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Abstract

Purpose: To study the therapeutic effect of percutaneous pedicle screw fixation (PPSF) combined with
Tongdu Huoxue decoction on thoracolumbar spine fractures.

Methods: Ninety-eight patients with thoracolumbar spine fractures treated with PPSF were
retrospectively enrolled and grouped into a study group (SG, n = 51, PPSF combined with THD), and a
control group (CG, n = 47, PPSF). General surgical indices, postoperative pain, postoperative Oswestry
dysfunction index (ODI index), preoperative and postoperative imaging indices, and postoperative
hemodynamic indices were determined and recorded.

Results: Patients in SG exhibited significantly lower visual analog scale (VAS) scores higher than those
of CG at 3, 7 and 15 days after surgery (p < 0.05). At 15 and 30 days after surgery, patients in SG
exhibited significantly lower ODI index than those in CG (p < 0.05). At day 60 after surgery, Cobb angle
was lower in SG than in CG, while the injured vertebral body showed higher anterior height in SG than
in CG. Furthermore, FIB and D-D were lower in SG than in CG at day 7, but exhibited higher PT than
CG (p < 0.05).

Conclusion: The combined application of PPSF and THD in patients with thoracolumbar fractures
ameliorates postoperative pain levels, improves short-term spinal function, and significantly alters the
postoperative coagulation index of patients, presumably by reducing the incidence of postoperative
thrombosis. However, there is a need for further clinical trials prior to the introduction of this therapy into
clinical practice.
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INTRODUCTION construction site injuries; thoracolumbar fracture
ranks first in the incidence of spinal fracture [1,2].

Spinal fracture is one of the frequent injuries in ~ Thoracolumbar fracture has become one of the

orthopaedics nowadays, with its incidence hotspots of clinical research due to its complex

related to the rapid economic development in  pathological mechanism [3].

China, traffic accidents, sports injuries, and
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The percutaneous pedicle screw fixation (PPSF)
provides effective three-column fixation to the
damaged spine, corrects the spinal deformity,
maintains the three-dimensional position of the
spine, and rebuilds its mechanical stability. So it
has been widely used in clinical practice [4,5].
With the wide use of PPSF in clinical practice,
the shortcomings of this procedure have been
gradually exposed, such as postoperative pain in
some patients due to nerve injury and high
incidence of venous thrombosis in the lower
extremities due to long-term bedrest [6,7]. The
occurrence of the above adverse reactions
affects compliance of patients with the procedure
to some extent, and the follow-up treatment is
not convenient with regard to the effective use of
medical resources. Therefore, there is an urgent
need to find a comprehensive treatment modality
to improve the postoperative experience of such
patients.

Tongdu Huoxue Decoction is a traditional famous
formula in Chinese traditional medicine [8]. It was
confirmed that Tongdu Huoxue Decoction can
invigorate the liver and kidney, promote blood
circulation and reduce swelling, strengthen
muscles and bones, and is especially suitable for
patients recovering from a fracture surgery
[9,10]. However, there are few research on the
combination of PPSF and Tongdu Huoxue
decoction in patients with thoracolumbar
fractures. This study intends to study the
therapeutic effect of PPSF combined with
Tongdu Huoxue Decoction in patients with
thoracolumbar fractures by establishing a control
group, thereby providing clinical reference for
improving the prognosis of such patients.

METHODS

General patient profile

Ninety-eight patients who were diagnosed as
thoracolumbar fractures and underwent PPSF in
The Second People's Hospital of Dongying from
May 2018 to March 2021 were retrospectively
selected, and were grouped into a study group
(SG, n = 51) who received PPSF combined with
Tongdu Huoxue decoction, (THD) and a control
group (CG, n = 47) who received PPSF alone,
according to the postoperative intervention they
received.

Inclusion criteria

Patients diagnosed with thoracolumbar fracture
by imaging and received PPSF at the age of < 55
years were included. The study was approved by
the Ethics Committee of The Second People's

Hospital of Dongying, and conducted in line with
the principles of the Declaration of Helsinki [11].

