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Managing water dynamics for optimal et

outcomes in unilateral biportal endoscopic
surgery: preliminary results in a new operative
channel
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Abstract

Background In recent years, unilateral biportal endoscopic (UBE) surgery has become one of the most popular mini-
mally invasive spine surgeries. Unlike traditional open surgery, UBE surgery is performed in isotonic saline solution.
Therefore, comprehending the water dynamics involved in UBE surgery is crucial.

Methods This prospective study involved 29 patients with single-level lumbar instability or degenerative disk disease
who underwent UBE surgery between April 2021 and March 2022. Water flow pressure was measured using a dispos-
able pressure transducer. Multifidus muscle MRl images were analyzed by ImageJ software at intervertebral disc levels.
Perioperative blood loss was estimated by the Gross formula. The obtained data were then analyzed with independ-
ent t tests, chi-squared tests, and Pearson’s correlation.

Results Height and weight were risk factors for increased water flow pressure during UBE surgery (r=0.424, P=0.022,
r=0.384, P=0.040). The phenomenon of low water flow pressure led to escalations in perioperative total blood loss,
hematocrit loss and hemoglobin loss (r=-0.369, P=0.049, r=-0.424, P=0.022, r=-0.405, P=0.029). An excessive water
flow pressure can worsen postoperative multifidus swelling and elevate the patient’s leg pain visual analogue scale
(VAS) score at 1 week (r=0.442, P=0.016, r=0.394, P=0.034).

Registration Trial registration Chinese Clinical Trial Registry, registration number ChiCTR2300078497, date of registra-
tion: 11/12/2023.

Conclusion Both low and high water flow pressures can have deleterious effects. The water flow pressure should be
controlled within a reasonable range during UBE surgery.

Keywords Minimally invasive surgery, Unilateral biportal endoscopy, Operative channel establishment, Degenerative
disc disease, Water dynamics

Introduction

In recent years, the rapid advancement of surgical tech-
niques has rendered minimally invasive spine surgery
indispensable. Unilateral biportal endoscopic (UBE)
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advantages of less pain intensity, less trauma, smaller
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incisions, and faster recovery [1, 5-8]. What is more,
UBE surgery has a smoother learning curve and is more
effective than single-channel endoscopic spine surgery
[9-11]. A large body of literature has demonstrated its
efficacy and safety for the treatment of disc degenera-
tion diseases (DDDs) [12-15].

UBE technology referred to the establishment of
percutaneous observation and working channels
through two small incisions on the unilateral posterior
approach. An endoscope was placed in the observation
channel to provide a surgical field of vision, and surgi-
cal instruments were placed in the working channel to
perform operation. [12, 16—18]. Unlike traditional open
surgery, UBE surgery is performed in isotonic saline
solution. Therefore, comprehending the water dynam-
ics involved in UBE surgery is crucial [19-22]. Appro-
priate irrigation pressure helps create a good working
space and reduce bleeding during UBE surgery, which
is beneficial for improving the view of the surgical field.
Traditional single-channel endoscopic spine surgery is
performed via one incision while UBE surgery is per-
formed via 2 incisions. The additional incision con-
tributes to the uniqueness of UBE surgery because of
its effect on water dynamics. The irrigation solution
flowed into the viewing portal and out of the work-
ing portal. As a result, more irrigating fluid was used
to dilate the operating field and wash away debris and
blood. There is minimal literature on water dynamics in
UBE surgery. Hong YH found that compared to physi-
cal characteristics, cannula placement and appropriate
cannula length are important factors that affect water
dynamics in UBE surgery [23]. However, a previous
study focused on the impacts of local factors on water
dynamics. Indeed, the influence of water dynamics
on the clinical effects is important for operators. A bet-
ter understanding of water dynamics is beneficial for
reducing the risk of related complications.

