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Objectives: The operative microscope (OM) has revolutionized the field of modern spine surgery, however, it remains
limited by several drawbacks. Recently, the exoscope (EX) system has been designed to assistant spine surgery. It
provides a three-dimensional (3D) high-definition (HD) operative experience and becomes an alternative to the
OM. The aim of the study was to evaluate the clinical outcomes, advantages and limitations of EX-assisted minimally
invasive transforaminal lumbar interbody fusion (EMIS-TLIF) and OM-assisted MIS-TLIF (OMIS-TLIF).

Methods: The clinical outcomes were assessed in 47 patients with lumbar degenerative diseases (LDD) who under-
went MIS-TLIF assisted with the OM or EX between January 2019 and September 2020. A total of 22 were treated
with EMIS-TLIF, and 25 received OMIS-TLIF. Perioperative parameters (including sex, age, number of fusion levels and
body mass index), perioperative parameters (operation time, intraoperative blood loss, postoperative drainage, postop-
erative hospitalization stay, and duration of follow-up), visual analogue scale (VAS) of back pain, VAS of leg pain,
Oswestry disability index (ODI) scores and clinical outcomes were assessed and compared. Image quality, handling of
equipment, ergonomics, 3D glasses and educational usefulness were scored according to a questionnaire.

Results: Operation time in the OMIS-TLIF group (121.92 � 16.92 min) was significantly increased compared with that
in the EMIS-TLIF group (111.00 � 19.87 min) (P < 0.05). The VAS of the back pain and ODI scores in the EMIS-TLIF
group were significantly lower compared with the OMIS-TLIF group at 1 week postoperatively (P < 0.05). The good-
excellent outcomes rate was 90.91% in the EMIS-TLIF group and 88.00% in the OMIS-TLIF group, and there was no
significant difference. A total of 44 visits completed the questionnaire. The results of the questionnaire showed that
the EX has exhibited advantages regarding handing of equipment, ergonomics and educational usefulness, and com-
parable image quality as compared with the OM, however, operating surgeons complained uncomfortable sensation
when wearing 3D glasses.

Conclusions: The EMIS-TLIF was a safe and effective procedure in the management of LDD as compared with the
OMIS-LIF. Meanwhile, EMIS-TLIF might resulted in a short operation time.
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Introduction

Lumbar degenerative diseases (LDD), such as lumbar disc
herniation, lumbar spinal stenosis, and degenerative

lumbar spondylolisthesis, are common musculoskeletal
disorders that lead to low back pain in the elderly. Patients
with LDD are usually associated with low back pain,
radiculopathy, and claudication associated with decreased
mobility.1,2 Studies have demonstrated that surgical manage-
ment is advised when conservative therapy failed within
6 weeks.3,4 With the development of minimally invasive
spine surgery (MISS), it can achieve equivalent clinical out-
comes as compared with conventional open surgery with
reduced operation-related comorbidities. Therefore, MISS
was advocated as an optimal treatment for LDD. However,
this mini-invasive procedure is performed in a deep and nar-
row corridor with limited surgical field and illumination,
which require achievement of high-skilled surgical tech-
niques after a long learning curve. Therefore, various devices
have been applied to facilitate MISS operation.

As we know, operative microscopy (OM) has been
widely applied in orthopedic surgery for its advantages
such as illumination, stereo viewing and magnification.5–8

Spine operation assisted with OM has become the gold
standard in treating LDD. Minimally invasive trans-
foraminal lumbar interbody fusion (MIS-TLIF) assisted
with an operative microscope (OM) has been widely used
for the management of LDD recently.8–11 However, several
limitations of OM have also been mentioned, such as time-
consuming refocusing requirements, poor ergonomics, dif-
ficult maneuverability and the limited working distance,
which may result in fatigue and discomfort, thus limiting
the surgeon’s performance. It negatively affects the safety
and efficiency of the procedure. Therefore, more advanced
devices should be developed to facilitate surgical manipula-
tion of MIS-TLIF.

