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Abstract
Background

Minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) is becoming increasingly popular
in the treatment of lumbar degenerative diseases. Microscope assisted MIS-TLIF was also reported
favorable clinical outcomes and low complication rates, while limitations can include depth of field,
illumination, and ergonomics. The exoscope has been introduced as an alternative to microscopes. In this
report, we describe the application of the 3-dimensional (3D), high-definition (HD) exoscope for MIS-TLIF,
and discuss its advantages and disadvantages.

Methods

Six patients were performed 3D-HD exoscope-assisted MIS-TLIF from September 2019 to December
2019. The exoscope was used [Kestrel View I, WEALTH CONCORD MITAKA MEDICAL
TECHNOLOGIESCO., LTD. OF SHANGHAI, CHINA] during soft tissue dissection, discectomy,
decompression, and cage insertion.

Results

The exoscope provided an excellent 3D view of the surgical field and allowed us to effectively and safely
perform the surgical steps. All 6 patients experienced excellent surgical outcomes. The main advantages
of the 3D exoscope include the possibility to provide excellent, magnified, and illuminated 3D-HD images
of the surgical field to the entire operating room and serving as an excellent training tool.

Conclusion

We believe that the 3D exoscope will be a safe and effective tool to perform MIS-TLIF.

Background

Lumbar degenerative diseases including disc-herniation lumbar radiculopathy, lumbar spinal stenosis,
lumbar spondylolisthesis, is one of the most common disorders in the lumbar spine region and often
results in symptoms of lower back pain, leg pain, neurogenic claudication and decreased function.
Prospective and randomized long-term data show that surgical intervention is available in whom
conservative therapy fails to manage symptoms[1-4]. Surgical fusion has become one of the most
commonly performed procedures in the treatment of lumbar degenerative diseases[56]. Transforaminal
lumbar interbody fusion (TLIF) has been widely used in the surgical management of lumbar degenerative
diseases|[7:8]. Minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF) aided with the tubule
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to finish decompression and interbody fusion is similar to open TLIF in clinical outcomes for the
treatment of lumbar degenerative diseases[9-10]. Compared with open TLIF, MIS-TLIF has advantages of

less blood loss, quicker recovery, and lower wound infection[8:11]. More recently, MIS-TLIF has become
increasingly popular in the treatment of lumbar degenerative diseases.

The operating microscope with the advantages of significant magnification and illumination has played
an important role in modern microsurgery when visualizing delicate vascular structures and spinal
anatomy. Microscope assisted MIS-TLIF was reported favorable clinical outcomes and low complication
rates[12—-14]. However, although providing direct binocular and stereoscopic vision, limitations of the
operating microscope can include depth of field, illumination, and ergonomics when working in deep
corridors[15]. Furthermore, difficult maneuverability and encumbrance on the operative field are the major
motivations for the limited use of a microscope in spinal procedures, particularly when dedicated surgical
instruments need to be implanted[16]. To overcome these shortcomings, a novel visualization tool is
required.

Recently, three dimensional (3D) exoscope, a new visualization tool with applications in some surgical
disciplines, has been testified feasible in cadaver lab[17:18] and adopted in the spinal neurosurgery as an
alternative to the microscope[19-23]. This exoscope is composed of a tubular microscope, a camera unit,
a light source, a monitor, and a control unit. Compared with the traditional microscope, it has advantages
such as improved ergonomics, an unblocked primary surgical field of vision, and a shared high-quality 3D
view for the complete surgical team offering increased educational value[1824].

We report our experience with a three-dimensional high-definition (3D-HD) exoscope system [Kestrel View
I, WEALTH CONCORD MITAKA MEDICAL TECHNOLOGIESCO., LTD. OF SHANGHAI, CHINA] used as a
visualization tool in 6 cases of MIS-TLIF. The surgical details, technical advantages, and limitations are
included in this paper.

Technical Report

Patient Population

A total of 6 patients were performed MIS-TLIF by using the 3D exoscope, with an average age was
57.67+5.75 years old. Operations were performed by the same surgeon, with resident assistance. The
surgeon had prior experience using microscopic and endoscopic techniques for spinal applications. The
detailed characteristic data were shown in Table 1. The 6 patients reported in this study had received
information about the application of the 3D exoscope, which was included in the informed consent
procedure for surgery.

3D Exoscopic Equipment
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The 3D-HD exoscope system [Kestrel View Il, WEALTH CONCORD MITAKA MEDICAL TECHNOLOGIESCO.
,LTD. OF SHANGHAI, CHINA] is a visualization tool able to generate 3D real-time videos, which can be
useful in several surgical disciplines. The system consists of a LED light source, a microscopic camera,
and a HD screen (1920*1080 resolution), allowing for the generation of 3D videos. Optical/digital
zooming results in magnification ranges from 1.9 to 39.3x. These devices are mounted on a mechanical
arm. In the case of MIS-TLIF, surgeons wearing 3D glasses performed operation (figure 1).