Water dynamics in UBE surgery can be explained by
the Bernoulli equation. The Bernoulli equation can be
expressed as p+pgh+(1/2)*pv*2=c, where p repre-
sents the pressure, p denotes the density of the liquid, g
signifies the acceleration due to gravity, h represents the
height, v represents the velocity, and c is a constant. P,
g, h and c were four determinations in UBE surgery; as a
result, water flow velocity was negatively correlated with
water pressure. This study uses water flow pressure as
the main variable to explore its affecting factors. In this
paper, we first briefly introduce a new operative channel
in UBE surgery, which was described in a previous paper
[24]. The present study examined not only water
dynamics and their related factors but also the effect
of water pressure on the multifidus muscles and
perioperative bleeding volume.
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Methods and materials

This prospective study involved consecutive patients
with single-level lumbar instability or degenerative disk
disease who underwent unilateral biportal endoscopic
discectomy (UBED) between April 2021 and March
2022. All patients provided informed consent and signed
the consent form. The studies involving human partici-
pants were reviewed and approved by The Ethics Com-
mittee of the Second Affifiliated Hospital of Soochow
University (No: JD-LK-2021-055-02). The inclusion
criteria were as follows: (1) single-level lumbar disc her-
niation (LDH); (2) lumbar magnetic resonance imaging
(MRI) before the operation and on postoperative day
2; (3) routine blood tests before the operation and on
postoperative day 2; and (4) preoperative, 1-week post-
operative and 1-month postoperative visual analogue
scale (VAS) and oswestry disability index (ODI) scores.
The exclusion criteria were as follows: (1) lumbar instabil-
ity and spondylolisthesis; (2) spinal fracture, tumor, infec-
tion, or a history of previous surgery; and (3) loss to
follow-up. A total of 29 patients (17 men, 12 women)
were included in the study. The study participants had
an average age of 34.14 + 8.19 years, an average weight of
70.57 £12.32 kg, and an average height of 1.70+£0.10 m.
The baseline patient demographics are shown in Table 1.

Water flow pressure measurement

In this study, we provide a concise introduction of a novel
operative channel utilized in UBE surgery, as previously
documented in our article [24]. The traditional chan-
nel was a rigid metal channel (Supplementary Fig. 1).
The height of the irrigation bottle and the length of the
incision were kept constant. The incision lengths of

Table 1 Baseline data of the patients

Variable Value
Sex
Male 17(58.62%)
Female 12(41.38%)
Agel(year) 34144819
Height(m) 1.70+0.10
Weight(kg) 70.57+12.32
BMI (kg/m2) 24414259
Surgical segment
L4-L5 13(44.83%)
L5-S1 16(55.17%)
Surgical side
Left 11(37.93%)
Right 18(62.07%)
Endoscopic operation time (min) 53.72+1898
Total amount of irrigating fluid (L) 13.27+534
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the viewing portal and working portal were approxi-
mately 0.7 cm. A 3 L isotonic lavage solution was sus-
pended at a height of 100 cm above the operating bed
level. Pressure was measured using a disposable pres-
sure transducer (Edwards Lifesciences LLC, Irvine, CA,
USA). The process was performed similarly to inva-
sive blood pressure measurement. The epidural punc-
ture needle was connected to a pressure transducer.
The other end of the pressure transducer was connected
to an electrocardiographic monitor.

Water pressure measurement was the same as in
our previously published report [24].Water pressure was
measured on seven occasions for each patient, as out-
lined in Table 2. Within the experimental group utiliz-
ing a novel operative channel, water flow pressure was
assessed subsequent to the opening of the outflow and
subsequent to the closure of the outflow using 5 mm for-
ceps. Additionally, the infusion strap was tightened to
restore the outflow. In the conventional channel group,
the measurement of water flow pressure was solely

Table 2 Conditions of seven water pressure measurements
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conducted when the outflow was unrestricted. A dispos-
able pressure transducer was utilized to establish a con-
nection between the epidural needle and the transducer.
Through endoscopic visualization, we verified the suc-
cessful placement of the needle tip within the epidural
space. The disposable pressure transducer registered a
reading of zero at the external auditory meatus, which
is situated in the same horizontal plane as the eye and
occipital prominence. The resulting pressure signals
were then visualized on the monitor.

Multifidus muscle MRI measurement

Axial T2-weighted MRI images were analyzed
by Image] software (NIH) at the intervertebral disc
levels. To determine the multifidus muscle cross-sec-
tional area (CSA), the region of interest (ROI) was
drawn around the multifidus muscles bilaterally. Based
on the outline of the multifidus muscle, the cross-sec-
tional area was calculated automatically (Fig. 1A). Edema
regions were traced using the thresholding technique.