Recently, the three-dimensional (3D) high-definition
(HD) exoscope (EX), a novel visualization tool, has been
applied in neurosurgery.12–17 The EX not only provides bet-
ter ergonomic advantages, longer working distance, and
shorter refocusing time, but also has comparable illumina-
tion, stereovision, image quality, and higher magnification
when compared with the OM.12–17 With the extension appli-
cation of this device, EX has been applied in the spine sur-
gery. Several studies have demonstrated that the EX is
compatible with many spinal surgical procedures including
MIS-TLIF.13,17–19 Therefore, EX-assisted MIS-TLIF (EMIS-
TLIF) might become a promising alteration.

The application of the EX in the MIS-TLIF has been
reported in several studies.5–8,18,19 However, the compari-
son between EMIS-TLIF and OM-assisted MIS-TLIF
(OMIS-TLIF) has never been reported to our knowledge.
This retrospective study aims to compare the perioperative
data and the clinical outcomes between two procedures in
the management of LDD, meanwhile, to discuss the advan-
tages and limitations between the EX and OM in the spine
surgery.

Methods

Patient Population
A retrospective study was conducted to evaluate patients
with LDD who underwent MIS-TLIF between January 2019
and September 2020. A total of 47 patients were enrolled in
this study. A total of 22 of them were treated with EMIS-
TLIF, and 25 of them received OMIS-TLIF. The inclusion
criteria were as follows: (i) aged >18 years; (ii) patients were
diagnosed with lumbar disc herniation, degenerative lumbar
spinal stenosis, and degenerative lumbar spondylolisthesis
(Meyerding Grade I and II);20 (iii) patients who had received
conservative therapy for at least 6 weeks while their symp-
toms did not show improvement; (iv) one-level (L4/5 or
L5/S1 segment) MIS-TLIF assisted with the EX or OM; and
(v) with at least 1 year of follow-up. The following exclusion
standards were applied: (i) patients have had prior surgery at
the same segment; (ii) degenerative lumbar spondylolisthesis
(Meyerding Grade > II);20 (iii) combined with active infec-
tion or spinal deformity; and (iv) patients who cannot toler-
ate spine surgery. This study was consistent with the
Helsinki Declaration and ethical approval was obtained by
the Ethics Committee of General Hospital of Central Theater
Command ([2020]059-1).

Generation Features
This novel EX (Kestrel View II, Mitaka Kohli, Japan) is
equipped with the following features: dual camera 3D HD
1080p with magnification ranging from 1.9 to 39.3�; the
lens can be rotated freely in the range of front-back 210�,
left–right 330� and horizontal 540�; laser-guided focus,
electric autofocus system, LED cold-lighting source and
working distance of 300–1000 mm; 32 inch 3D medical-
grade display with viewing angle of 178�; fully balanced
vibration absorbing system from astronomical telescope; foot
switch and hand grip controls with focus and zoom (Fig. 1).

Surgical Procedure
EMIS-TLIF: After general anesthesia, the patient was placed
in a prone position on a radiolucent operating table. First, a
3 cm posterior incision was made at the symptomatic side
lateral to the midline (2.5–3 cm). Sequential dilators were
inserted through the incision to establish a working channel.
The tubular retractor was then introduced over the dilators
and attached with a flexible arm. The 3D EX was then posi-
tioned over the sterile surgical field. The camera orientation
was then adjusted to avoid any visual interference. Surgeons
wore special 3D glasses and stood slightly staggered to each
other to avoid viewing obstruction (Fig. 2). Following the
paraspinal dissection at the index segment, the 3D EX was
applied to perform posterior decompression, discectomy,
and cage insertion. The inferior facet of upper lamina and
partial superior facet were cut and removed with ultrasound
bone scalpel and Kerrison rongeurs. The posterior-lateral
portion of nerve roots and the dura were exposed. Then dis-
cectomy, interbody implantation preparation, bone grafting,
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and cage placement were performed sequentially. Following
the cage implantation, four pedicle screws were implanted
percutaneously under C-arm fluoroscopic guidance. Two
rods were applied to connect pedicle screws on both sides
using the rod placement system. C-arm fluoroscopy was used
to confirm the position of the cage and pedicle screws.
Finally, a drainage tube was placed underneath the fascia,
and then the wound was irrigated and sutured (Fig. 3). All
participants or any identifiable individuals consented to pub-
lication of his/her image.