Exclusion criteria

Patients with combined psychiatric disorders
were excluded. Patients who had = 50 % spinal
canal occupancy and neurological impairment,
severe injury to the posterior longitudinal
ligament complex, and intraoperative bone
grafting or spinal fusion were excluded. Patients
with combined systemic diseases or acute and
chronic infections were also excluded. Patients
with previous history of thoracolumbar fractures
or paravertebral lesion, old fractures,
osteoporotic fractures or pathological fractures
were not included.

Elimination criteria

Patients who were lost to follow-up, who
voluntarily dropped out, who died, and who had
to receive secondary surgery during the study
were eliminated.

Procedures and treatments

Both groups of patients underwent PPSF with
pedicle screws. The surgeons were from the
excellent spine surgery team of the hospital.
Patients were notified of the surgery planning
and risks, and signed a written informed consent
form prior to the surgery. After entering the
operating room, the patient was intubated under
general anesthesia and kept in a prone position,
and a median incision was made with the
patient's fracture cone as the center. The pedicle
screws were placed on the upper and lower
adjacent cones of the fracture cone respectively
to reduce the fracture site, and then the pedicle
screws are fixed on the connecting rod.

After the operation, the drainage tube was
drained, the wound surface was washed, and the
incision was sutured. The patient was closely
observed for 24 h after the operation, and was
treated with routine antibiotics to prevent
infection. The urine volume and drainage volume
of the patients were recorded. Internal fixation
was removed 12 months after surgery. Patients
in CG routinely received postoperative oxygen,
intravenous rehydration, cardiac monitoring, etc.
In addition to the treatment given in the CG,
patients in the SG were also administered with
Tongdu Huoxue Decoction. The prescription was
composed of 30 g of Cervi Cornu Degelatinatum,
30 g of Cibotium barometz, 18 g of Salvia
miltiorrhiza, 18 g of Astragalus, 18 g of Cortex
eucommiae, 18 g of Angelica sinensis, 18 g of
Lignum Sappan, 18 g of Eupatorium japonicum
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Thunb, 18 g of Paeoniae Radix Rubra, and 18 g
of earthworm. One dose of the above drugs was
decocted in water and divided into two, half in the
morning and half in the evening, for 30 days.

Evaluation of indices/parameters
Postoperative pain level

Visual analog scale (VAS) was applied to
evaluate the postoperative pain level [12]. The
scale quantifies the pain level into 10 levels
corresponding to 1-10 points, and patients were
asked to mark a level corresponding to their own
feelings, and the evaluation timing are 3, 7, 15,
30 and 60 days after surgery.

Postoperative ODI index

Postoperative ODI index [13] consists of 10
questions including self-care, lifting, walking,
standing, and sleep disturbance, ranging 0 to 50
scores, and the higher score represented the
more severely affected function.

Preoperative
indicators

and postoperative imaging

On a lateral x-ray of the thoracolumbar spine, a
straight line was made between the upper edge
of the injured vertebra and the lower edge of the
inferior vertebra, and the angle between the
straight line and the vertical line is the Cobb
angle. The Cobb angle [14] and height of anterior
edge of the injured vertebra were determined
before and 60 days after surgery, respectively.

Preoperative and postoperative coagulation
function indicators

The coagulation function indicators fibrinogen
(FIB), D-2 polymer (DD) and prothrombin time
(PT) of the two groups of patients were analyzed
before and 7 days after the operation, and FIB
and DD were measured using enzyme-linked
immunosorbent assay; The PT value was
measured by scattered light coagulation method.

Statistical methods

IBM Statistical Package for Social Sciences
(SPSS) Statistics for Windows, Version 22.0
(IBM Corp, Armonk, USA) was chosen for
statistical analysis. The measurement data were
described as mean + standard deviation (SD).
Data were tested for normal distribution and
homogeneity of variance. The t-test was used for
differences between groups that met normal
distribution or homogeneity of variance, while
Mann-Whitney U-test was performed for data

with uneven variance. Chi-square test was
conducted for differences of counting data
between groups. A value of p < 0.05 was
regarded as statistical difference. Graphpad
Prism 8.3 was used for graphical analysis [15].