Sequence Operation procedure Channel type Outlet condition Position

1 After channel establishment Novel channel Open Lamina Surface
2 After laminectomy Novel channel Open epidural space
3 After discectomy Novel channel Open epidural space
4 After discectomy Traditional channel Open epidural space
5 After discectomy Novel channel Obstructed epidural space
6 After discectomy Novel channel Open again epidural space
7 After discectomy Novel channel Flow stop epidural space

Fig. 1 Multifidus muscle MRl measurement. A Cross section of the vertebra in relation to the intervertebral disc Aerector spinae
@multifidus muscle — skin—dural distance. B Image after the thresholding process
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The red part is low signal, which is considered as
edema regions in ROI (Fig. 1B). Radiographic indi-
cators included (1) the signal intensity of the mul-
tifidus muscle, (2) the multifidus muscle CSA, and
(3) the ratio of the edema area to the multifidus mus-
cle CSA. All measurements were performed indepen-
dently by two experienced musculoskeletal radiologists
who were blinded to their own data and to each other’s
data. Measurements were taken twice, and the average
value was used for the analysis.

Calculation of perioperative blood loss

Perioperative blood loss was estimated by first determin-
ing patient blood volume (PBV) in milliliters using the
following formula by Nadler et al. [25].

PBV(ml) = [kl x height (m)3 + k2 x weight (kg) + k3] x 1000
For men : k1 = 0.3669, k2 = 0.03219, and k3 = 0.6041
For women : k1 = 0.3561,k2 = 0.03308, and k3 = 0.1833.
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Perioperative blood loss (PBL) was given by the prod-
uct of PBV and Hct change using the following formula
by Gross et al. [26]:

PBL (ml) = PBV(ml) x (HctPre — HctPost) /Hctave

where Hctp,, is preoperative Hct, Hctp is postopera-
tive Hct on the 2nd or 3rd day, and Hct,,, is the mean of
Hctp,, and Hetp -

Statistical analysis

Statistical analyses were conducted using IBM SPSS ver-
sion 20.0. The means +standard deviations (SDs) were
reported for the values. The independent t test was
employed to compare continuous variables, while the
chi-square test was utilized to test the statistical signifi-
cance of differences between categorical variables. Pear-
son’s correlation analysis was employed for correlation
analysis. A significance level of P<0.05 was deemed sta-
tistically significant.
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Fig. 2 Local influencing factors of water flow pressure. A Seven water pressure measurements. Conditions of seven water pressure measurements
are summarized in Table 2. B Comparison of water flow pressure for the first 3 measurements. C Comparison of traditional with the novel channel
water flow pressure. D Novel channel for water flow pressure adjustment. ns: P>0.05 *P < 0.05
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Results

The results of water flow pressure
ments are presented in Fig. 2. The pressure drop that
accompanied the second and third measurements
was significantly less than that of the first measurement
(P<0.05, Fig. 2B). In contrast to the conventional chan-
nel, the water flow pressure exhibited a notable increase
in the innovative channel (P<0.05, Fig. 2C). The pressure
of the sealed outflow surpassed that of the unrestricted
outflow (P<0.05, Fig. 2D). Subsequent to the applica-
tion of tension to the infusion strap to enable outflow, a
significant reduction in pressure was observed (P<0.05,
Fig. 2D).

The first three measurements were performed
without human intervention. The average of the
first three measurements was used as the mean for sta-
tistical analyses. Height and weight had strong positive
relationships with average water flow pressure (r=0.424,
P=0.022, Fig. 3A, r=0.384, P=0.040, Fig. 3B). A sig-
nificant negative correlation was obtained for water flow
pressure and water flow velocity (r=-0.660, P=0.000,
Fig. 3D). There was no significant correlation between
water flow pressure and BMI, skin—dural distance, or
surgical segment (r=0.166, P=0.389, Fig. 3C, r=0.146,
P=0.451, Fig. 3E, P=0.992, Fig. 3F).

The mean perioperative total blood loss was
168.77+227.53 ml. A clear negative correlation was

measure-
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found between perioperative total blood loss and aver-
age water flow pressure (r=-0.369, P=0.049, Fig. 4A).
The mean red blood cell count loss was 0.24 +0.23 10"/L.
The correlation between the mean red blood cell count
loss and the average water flow pressure was negative
but not statistically significant (r=-0.100, P=0.605,
Fig. 4B). The mean hematocrit loss was 1.47 +2.07%,
and the mean hematocrit loss was significantly nega-
tively correlated with the average water flow pressure
(r=-0.424, P=0.022, Fig. 4C). The mean hemoglobin loss
was 8.07+6.72 g/L, and the mean hemoglobin loss was
negatively correlated with the average water flow pres-
sure (r=-0.405, P=0.029, Fig. 4D).