OMIS-TLIF
The incision, approach, and surgical steps of the
OMIS-TLIF were the same as the EMIS-TLIF. The

surgery process was performed according to a standard
technique previously described by Park20 and Foley et al.10

Both EMIS-TLIF and OMIS-TLIF were performed by
the same chef surgeon, who achieves sufficient expe-
rience in endoscopic and microscopic spine surgery
previously.

Data Collection
Preoperative demographic variables (sex, age, number of
fusion levels and body mass index [BMI]) and perioperative
demographic variables (operation time, intraoperative blood
loss, postoperative drainage, postoperative hospitalization
stay, and duration of follow-up) were collected. Visual ana-
logue scale (VAS) of back pain, VAS of leg pain and ODI

Fig. 1 (A) Kestrel View II exoscope applies fully balanced vibration absorbing system from astronomical telescope; (B) a foot switch helps for fine-

turning of focal length and changing where the EX is pointed on two axes; (C) the hand grip is truly ergonomic design, providing comfort for operators,

which can rotate freely and adapt to the different operation habits of surgeons

Fig. 2 (A, B) intraoperative setup, meanwhile surgeons being independent of the exoscope. A, anesthetist; EX, exoscope; M1, the first monitor; M2,

the second monitor; S1, the chief surgeon; S2, the assistant surgeon
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scores were obtained at 1 week, 3 month and 12 month post-
operatively. At 12 month postoperatively, clinical outcomes
were evaluated by Odom criteria.21 The outcome was con-
sidered satisfactory if the subjective assessment was rated as
good or excellent. We assessed perioperative complications,
including cerebrospinal fluid fistula, never toot injury, lower
extremity numbness, wound infection, screw loosening and
reoperation. Measurements were made by two observers
who were blinded to the clinical information of the
patients.

After each EMIS-TLIF surgery, the participating
surgeon and assistant answered the standardized
questionnaire, regarding image quality, handling of
equipment, subjective ergonomics, 3D glasses and educa-
tional usefulness questionnaire (Table 1). A five-point
scale was used, ranging from 1 = the OM was consid-
ered to be superior, to 5 = the EX was superior
(Table 1). All measurement data are expressed as
mean � standard deviation (SD), and the enumeration
data are presented by the number of cases and percent-
age (%).

Statistical Analyses
Statistical analyses were performed by using SPSS statistical
package 25.0 (SPSS, Chicago, IL, USA). Differences in sex and
the number of fusion levels were determined using a chi-squared
test. Significant differences between complication occurrence
rates were found by Fisher’s exact probability method. Signifi-
cant differences between the two groups in age, BMI, operation
time, intraoperative blood loss, postoperative drainage, postop-
erative hospitalization stay, duration of follow-up, and ODI
and VAS scores at the same time point were analyzed using
independent sample t-test. For the Odom criteria outcome,
Mann–Whitney U tests were used. Paired t-test was conducted to
compare the differences between VAS and ODI scores at different
follow-up time point and the baseline scores. Differences were
considered to be statistically significant when P values <0.05.

Results

General Results
A total of 47 participants (EMIS-TLIF group, 22 cases;
OMIS-TLIF group, 25 cases) were assessed in the present

Fig. 3 (A) the working channel was established; (B, C) facetectomy was performed with ultrasound bone scalpel and Kerrison rongeurs; (D) bipolar

coagulation was used to achieve hemostasis; (E) a micro-hook was applied to verify the decompression of neural structures; (F) cartilage endplate

was excised; (G) bone grafting was performed after discectomy; (H) the interbody cage was placed into the intervertebral space
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study. The preoperative demographic variables (sex, age, seg-
ment, BMI, and duration of follow-up) were collected and
compared, but there were no statistically significant differ-
ences between the two groups regarding these demographic
variables (P > 0.05) (Table 2).