RESULTS

General patient data

The intergroup differences showed no statistical
significance (p > 0.05) in the two groups with
respect to the gender, age, cause of injury,
fracture segment, and underlying disease (Table
1).

General surgical indices
The two groups showed no significant
differences with respect to operative time, blood

loss, volume of postoperative drainage fluid and
hospital stay (p > 0.05) (Table 2, Figure 1).
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Figure 1: Comparison of surgical indicators
Postoperative pain level

At 3, 7 and 15 days after surgery, SG showed
remarkably lower pain level than CG (p < 0.05).
At 30 and 60 days after surgery, the
postoperative pain level showed no differences
between the two groups (p > 0.05) (Table 3,
Figure 2).

Changes in ODI index after surgery

No statistically significant differences were found
in the ODI indices between the two groups at 3
and 7 days after surgery (p > 0.05). The ODI
indices in SG at 15 and 30 days after surgery
were remarkably lower than those in CG (p <
0.05). At 60 day after surgery the difference
between groups in the ODI index of patients was
not statistically significant (p > 0.05, Table 4,
Figure 3).
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Table 1: Comparison of general profile {{mean = SD); n (%)}

Variable Study group (n=51) Control group (n=47) tix? P-value
Gender Male 30 24 0.005 0.945
Female 21 23
Mean age (years) 41.11+3.28 41.21+3.34 0.106 0.781
Mean weight (kg) 65.18+3.91 65.31+3.77 0.119 0.780
Mean BMI (kg/nt) 20.19+2.19 19.98+2.28 0.331 0.724
Cause of injury Traffic accident 27 20 0.889 0.231
Falling Injuries 13 15
Heavy object injuries 6 7
Fall injuries 5 5
Fractured segment T11 8 6 0.891 0.221
T12 10 10
L1 12 8
L2 14 12
L3 7 11
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Table 2: Comparison of general surgical indicators (mean + SD)

Group Number of Operating time Intraoperative Postoperative Length of
cases (min) blood loss (mL) drainage (mL) hospitalization
(days)
Study 51 51.29+3.20 78.19+9.11 30.19+2.39 8.19+1.29
Control 47 51.44+3.99 80.18+8.98 29.98+2.33 8.31+1.11
T - 0.206 1.088 0.44 0.492
P-value - 0.837 0.279 0.661 0.624

Table 3: Comparison of postoperative pain level (Xts)

Group No. of  Postoperative Postoperative Postoperative Postoperative Postoperative
cases Day 3 Day 7 Day 15 Day 30 Day 60
Study 51 4.56+1.15 3.15+0.26 2.26+0.21 1.15+0.26 0.94+0.11
Control 47 5.16+1.26 3.68+0.61 3.21+0.19 1.17+0.21 0.90+0.09
T - 2.465 5.673 23.414 0.417 1.960
P-value - 0.015 <0.001 <0.001 0.678 0.053
surgery (p > 0.05). At 60 days after operation,
89 SG showed lower Cobb angle and higher height
# SG . >
G of the anterior edge of the injured vertebra than

CG (p < 0.05) (Table 5, Figure 4).
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Figure 2: Comparison of postoperative pain level. #p
< 0.05 versus control group
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Differences in preoperative and postoperative

imaging indices Figure 3: Changes in postoperative ODI index. #p <

_ L . 0.05 versus CG
No statistically significant differences were found

in the Cobb angle and the anterior height of the
injured vertebra between the two groups before

Table 4: Postoperative ODI index (mean * SD)

Group No.of  Postoperative Postoperativ  Postoperative Postoperative Postoperative
cases Day 3 e Day 7 Day 15 Day 30 Day 60
Study 51 75.2614.26 68.2516.69 61.01+4.15 50.05+3.16 43.2614.11
Control a7 74.98+4.69 68.54+6.33 67.15+3.59 55.14+4.15 44.05+3.98
T - 0.310 0.22 7.803 6.863 0.947
P-value - 0.757 0.826 <0.001 <0.001 0.346