Compared with the unaffected side, the signal inten-
sity, cross-sectional area and proportion of edema area
of the multifidus increased significantly (all P<0.05,
Fig. 5A-C). The cross-sectional area ratio of the mul-
tifidus was strongly and statistically significantly posi-
tively associated with water flow pressure (r=0.442,
P=0.0162, Fig. 5E). There were positive associations with
the signal intensity ratio and proportion of edema area
ratio, but they were not statistically significant (r=0.248,
P=0.195, Fig. 5D, r=0.217, P=0.258, Fig. 5F).

All VAS scores and ODI scores showed signifi-
cant improvement after surgery (all P<0.05, Fig. 6).
A clear positive correlation was observed between
water flow pressure and low-back pain VAS score at
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1 week (r=0.394, P=0.034, Fig. 7A). There were no posi-
tive correlations in the remaining indicators (Fig. 7B-I).

Discussion

According to Bernoulli equation, water flow velocity was
negatively correlated with water pressure theoretically.
Indeed, we proved that this was the case experimentally
(Fig. 3D). Water flow pressure was positively correlated
with height and weight in our study. This conclusion is
consistent with the study by Hong et al. [23]. Water flow
pressure during the operation should be the focus of
unwavering attention, especially for overweight or exces-
sively tall patients. Numerous previous reports in the
literature describe the complications of high water flow
pressure in UBE surgery. Lee et al [27] reported that
one patient experienced retinal hemorrhage and transient
consciousness disturbance after UBE surgery as a result
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of high water flow pressure. Heo et al [28] reported that
one patient experienced abdominal effusion after UBE
surgery. Water flow pressure was determined by friction
resistance to the flow of water, which is caused by the
flow of fluid through the muscle tissue. As the height and
weight increased, there was a corresponding increase in
the flow through soft tissue, resulting in an increase in
frictional resistance. A decrease in water velocity was
observed upon an increase in frictional resistance. As a
result, the water flow pressure increases when the water
velocity decreases according to the Bernoulli equation.

In our study, we demonstrated that the degree of swell-
ing of the multifidus on the operated side was signifi-
cantly positively correlated with water flow pressure.
However, UBE surgery had little effect on the two bilat-
eral erector spinae muscles and the unoperated side
multifidus (data not shown). These results were
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Fig. 4 Impact of water flow pressure on perioperative bleeding. Correlation between water flow pressure and perioperative total blood loss (A), red
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consistent with prior literature [29, 30]. The multifidus
on the operated side is the most proximal anatomical
location to the operated area. As water flow pres-
sure increased, water flowed into the multifidus, lead-
ing to muscle edema. Interestingly, we found that the
back VAS score at one week after the operation was posi-
tively correlated with water flow pressure. Muscle edema
leads to back pain, which is probably the reason for this
phenomenon. Consequently, excessively high levels of
water flow pressure lead to multiple negative outcomes.
To avoid this phenomenon, it is necessary to control
water flow pressure within a reasonable range during
UBE surgery. It should be noted that some UBE surgeon
do not use working sleeves during surgery once good
outflow is initially observed through the working port.
This may be a simple and smart method. However, due to
muscle swelling, and patient’s large body size, it difficult
to ensure permanency of the water flow during the entire
procedure. In order to obtain a good surgical field, it is a
reliable choice to use working sleeves during surgery.

In previous international literature, the results of high
water pressure and complications have been the primary
focus [27, 28, 31, 32]. However, we found that lower water
flow pressure also results in some disadvantages. We
found a negative correlation between water pressure and