The operation time in the OMIS-TLIF group
(121.92 � 16.92 min) was significantly increased compared with
that in the EMIS-TLIF group (111.00 � 19.87 min) (P < 0.05).
However, no significant differences regarding intraoperative
blood loss (57.23 � 20.25 ml vs. 63.28 � 20.34 ml), the
postoperative drainage (52.86 � 12.26 ml vs. 51.92 � 13.48 ml)
and postoperative hospitalization stay (11.14 � 1.81 ml
vs. 11.72 � 2.54 ml) were found between the EMIS-TLIF group
and the OMIS-TLIF group (P > 0.05) (Table 3).

Clinical Outcomes
The VAS of back pain, VAS of leg pain, and ODI scores in
both groups were significantly decreased at 1 week postoper-
atively compared with pre-operation (P < 0.001). The VAS
of back pain scores and ODI scores were significantly
reduced in the EMIS-TLIF group compared with those in
the OMIS-TLIF group at 1 week postoperatively (P < 0.05).
However, no significant differences of VAS and ODI scores
were found between the two groups at the other follow-up
time points (P > 0.05) (Table 4, Fig. 4).

According to the Odom criteria, at 12 month postop-
erative assessment, 14 patients had excellent clinical out-
comes, and six patients had good clinical outcomes, and
two patients had fair clinical outcomes in the EMIS-TLIF
group. While, in the OMIS-TLIF group, 15 patients had
excellent clinical outcomes, and seven patients had good
clinical outcomes, and two patients had fair clinical out-
comes, and one patient had poor clinical outcomes. The
overall good-to-excellent rate was 90.91% in the EMIS-TLIF
group and 88.00% in the OMIS-TLIF group. Overall, there
was no significant difference of good-to-excellent rate
between the two groups regarding clinical outcomes
(P > 0.05) (Table 5).

Complications
The overall comorbidities rate in the EMIS-TLIF group
(9.09%) was lower compared with that (12.00%) in the
OMIS-TLIF group (P > 0.05) (Table 3). Lower extremity

TABLE 2 Comparison of demographic variables in two groups

Items
EMIS-TLIF
group

OMIS-TLIF
group t/x2 P value

Cases 22 25
Sex n (%) 0.046 0.831
Male 13 (59.09) 14 (56)
Female 9 (40.91) 11 (44)

Age (year) �0.487 0.629
Range 41–68 40–70
Mean � SD 55.77 � 7.89 56.96 � 8.72

Segment n (%) 0.238 0.770
L4/5 9 (40.91) 12 (48)
L5/S1 13 (59.09) 13 (52)

BMI (kg/m2) 25.72 � 1.90 26.01 � 2.40 �0.446 0.658
Duration of follow-
up (months)

16.05 � 3.26 16.76 � 3.53 �0.718 0.476

Abbreviations: EMIS-TLIF, exoscope-assisted minimally transforaminal
lumbar interbody fusion; OMIS-TLIF: operative microscope-assisted mini-
mally invasive transforaminal lumbar interbody fusion.

TABLE 1 Questionnaire about the experience of the exoscope
(EX) compared with the operative microscope (OM)

Image quality on the monitor
1. How was the overall brightness of image by the EX compared with

the OM?
2. How was the brightness of the field when the deep operative field

was shown compared with the OM?
3. How was the overall image quality of the EX compared with the OM?
4. How was image quality of the EX than that to the OM when the

operative field was magnified?
5. Was the magnification of the EX sufficient compared with the OM?

Handling of the equipment
6. How was the depth perception of the EX compared with the OM?
7. How easy was it to reposition and refocus on the operative field

compared with the OM?
8. How easy was it to prepare and install compared with the OM?
9. How comfortable was the working distance compared with the OM?
10. How much space did the EX occupy in the operating room?

