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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 MRI 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) 
surgery has become  one  of  the  most  popular  mini-
mally invasive  spine surgeries in  the  past decade [1–
4]. Compared to open surgery, UBE surgery offers the 
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 + ρgh + (1/2)*ρv^2 = c, where p repre-
sents the pressure, ρ 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. Ρ, 
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.

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%)

  Age(year) 34.14 ± 8.19

  Height(m) 1.70 ± 0.10

  Weight(kg) 70.57 ± 12.32

  BMI (kg/m2) 24.41 ± 2.59

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 ± 18.98

  Total amount of irrigating fluid (L) 13.27 ± 5.34
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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 

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  ImageJ  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. 

Table 2  Conditions of seven water pressure measurements

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 MRI measurement. A Cross section of the vertebra in relation to the intervertebral disc ▲erector 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) = [k1× height (m)3+ k2× weight (kg)+ k3] × 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.

Perioperative blood loss (PBL) was given by the prod-
uct of PBV and Hct change using the following formula 
by Gross et al. [26]:

where HctPre is preoperative Hct, HctPost is postopera-
tive Hct on the 2nd or 3rd day, and Hctave is the mean of 
HctPre and HctPost.

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.

PBL (ml) = PBV(ml)× (HctPre−HctPost)/Hctave

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 measure-
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 

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 1012/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 

Fig. 3  Influence of patient factors on water flow pressure. Relationship between water flow pressure and height (A), weight (B), BMI (C), water flow 
velocity (D), skin-dural distance (E), and surgical segments (F). ns: P ≥ 0.05, *P < 0.05
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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 

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 

Fig. 4  Impact of water flow pressure on perioperative bleeding. Correlation between water flow pressure and perioperative total blood loss (A), red 
blood cell count loss (B), hematocrit loss (C), and hemoglobin loss (D)
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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 

Fig. 5  Impact of water flow pressure on the multifidus. Comparison of the signal intensity (A), cross-sectional area (B) and the proportion 
of edema area (C) of the affected and the unaffected side multifidus. Relationship between water flow pressure and signal intensity ratio 
of multifidus (D), cross-sectional area ratio of the multifidus(E) and proportion of edema area ratio of multifidus (F). *P < 0.05
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Fig. 6  Clinical outcome of UBE surgery. A Perioperative change in low-back pain VAS score. B Perioperative change in leg pain VAS score. C 
Perioperative change in ODI score

Fig. 7  Impact of water flow pressure on clinical outcome. Relationship between water flow pressure and low-back pain VAS score at 1 week (A), 
leg pain VAS score at 1 week (B), ODI score at 1 week (C), low-back pain VAS score at 1 month (D), leg pain VAS score at 1 month (E), ODI score 
at 1 month (F), low-back pain VAS score at 3 months (G), leg pain VAS score at 3 months (H), and ODI score at 3 months (I)
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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).
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