perioperative bleeding volume. During UBE surgery, it
has been frequently observed that the unobstructed flow
of water does not necessarily ensure a clear visual field as
a result of the continuous seepage of blood from the ves-
sels. This phenomenon relates to the Bernoulli principle,
i.e., the pressure at 90° in relation to the flowing column
of liquid is indirectly proportional to the velocity of flow.
When the water flow velocity increased, the water pres-
sure decreased. Blood oozes from the capillaries when
the water flow pressure decreases below the intraca-
pillary pressure. The radiofrequency device has broad
applicability in UBE surgery in terms of achieving hemo-
stasis. However, this approach is inefficient and ineffec-
tive, especially when the pressure difference increases.
Under such circumstances, the modulation of water
pressure should be an effective measure for enhancing
hemostatic efficacy. Normally, intracapillary pressure
is 25-30 mmHg, with pressure at the arterial end of the
capillaries being 30-40 mmHg and that at the venous
end being 10-15 mmHg [33]. According to the experi-
mental results, the water flow pressure in UBE surgery
was greater than the venous end capillary pressure.
The source of intraoperative bleeding was often the
arterial end of the capillaries. To attain optimal hemo-
static efficacy, it is recommended to adjust the water
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pressure to equal the pressure at the arterial end of the
capillaries (30-40 mmHg). Nevertheless, multiple fac-
tors influence outcomes, including the blood pressure of
the patient and capillary fragility heterogeneity.

The following deficiencies may exist in the present
study. First, the number of studies included in this anal-
ysis was relatively small. Second, we use perioperative
total blood loss as a rough estimate of the amount of
intraoperative bleeding volume. This might likely con-
tribute to some bias. Finally, assessment of muscle edema
may be obscured by the fat within the muscles. How-
ever, there are several innovations in this study. First,
by using innovative approaches for water flow pressure
measurement, we were able to obtain more precise and
reliable results. Moreover, we performed multiple meas-
urements at different stages of UBE surgery. Finally, this
study is the first to describe the effects of water flow pres-
sure on the clinical effects of UBE surgery, such as perio-
perative total blood loss, paravertebral muscles, and VAS
and ODI scores after surgery.

The study of water dynamics has given rise to a new era
in UBE surgery. UBE surgery has also been refined. Fur-
ther study of water dynamics is needed in UBE surgery.

Conclusion

Height and weight are risk factors for increased water
flow pressure during UBE surgery. Low water flow pres-
sure leads to increased perioperative total blood loss. A
high water flow pressure can worsen postoperative multi-
fidus swelling and elevate the patient’s leg pain VAS score
at 1 week. It is recommended to adjust the water pres-
sure to equal that of the pressure at the arterial end of the
capillaries (30-40 mmHg).

Abbreviations
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Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512891-025-08645-5.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
The authors thank all of the participants in The Second Affiliated Hospital of
Soochow University, and we thank the support of patients.

Page 9 of 10

Authors’ contributions
W.Q.L.and CJ.P. wrote the main manuscript text. PY.J. and D.J. prepared Figs. 1,
2,3,4,5,6and 7 and Tables 1- 2. LX.F. and Y.J. reviewed the manuscript.

Funding
This study is sponsored by the National Natural Science Foundation of China
(81971036,82002345,81902239).

Data availability

The original contributions presented in the study are included in the article
Supplementary Material, further inquiries can be directed to the correspond-
ing author.

Declarations

Ethics approval and consent to participate

The studies involving human participants were reviewed and approved by The
Ethics Committee of the Second Affifiliated Hospital of Soochow University
(No: JD-LK-2021-055-02). All patients provided informed consent and signed
the consent form. All methods were conducted in accordance with the ethical
standards of the declaration of Helsinki.

Consent for publication
No individual data is presented, and consent to publication is therefore not
applicable.

Competing interests
The authors declare no competing interests.

Received: 23 December 2023 Accepted: 10 April 2025
Published online: 21 April 2025

References

1. Kim SK, Kang SS, Hong YH, Park SW, Lee SC. Clinical comparison of
unilateral biportal endoscopic technique versus open microdiscec-
tomy for single-level lumbar discectomy: a multicenter, retrospective
analysis. J Orthop Surg Res. 2018;13(1):22. https://doi.org/10.1186/
$13018-018-0725-1.

2. Pao JL, Lin SM, Chen WC, Chang CH. Unilateral biportal endoscopic
decompression for degenerative lumbar canal stenosis. J Spine Surg.
2020;6(2):438-46. https://doi.org/10.21037/js5.2020.03.08.

3. Jiang HW, Chen CD, Zhan BS, Wang YL, Tang P, Jiang XS. Unilateral bipor-
tal endoscopic discectomy versus percutaneous endoscopic lumbar
discectomy in the treatment of lumbar disc herniation: a retrospec-
tive study. J Orthop Surg Res. 2022;17(1):30. https://doi.org/10.1186/
$13018-022-02929-5.