Surgical Procedures

Patients underwent general anesthesia and placed as a prone position on the spine operating table. Then
a 3 cm incision was made lateral to the midline on the decompression side. Through the incision, the
tubular was inserted and fixed. The 3D exoscope was then positioned on the surgical sterile field. The
camera orientation was adjusted to avoid any visual interference from the surgical instruments. The 3D
exoscope was used during dissection, discectomy, decompression, and cage insertion. Surgeons wear
special 3D glasses. The facet joints and the ligamentum flavum were removed by ultrasound scalpel and
laminectomy rongeur. The nerve roots and the lateral edge of the dura were exposed and decompressed.
The posterolateral annulus was incised, and discectomy was acted completely. A polyetheretherketone
(PEEK) cage filled with autologous bone was inserted accurately. The homolateral pedicle screws were
inserted after the cage implantation through the decompression incision. Posterior fixation on the
contralateral side was done using percutaneous pedicle screws through two 1 cm incisions. A bent rod
was placed to connect the pedicle screws. C-arm X-ray was used to make sure the position of the pedicle
screws. Then, the drainage tube was placed underneath the fascia, and the wound was closed layer by
layer. A typical case was shown in figure 2.

Statistical Analysis

All data were analyzed by using IBM SPSS Statistics (SPSS v23, IBM Corp., Armonk, NY, USA). The data
measured at pre-operation, 1 week, 6 months after operation were compared by Wilcoxon rank-sum tests.
A P-value <0 .05 was considered significant in this study.

Results

The 3D exoscope offered excellent, magnified, and illuminated 3D-HD images of the surgical field in all
the cases. All the cases were completed under 3D exoscope magnification from the points of view of the
technique and the medicine. All patients had benefited from the procedures they underwent. All 6 patients
experienced excellent surgical outcomes. VAS and ODI score of all the patients were demonstrated to
decrease postoperatively (P0.05) (Table 2). The average operation time was 133.67+15.71 min. The
average blood loss was 91.67+17.51 ml and the postoperative drainage was 60.00+13.78 ml. None of the
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operations had to be stopped because of technical problems. There was no conversion to the microscope
or traditional open procedure in any operation. No complications occurred in this study.

Discussion

The operating microscope provides a significant intraoperative illumination and visualization of
pathological tissue and anatomical structures, which makes the microneurosurgical procedure
successful and safe. Thus, the microscope has become the mainstay instrument of neurosurgery[25].
However, there are some limitations in microscope including depth of field, illumination, and ergonomics
when working in deep corridors[15]. Moreover, difficult maneuverability and encumbrance over the
operative field are the motivations for the limited use of microscope during spinal procedures[16]. These
limitations can influence the comfort of the surgeon and the surgical outcome[25]. Tools to improve these
limitations are required.

It has been reported that the 3D exoscope has comparable results with the conventional operating
microscope with good image quality and illumination during spinal surgery[22:23]. The 3D exoscope has
a number of other advantages over the conventional operating microscope. Some studies reported the
superiority of the exoscope compared with the operating microscope with regards to ergonomics and
comfort[22:26]. The surgeons can straighten their back and even rest on the backrest in a heads-up
position while performing surgery with exoscopes. The associated decrease of related exhaustion of
ergonomics is important to preserving high-level surgeon performance over the course of a long
case[27:28]. In addition, unlike the large frame and fixed bulky design of the conventional microscope, the
other advantage of the 3D exoscope is related to its small size. The working distance is between 30 and
100 cm, which provides unobstructed working space to the surgeons. As a result, this allows for
comfortable use of the exoscope in the course of the MIS-TLIF procedure, such as neural structure
decompression and cage insertion. Furthermore, Sack et al.[29] reported their experience using a 3D
exoscope for microsurgery and concluded that with the shared surgical view, exoscopes possessed
obvious educational advantages compared with the conventional microscope. Some investigators
believed that exoscopes could be an alternative to the conventional microscope in some spinal
procedures[2023].