Subjective ergonomics
11. How much body comfortable did the surgeon feel using the EX

compared with the OM?
12. How convenient was it to perform surgery while watching monitor

compared with the OM?
3D glasses
13. How comfortable was it wearing the 3D glasses?

Education usefulness
14. Was the EX more useful as an educational tool compared the OM?

TABLE 3 Comparison of surgery-related indicators between the two group

Items EMIS-TLIF group OMIS-TLIF group t P value

Operation time (min) 111.00 � 19.87 121.92 � 16.92 �02.035 0.048*
Intraoperative blood loss (ml) 57.23 � 20.25 63.28 � 20.34 �1.020 0.313
Postoperative drainage (ml) 52.86 � 12.26 51.92 � 13.48 0.250 0.804
Postoperative hospitalization stay (days)
Complications rates n (%)

11.14 � 1.81
2 (9.09%)

11.72 � 2.54
3 (12.00%)

�0.896 0.375
1.000

Abbreviations: EMIS-TLIF, exoscope-assisted minimally transforaminal lumbar interbody fusion; OMIS-TLIF, operative microscope-assisted minimally invasive trans-
foraminal lumbar interbody fusion.; * p < 0.05 were statically significant between the two groups.
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numbness occurred in two patients in the OMIS-TLIF group
and zero patient in the EMIS-TLIF group at 1 week postop-
eratively and recovered following conservative treatment for
4 weeks. Screw loosening occurred in two patients in the

EMIS-TLIF group and one patient in the OMIS-TLIF group
at 3 month postoperatively, and those patients were conser-
vatively treated until solid bony fusion of the fractured
vertebral body as observed. No patients developed serious

TABLE 4 Comparison of visual analog scale (VAS) and Oswestry disability index (ODI) scores in two groups

Items EMIS-TLIF group OMIS-TLIF group t P value

VAS of back pain
Pre-operation 6.67 � 1.23 6.50 � 1.15 0.495 0.623
1 week postoperatively 2.54 � 0.71 3.00 � 0.76 �2.159 0.036**
3 month postoperatively 2.12 � 0.68 2.37 � 0.71 �1.243 0.220
12 month postoperatively 1.71 � 0.52 1.90 � 0.68 �1.088 0.282
P value <0.05* <0.05*

VAS of leg pain
Pre-operation 5.13 � 1.31 5.48 � 1.06 �0.996 0.325
1 week postoperatively 2.07 � 0.59 2.23 � 0.88 �0.737 0.465
3 month postoperatively 1.78 � 0.45 1.76 � 0.55 0.121 0.904
12 month postoperatively 1.48 � 0.48 1.64 � 0.43 �1.258 0.215
P value <0.05* <0.05*

ODI
Pre-operation 55.73 � 9.07 58.12 � 7.96 �0.963 0.341
1 week postoperatively 27.18 � 4.84 30.08 � 4.73 �2.075 0.044**
3 month postoperatively 22.05 � 5.93 23.80 � 5.32 �1.069 0.291
12 month postoperatively 15.05 � 4.02 14.24 � 3.70 0.715 0.478
P value <0.05* <0.05*

Abbreviations: EMIS-TLIF, exoscope-assisted minimally transforaminal lumbar interbody fusion; ODI, Oswestry disability index; OMIS-TLIF, operative microscope-
assisted minimally invasive transforaminal lumbar interbody fusion; VAS, visual analog scale.; *P < 0.05 for significant improvement when compared with base-
line assessment,; ** P < 0.05 were statically significant between the two groups.

Fig. 4 *P < 0.05 were statistically

significant between two groups; EMIS-

TLIF, exoscope-assisted minimally

invasive transforaminal lumbar

interbody fusion group; ODI, Oswestry

disability index; OMIS-TLIF, operative

microscope-assisted minimally

invasive transforaminal lumbar

interbody fusion group; VAS, visual

analog scale

192
ORTHOPAEDIC SURGERY

VOLUME 15 • NUMBER 1 • JANUARY, 2023
A RETROSPECTIVE STUDY OF EXOSCOPE IN MIS-TLIF.



comorbidities such as cerebrospinal fluid fistula, nerve toot
injury, wound infection and reoperation in both groups.