4. ChenY, LiZ FanY. A single-arm retrospective study regarding the clinical
efficacy of unilateral biportal endoscopic decompression in the treat-
ment of lumbar spinal stenosis. Asian J Surg. 2024;47(2):1216-7. https://
doi.org/10.1016/j.asjsur.2023.11.041.

5. Park MK, Park SA, Son SK, Park WW, Choi SH. Correction to: Clinical
and radiological outcomes of unilateral biportal endoscopic lumbar
interbody fusion (ULIF) compared with conventional posterior lumbar
interbody fusion (PLIF): 1-year follow-up. Neurosurg Rev. 2019;42(3):763.
https://doi.org/10.1007/510143-019-01131-2.

6. FengZ Zhao Z, Cui W, Meng X, Hai Y. Unilateral biportal endoscopic dis-
cectomy versus microdiscectomy for lumbar disc herniation: a systematic
review and meta-analysis. Eur Spine J. 2024;33(6):2139-53. https://doi.
0rg/10.1007/500586-023-08116-2.

7. Ozer MI, Demirtas OK. Comparison of lumbar microdiscectomy and
unilateral biportal endoscopic discectomy outcomes: a single-center
experience. J Neurosurg Spine. 2024;40(3):351-8. https://doi.org/10.3171/
2023.10.5PINE23718.

8. Tan B, Zheng YH, Lei C, Ouyang JY, Wen YB, Shi ZH, et al. Unilateral bipor-
tal endoscopy vs. open decompression for lumbar epidural lipomatosis-
cohort study using a prospective registry. Front Neurol. 2024;15:1366357.
https://doi.org/10.3389/fneur.2024.1366357.


https://doi.org/10.1186/s12891-025-08645-5
https://doi.org/10.1186/s12891-025-08645-5
https://doi.org/10.1186/s13018-018-0725-1
https://doi.org/10.1186/s13018-018-0725-1
https://doi.org/10.21037/jss.2020.03.08
https://doi.org/10.1186/s13018-022-02929-5
https://doi.org/10.1186/s13018-022-02929-5
https://doi.org/10.1016/j.asjsur.2023.11.041
https://doi.org/10.1016/j.asjsur.2023.11.041
https://doi.org/10.1007/s10143-019-01131-2
https://doi.org/10.1007/s00586-023-08116-2
https://doi.org/10.1007/s00586-023-08116-2
https://doi.org/10.3171/2023.10.SPINE23718
https://doi.org/10.3171/2023.10.SPINE23718
https://doi.org/10.3389/fneur.2024.1366357

Wang et al. BMC Musculoskeletal Disorders

20.

21.

22.

23.

24.

25.

26.

27.

(2025) 26:394

Zhong Z, Hu Q, Huang L, Zhang S, Zhou M. Unilateral Biportal Endo-
scopic Posterior Cervical Foraminotomy: An Outcome Comparison With
the Full-endoscopic Posterior Cervical Foraminotomy. Clin Spine Surg.
2024,37(1):23-30. https://doi.org/10.1097/BSD.0000000000001507.

Kim JE, Yoo HS, Choi DJ, Hwang JH, Park EJ, Chung S. Learning Curve and
Clinical Outcome of Biportal Endoscopic-Assisted Lumbar Interbody
Fusion. Biomed Res Int. 2020,2020:8815432. https://doi.org/10.1155/
2020/8815432.

. Choi DJ, Choi CM, Jung JT, Lee SJ, Kim YS. Learning Curve Associated with

Complications in Biportal Endoscopic Spinal Surgery: Challenges and
Strategies. Asian Spine J. 2016;10(4):624-9. https://doi.org/10.4184/asj.
2016.10.4.624.

Eun SS, Eum JH, Lee SH, Sabal LA. Biportal Endoscopic Lumbar Decom-
pression for Lumbar Disk Herniation and Spinal Canal Stenosis: A Techni-
cal Note. J Neurol Surg A Cent Eur Neurosurg. 2017;78(4):390-6. https://
doi.org/10.1055/5-0036-1592157.

Min WK, Kim JE, Choi DJ, Park EJ, Heo J. Clinical and radiological out-
comes between biportal endoscopic decompression and microscopic
decompression in lumbar spinal stenosis. J Orthop Sci. 2020;25(3):371-8.
https://doi.org/10.1016/j,j05.2019.05.022.