Recently, Ariffin et al.[19] reported the application of the 3D exoscope system as a visualization tool in
spine surgery. They reported oblique lateral interbody fusion, MIS-TLIF, tubular decompression, and
tubular microdiscectomy performed by using exoscopes, highlighting the advantages of the 3D exoscope
in terms of visualization and ergonomics during spinal surgery. Nevertheless, they did not provide
surgical details concerning the different steps of MIS-TLIF (dissection, discectomy, decompression,
endplates preparation, cage insertion) assisted by 3D exoscopes. We used the novel 3D-HD exoscope as
a visualization tool for minimally invasive transforaminal lumbar interbody fusion. The exoscope was
used during dissection, discectomy, decompression, and cage insertion. In particular, neural structure
decompression is a delicate surgical step and often requires the application of microsurgical techniques

to obtain adequate magnification. In this study, all the patients experienced excellent surgical outcomes
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after effective decompression. VAS and ODI score of all the patients were demonstrated to decrease
postoperatively. With the excellent 3D surgical field provided by the exoscope system, it could help reduce
the risk of nerve injury. No complications occurred in this study. Furthermore, surgeons can clearly
identify the bleeding vessels which are conducive to the timely and accurate electric coagulation.

One of the main advantages of the 3D exoscope compared with the conventional microscope is the
possibility to provide a 3D surgical field to the entire operating room. From learning perspectives, it makes
more sense that the assistant observes the same view used by the primary surgeon intraoperatively.
Therefore, it can facilitate resident and fellow education in complicated procedures. Some investigators

also believed that the 3D exoscope served as an excellent teaching tool[22:29].

As already reported by the majority of authors, the one major disadvantage of the exoscope was the
cumbersomeness in repositioning and refocusing[23:30]. This inconvenience is attributed to the
mechanical holding arm. During surgical procedures, surgeons often need to refocus and reposition the
scope without losing sight or moving hands off the surgical field. However, the exoscope system needs
surgeons to move the mechanical arm to finish the repositioning and refocusing for getting a clear
surgical field in different steps of the operation. It obliges the surgeon to stop the operation and move
hands away from the operating table. Too many interruptions can limit the fluidity of surgery, increasing
operation time. In addition, microsurgery means continuous use of both hands and in case of brisk
bleeding having to adjust the instrument by hand might be extremely dangerous. Therefore, Rossini et al.
[30] suggests the development of a footplate command mandatory for safe clinical utilization of the
exoscope. Besides, although most neurosurgeons today are accustomed to an operative microscope,
there is certainly a learning curve necessary before using the exoscope in spinal surgery. Belykh et al.[26]
reported a significant learning curve exists for becoming accustomed to operating with the exoscope
system. No doubt it could be a potential issue for operators who are not familiar with the comparable
microscope setup. The surgeons involved in the study had previous experience utilizing the microscope
and only had a short learning curve when performing the surgery with a 3D microscope.

Conclusion

The exoscope is a visualization tool gradually entering the microsurgical practice. Currently, few cases
have been approached with this instrument. The main disadvantage highlighted by previous reports is the
cumbersomeness in repositioning and refocusing. The advantages of the 3D exoscope include providing
the excellent, magnified, and illuminated 3D-HD images of the surgical field and serving as an excellent
training tool. We believe that 3D exoscopes will be a safe and effective tool to perform MIS-TLIF.

Abbreviations

MIS-TLIF: minimally invasive transforaminal lumbar interbody fusion
3D: three-dimensional
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HD:

high-definition

TLIF: transforaminal lumbar interbody fusion
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Table 1 The demographic data of the patients

ID Gender Age(years) Diagnosis Level Operation Blood Postoperative
time(ml) loss(ml) drainage(ml)
1 male 48 Spondylolisthesis L5- 132 80 50
S1
2 male 55 Disk herniation  L4- 115 65 45
L5
3 female 62 Disk herniation  L4- 124 100 65
L5
4 male 57 Spinal stenosis L5- 146 115 80
S1
5 female 60 Spondylolisthesis L4- 158 100 50
L5
6 female 64 Disk herniation L5- 127 90 70
S1

Table 2 Postoperative VAS and ODI scores of the patients

VAS-back pain VAS-leg pain ODI
preoperative 6.22+1.06 6.83+0.80 59.67+8.48
1 week after operation 2.53+0.65* 2.23+0.52%* 27.67+4.18*
6 months after operation 1.87+0.62* 1.95+0.50* 18.00+3.63*

VAS= visual analogue scale; ODI= Oswestry disability index; *, P<0.05 compared to the
pre-operative data
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Figure 1

(A-D) Surgeons performed MIS-TLIF with a 3D exoscope.
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Figure 2
A, The tubular was inserted and fixed through a 3 cm incision. B, Ultrasound scalpel was used to finish

laminectomy. C, The Annulus fibrosus was exposed clearly. D, A cage filled with autologous cancellous
bone was inserted into the disc space; E, The nerve root was decompressed completely.
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