Rating scale questionnaire
After each EMIS-TLIF surgery, the main surgeon (a senior
spinal surgeon) and assistant (intermediate-grade surgeon)
from the Department of Orthopedic, General Hospital of
Central Theater Command of PLA answered the standard-
ized questionnaire. A total of 44 participants (22 main sur-
geons and 22 assistants) responded to the questionnaire.
According to the questionnaire, questions about subjective
ergonomics and education usefulness, receive the highest
score (4.66, 4.43, and 4.54). The characteristic of handling of
equipment was superior than the OM. Another characteristic
of the EX, image quality on the monitor during the proce-
dure were almost equivalent to the OM. However, question
13 about 3D glasses, was rated as the lowest (2.80) (Fig. 5).

Discussion

This retrospective study was conducted to investigate two
visualization devices (the EX and OM) that have been

applied to facilitate MIS-TLIF for the management of LDD.
Lower operation time and comorbidities rates in the EMIS-
LIF group were observed. As we mentioned above, spine sur-
gery assisted with the OM is a gold standard in this field.
Therefore, OMIS-TLIF served as a reference in this study to
assess and compare the perioperative data and clinical results
of EMIS-TLIF. The preliminary outcomes have shown that
EMIS-TLIF can be regarded as a safe and effective alternative
solution in treating degenerative lumbar disease.

Why Does the Surgeon Use the EX in MIS-TLIF?
MIS-TLIF was first described by Foley et al. in 2002 and has
been widely used to treat LDD up to now.10 MIS-TLIF has
been demonstrated to achieve equivalent and even superior

TABLE 5 Comparison of Odom criteria between the two group

Outcome Criteria EMIS-TLIF group OMIS-TLIF group z P value

Excellent Improvement of preoperative symptoms and signs 14 (63.67%) 15 (60.00%) �0.359 0.720
Good Partial relief of symptoms with full activity 6 (27.27%) 7 (28.00%)
Fair Improvement but limitation of activity 2 (9.09%) 2 (8.00%)
Poor Symptoms and signs unchanged or exacerbated 0 (0.00%) 1 (4.00%)

Abbreviations: EMIS-TLIF, exoscope-assisted minimally transforaminal lumbar interbody fusion; OMIS-TLIF, operative microscope-assisted minimally invasive trans-
foraminal lumbar interbody fusion.

Fig. 5 Summary of the results for question 1–14 which aimed to compare the EX and OM on 5-point scale. 1 = EX very inferior to OM. 5 = EX very

superior to OM
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clinical outcomes as compared with conventional TILF. It can
improve fusion rates, reduce time to ambulation and length
of hospitalization, and alleviate postoperative back pain.8–11

However, a long learning curve should be overcome before
becoming proficient in this operation. The incidence of
comorbidities associated with MIS-TLIF has been reported as
high as 33.3%.9 It is due to limited surgical field and inefficient
illumination during the surgical manipulation. Especially, the
chief surgeon who receive traditional training was not familiar
with this endoscopic operation. At the beginning of populari-
zation of this operation, the decompression of MIS-TLIF was
performed under the endoscopy. Therefore, multiple intra-
operative visualization devices have also been developed to
improve the illumination, visualization and magnification of
surgical view field, meanwhile facilitate surgical manipulation.

The OM provides favorable intraoperative illumination,
stereovision and magnification during surgical manipulation,
which has been applied to assist MIS-TLIF.6–8 Compared with
endoscopic surgery, spine surgeons were more familiar with
OM since most of them have receive OM training when
engaging in spine surgical practice. Zhang et al.8 have reported
a series of cases with LDD who received tubular operation
with assistance of OM. It can achieve favorable clinical out-
comes in the management of LDD. Subsequently, a series
studies have reported that the application of microscope
improves the visualization of the surgical field, and it makes
the operation more efficient and safer.6,22 However, limitations
of the OM have also been mentioned. It includes narrow
depth of field, limited working distance, poor ergonomics, dif-
ficulty maneuverability and encumbrance.12–17,23 These disad-
vantages might cause discomfort to the surgeon and
negatively affect the surgical outcomes.24 Therefore, new
devices should be developed to overcome these disadvantages.