Kang MS, Hwang JH, Choi DJ, Chung HJ, Lee JH, Kim HN, et al. Clinical
outcome of biportal endoscopic revisional lumbar discectomy for recur-
rent lumbar disc herniation. J Orthop Surg Res. 2020;15(1):557. https://
doi.org/10.1186/513018-020-02087-6.

Park SM, Park J, Jang HS, Heo YW, Han H, Kim HJ, et al. Biportal endoscopic
versus microscopic lumbar decompressive laminectomy in patients with
spinal stenosis: a randomized controlled trial. Spine J. 2020;20(2):156-65.
https://doi.org/10.1016/j.spinee.2019.09.015.

Choi CM, Chung JT, Lee SJ, Choi DJ. How | do it? Biportal endoscopic spi-
nal surgery (BESS) for treatment of lumbar spinal stenosis. Acta Neurochir
(Wien). 2016;158(3):459-63. https://doi.org/10.1007/500701-015-2670-7.
Ha JS, Sakhrekar R, Han HD, Kim DH, Kim CW, Kulkarni S. Unilateral
Biportal Endoscopy for L5-S1 Extraforaminal Stenosis (Far Out Syn-
drome) - Technical Note with Literature Review. J Orthop Case Rep.
2024;14(3):187-93. https://doi.org/10.13107/jocr.2024.v14.i03.4336.

Peng W, Zhuang Y, Cui W, Chen W, Chu R, Sun Z, et al. Unilateral Biportal
Endoscopy for the Resection of Thoracic Intradural Extramedullary
Tumors: Technique Case Report and Literature Review. Int Med Case Rep
J.2024;17:301-9. https://doi.org/10.2147/IMCRJ.S444226.

Srivastava A, Sood A, Joy PS, Mandal S, Panwar R, Ravichandran S, et al.
Principles of physics in surgery: the laws of mechanics and vectors phys-
ics for surgeons-part 2. Indian J Surg. 2010;72(5):355-61. https://doi.org/
10.1007/512262-010-0155-8.

Choi CM. Biportal endoscopic spine surgery (BESS): considering merits
and pitfalls. J Spine Surg. 2020,6(2):457-65. https://doi.org/10.21037/jss.
2019.09.29.

Kang MS, Park HJ, Hwang JH, Kim JE, Choi DJ, Chung HJ. Safety
Evaluation of Biportal Endoscopic Lumbar Discectomy: Assessment

of Cervical Epidural Pressure During Surgery. Spine (Phila Pa 1976).
2020;45(20):E1349-E56. https://doi.org/10.1097/BRS.0000000000003585.
Kang MS, You KH, Hwang JY, Cho TG, Yoon JH, Lee CS, et al. In Vivo
Comparison of Positive Microbial Culture by Wound Irrigation Methods:
Biportal Endoscopic Versus Open Microscopic Transforaminal Lumbar
Interbody Fusion. Spine (Phila Pa 1976). 2024;49(13):941-9. https://doi.
0rg/10.1097/BRS.0000000000004812.

Hong YH, Kim SK, Hwang J, Eum JH, Heo DH, Suh DW, et al. Water
Dynamics in Unilateral Biportal Endoscopic Spine Surgery and Its Related
Factors: An In Vivo Proportional Regression and Proficiency-Matched
Study. World Neurosurg. 2021;149:e836-43. https://doi.org/10.1016/].
wneu.2021.01.086.

Dai J, Liu XF, Wang QL, Peng YJ, Zhang QZ, Jiang FX, et al. A new method
for establishing operative channels in unilateral biportal endoscopic
surgery: Technical notes and preliminary results. J Back Musculoskelet
Rehabil. 2023;36(2):367-75. https://doi.org/10.3233/BMR-220005.

Nadler SB, Hidalgo JH, Bloch T. Prediction of blood volume in normal
human adults. Surgery. 1962;51(2):224-32.

Gross JB. Estimating allowable blood loss: corrected for dilution. Anes-
thesiology. 1983;58(3):277-80. https://doi.org/10.1097/00000542-19830
3000-00016.

Lee KH, Kim GL, Park J, Lee HB, Hong SY, Kim TH. Retinal hemorrhage
and transient consciousness disturbance after biportal endoscopic

28.

