instead these parameters
were evaluated by independent assessor and
scrutator. However, drawbacks of this report
should be acknowledged. First, only one sur-
geon of single medical institution was included,
therefore, its clinical significance may not apply
to all surgeons utilizing this surgical technique.
Second, the surgeon also performed other
kinds of minimally invasive spinal surgeries dur-
ing this study span, such as microendoscopic
discectomy, percutaneous endoscopic lumbar
discectomy (approximately 12 operations per
month). These techniques perhaps accelerated
his surgical efficiency of microendoscopy-
assisted MIS-TLIF [6]. Third, this study was
associated with various disease spectrum,
small sample size and short postoperative fol-
low-up, thus bias may emerge. Measures taken
to reduce these limitations consist of inclusion
of single disease entity performed by more sur-
geons from multiple institutions, as well as
application of larger sample size and longer
postoperative follow-up.

Conclusion

Our study concluded that one senior surgeon’s
technical competency of microendoscopy-
assisted MIS-TLIF was achieved following first
21 cases. Patients at both early and plateau
phases of the learning curve acquired compa-
rable clinical outcomes, while latter patients
could additionally benefit from shortened surgi-
cal duration, decreased intraoperative fluros-
copic time and blood loss, reduced postopera-
tive analgesic usage and earlier ambulation
after surgery.
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