The Advantages and Disadvantages of the EX
in MIS-TLIF
The EX, an alternative tool to the OM, provides not only 3D
visualization, but also 4K definition and feasibility for most
spinal surgical procedures.12–18,25 According to our question-
naire, the EX has a few strengths compared with the OM,
which is consistent with other reports.18,24,26,27 First, the EX
has shown great educational potential compared with the
standard OM.24 Unlike the traditional spine surgery assisted
with the OM, 3D HD visualization on the screen can be
watch by the entire surgical team. It not only achieves an
educational goal, but also presents delicate surgical manipu-
lation and facilities cooperation for the surgeons, anesthesiol-
ogists, nurses and medical students. All nurses, participated
in our surgery commented an improved and more immersive
experience, therefore overcoming the limitations of conven-
tional OM.24 Second, the EX provides some ergonomic supe-
riority, which is beneficial for longer surgical procedure. The
surgeon and assistant can obtain visualization on the moni-
tor without distorting their posture.18 If a surgeon often dis-
torts their posture during the procedure, it is deleterious to
the health of the spine. A previous study has reported that

the usage of the OM in plastic surgery for more than 3 h per
week was related to the surgeons’ cervical and thoracic
pain.26 The reduction of ergonomics-related exhaustion dur-
ing the long surgical procedure is necessary to maintain
high-level surgeon performance.28 Third, the EX can provide
superior depth perception compared to the OM.18,24 The
good depth perception, vital in spine surgery, might help
surgeon identify microstructural anatomy and improve effi-
ciency and clinical outcomes (lower operation time and com-
plication rates). Fourth, the EX also has shown advantages in
depth of field. Previous studies demonstrated that the good
field depths of the EX minimized the frequency and time of
repositioning and refocusing during the procedure.24,27 The
main features between the EX (Kestrel View II, Mitaka Kohli,
Tokyo, Japan) and OM (Leica M520 MS3, Wetzlar,
Germany) are compared in Table 6. Subjectively, the image
quality and illumination of the EX were comparable to the
OM according the questionnaire.

However, there was a hint of eye strain, headache, or
nasal pain in some participating with the 3D glasses in this
study. Many of the same disadvantages were observed in other
clinical studies,18,29,30 which could have affected the surgeons,
performance during the operation. In our research, the 3D
glasses are general, nor tailored to the different surgeons, which
might be one of the reasons of the nasal pain. Whereas prob-
lems like dizziness, eye strain, and headache are reported and
discussed with the 3D EX, these occurrences have decreased
with the development of this system.31 Nevertheless, as a new
technology, the 3D EX is not mature and the phenomena of
visual intolerance existed; thus, further studies are needed to
evaluate the adaptation between the 3D EX and surgeons.

TABLE 6 Comparison of the characteristics between the exo-
scope (EX) and the traditional operative microscope (OM)

Characteristics EX OM

Magnification 1.9–39.3� 1–17�
Image quality Excellent Good
Image capture 3D HD monitor Eyepiece
Depth of field Longer Short
Focal length Longer Short
Working distance 300–1000 mm Shorter
Light source LED Xenon
Auto-focusing Yes Yes
Controller type Foot switch and hand grip Hand grip
Refocusing time Short Longer
Stereopsis 3D Yes
Depth perceptions Yes Yes
Education usefulness High Low
Subjective ergonomics Good Poor
Surgeon discomfort Low Medium/high
Maneuverability Easy Difficulty
Occupied space Little Large
Portability Easy Difficulty