29.

30.

31

32.

33.

Page 10 of 10

lumbar discectomy: A case report and literature review. J Orthop Sci.
2023;28(6):1450-5. https://doi.org/10.1016/},j05.2021.04.013.

Heo DH, Sharma S, Park CK. Endoscopic Treatment of Extraforaminal
Entrapment of L5 Nerve Root (Far Out Syndrome) by Unilateral Biportal
Endoscopic Approach: Technical Report and Preliminary Clinical Results.
Neurospine. 2019;16(1):130-7. https://doi.org/10.14245/n5.1938026.013.
Ahn JS, Lee HJ, Park EJ, Kim SB, Choi DJ, Kwon YS, et al. Multifidus Muscle
Changes After Biportal Endoscopic Spinal Surgery: Magnetic Resonance
Imaging Evaluation. World Neurosurg. 2019;130:e525-34. https://doi.org/
10.1016/j.wneu.2019.06.148.

Wang L, Li C, Han K, Chen Y, Qi L, Liu X. Comparison of Clinical Outcomes
and Muscle Invasiveness between Unilateral Biportal Endoscopic Discec-
tomy and Percutaneous Endoscopic Interlaminar Discectomy for Lumbar
Disc Herniation at L5/S1 Level. Orthop Surg. 2023;15(3):695-703. https.//
doi.org/10.1111/0s.13627.

Kim W, Kim SK, Kang SS, Park HJ, Han S, Lee SC. Pooled analysis of unsuc-
cessful percutaneous biportal endoscopic surgery outcomes from a
multi-institutional retrospective cohort of 797 cases. Acta Neurochir
(Wien). 2020;162(2):279-87. https://doi.org/10.1007/s00701-019-04162-2.
Wu J, Fang Y, Jin W. Seizures after percutaneous endoscopic lumbar
discectomy: A case report. Medicine (Baltimore). 2020;99(47): €22470.
https://doi.org/10.1097/MD.0000000000022470.

Kumar P. Subcutaneous compartment syndrome. Burns. 2007;33(1):125-
6. https://doi.org/10.1016/j.burns.2006.04.025.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1097/BSD.0000000000001507
https://doi.org/10.1155/2020/8815432
https://doi.org/10.1155/2020/8815432
https://doi.org/10.4184/asj.2016.10.4.624
https://doi.org/10.4184/asj.2016.10.4.624
https://doi.org/10.1055/s-0036-1592157
https://doi.org/10.1055/s-0036-1592157
https://doi.org/10.1016/j.jos.2019.05.022
https://doi.org/10.1186/s13018-020-02087-6
https://doi.org/10.1186/s13018-020-02087-6
https://doi.org/10.1016/j.spinee.2019.09.015
https://doi.org/10.1007/s00701-015-2670-7
https://doi.org/10.13107/jocr.2024.v14.i03.4336
https://doi.org/10.2147/IMCRJ.S444226
https://doi.org/10.1007/s12262-010-0155-8
https://doi.org/10.1007/s12262-010-0155-8
https://doi.org/10.21037/jss.2019.09.29
https://doi.org/10.21037/jss.2019.09.29
https://doi.org/10.1097/BRS.0000000000003585
https://doi.org/10.1097/BRS.0000000000004812
https://doi.org/10.1097/BRS.0000000000004812
https://doi.org/10.1016/j.wneu.2021.01.086
https://doi.org/10.1016/j.wneu.2021.01.086
https://doi.org/10.3233/BMR-220005
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1016/j.jos.2021.04.013
https://doi.org/10.14245/ns.1938026.013
https://doi.org/10.1016/j.wneu.2019.06.148
https://doi.org/10.1016/j.wneu.2019.06.148
https://doi.org/10.1111/os.13627
https://doi.org/10.1111/os.13627
https://doi.org/10.1007/s00701-019-04162-2
https://doi.org/10.1097/MD.0000000000022470
https://doi.org/10.1016/j.burns.2006.04.025

	Managing water dynamics for optimal outcomes in unilateral biportal endoscopic surgery: preliminary results in a new operative channel
	Abstract 
	Background 
	Methods 
	Results 
	Registration 
	Conclusion 

	Introduction
	Methods and materials
	Water flow pressure measurement
	Multifidus muscle MRI measurement
	Calculation of perioperative blood loss
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