Abbreviations: 3D, three-dimensional; EX, exoscope; HD, high definition;
LED, light-emitting diode; OM, operative microscope.
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Clinical Outcomes
The application of different EX in MIS-TLIF has been
reported in two studies previously. Both studies found that
the EX is well suited for MIS-TLIF.18,19 However, limitations
of two studies should be mentioned. First, Shirzadi et al.19

found that the EX (VITOM) provided comparable operation
time and clinical results to the OM in MIS-TLIF. However, a
drawback of VITOM is absence of stereoscopic vision since
2D technology is applied in this system. It makes the spinal
surgical procedures slower and riskier.24 Another drawback
is the scope holder of the EX. Unlike the EX used in our
study, the hydraulic counter balance mechanism accommo-
dates frequent and rapid repositioning in a wide range at dif-
ferent angles just with a simple button control, the VITOM
holder in that study was relatively static. Fully balanced
vibration absorbing system of our EX system may allow for a
wider surgical field of view with significantly improved easy
during frequent repositioning. Second, Ariffin et al.18 also
described EX-assisted MIS-TLIF for patients with LDD in a
case series, and it is not a well-designed case–control study.
We cannot evaluate the efficiency, safety and advantages of
EX-assisted MIS-TLIF compared with other MIS-TLIF
procedures.

In our study, the results illustrated a significant reduc-
tion of operation time in the EMIS-TLIF group compared
with the OMIS-TLIF group (P < 0.05). It is due to the fol-
lowing reasons. First, a longer working distance provided by
the EX facilitates the surgical manipulation and permits
spine surgeons to operate bimanually without interruption
from the camera (as a solid barrier).32 Second, the EX has
several strengths such as good depth of field, laser focus
guide and an electric autofocus system, which might mini-
mize the time used for repositioning and refocusing.24,27 It
was reported that up to 40% of the operation time was spent
in adjusting either focus, viewing angle and the microscope’s
position.33 Third, the chief surgeon in our team has obtained
abundant hand-eye-coordination experience of endoscopic
surgery, which is definitely beneficial for the surgeons to per-
form MIS-TLIF with EX with good cooperation between
hand and eye. However, a well-designed comparison study is
necessary to testify this speculation.

Both the ODI and VAS scores of the two groups were
significantly improved compared with those before surgery.
The postoperative ODI scores and VAS of back pain in the
EMIS-TLIF group were significantly reduced compared with
the OMIS-TLIF group at 1 week postoperatively. This phe-
nomenon is due to the fact that the prolonged tubular retrac-
tion in the OMIS-TLIF group may result in ischemia and
denervation of the paraspinal muscle, subsequently leading

to lower back muscle atrophy and pain after the operation in
the OM group.33 It has been reported that a shorter opera-
tion time is associated with VAS scores of the back pain in
the short-term postoperative period.34 The ODI score is
widely applied to evaluate the quality of life in patients post-
operatively. More than 15% improvements of ODI score are
associated with favorable outcomes.35 The similar changes in
ODI were observed in both groups. In addition, as a previous
study has shown, the ODI score is closed related to the
VAS,36 so the changes in the ODI score could be responsible
for corresponding changes in VAS observed in our study.

Limitations
This study had several limitations. First, only single-
segmental MIS-TLIF was included in this study. Patients
with two or three levels should be investigated in the future.
Second, ergonomics was only evaluated by the subjective
questioner in this study, and objective ergonomics and
fatigue are still missing. Also, this study evaluated clinical
outcomes in small-population and short-term, and these
findings may be biased. A large-scale and long-term prospec-
tive clinical study should be performed to investigate the per-
formance of MIS-TLIF with the EX.

Conclusions
Both the EMIS-TLIF and OMIS-TLIF resulted in similar
clinical outcomes for LDD. This present study illustrates that
the EMIS-TLIF is associated with shorter operation time
than the OMIS-TLIF. We suppose that this EX could be an
effective alternative tool to the OM in spine surgery, provid-
ing advantages in handling of the equipment, ergonomics
and education usefulness for the surgical team, and safety
and effectiveness for the patients.
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