Table 5: Differences in preoperative and postoperative imaging indices (mean + SD)

Group No. of Cobb angle (°) Height of anterior margin of injured
patients spine (cm)
Pre-operative Postoperative Pre-operative Postoperative (60
(60 days) days)
Study 51 22.54+4.20 13.26+2.15 6.51+1.22 9.69+1.26
Control 47 23.16+3.59 14.98+1.98 6.68+1.36 9.04+1.68
T - 0.782 4.109 0.652 2.178
P-value - 0.436 <0.001 0.516 0.032
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Table 6: Preoperative and postoperative coagulation indices

Group No. of FIB (g/L) D-D (mg/L) PT(s)
cases Pre- Postoperative Pre- Postoperative Pre-operative  Postoperative
operative Day 7 operative Day 7 Day 7
Study 51 10.02+1.65 2.65+0.62 20.16+3.26 2.98+0.41 4.59+1.15 17.12+3.21
Control 47 9.98+1.75 4.11+0.51 19.98+3.54 5.98+1.01 4.69+£1.18 12.01+2.68
T - 0.116 12.669 0.262 19.543 0.425 8.515
P-value - 0.908 <0.001 0.794 <0.001 0.672 <0.001
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Figure 4: Differences in preoperative and
postoperative imaging indices between the two
groups. (A) The Cobb angle; (B) The anterior edge
height of the injured vertebra. #P < 0.05 versus CG

Preoperative and postoperative coagulation
function indices

No statistically significant differences were found
in fibrinogen (FIB), D-2 aggregates (D-D), and
prothrombin time (PT) between the two groups
before surgery (p > 0.05). On the 7th day after
operation, the FIB and D-D of SG were lower and
PT was higher than that of CG (p < 0.05, Table

extensive stripping of the muscle stops and
prolonged stretching and compression,
postoperative muscle fiber scarring and muscle
fiber edema [18].

In this study, the feasibility of Tongdu Huoxue
Decoction in improving the prognosis of patients
with thoracolumbar fractures undergoing PPFS
was experimented by setting up a control group.
The patients in the study group treated with
Tongdu Huoxue Decoction showed significant
improvement with reference to postoperative
pain in the short term. Previous studies have
pointed out that during PPFS for thoracolumbar
fractures, the soft tissues and muscles around
the injured vertebrae inevitably get damaged,
and postoperative patients will often experience
hematoma and pain symptoms [19].

The causes of postoperative pain in patients are
mostly related to hematoma compression of
nerves and muscle tissue damage. In modern
Chinese medicine, it is believed that Du meridian
dominates the yang of the whole body, and the
meridians run gi and blood. Therefore, when Du

6). meridian is damaged, the Qi stagnation and
blood stasis occur. The Cervi Cornu
DISCUSSION Degelatinatum in Tongdu Huoxue decoction

Since the application of pedicle screws in
thoracolumbar fractures in 1963, PPFS has
become the standard of care for thoracolumbar
fractures; and some studies have demonstrated
that this procedure can shorten postoperative
time, reduce the incidence of venous and
pressure sores in the lower extremities, and
maximize preservation of motion segments
[16,17]. However, long-term follow-up revealed
that patients undergoing pedicle screw fixation
had postoperative symptoms such as stiffness
and pain in the lower back, which led to the
development of PPFS.

Compared with traditional open surgery, PPFS is
less invasive and less damaging to the patient,
thereby facilitating postoperative recovery.
However, even though the intraoperative
damage to the patient's tissues is reduced, most
patients undergoing PPFS also suffer from
postoperative complications such as pain and
difficulty in mobility, which may be due to

(THD) can nourish the liver and kidney, as well
as promote blood and reduce swelling.

Cibotium barometz warms the kidneys, enhances
the yang, nourishes the essence and replenish
the marrow. Paeoniae Radix Rubra can remove
blood stasis and relieve pain. All of these herbs
play roles in improving postoperative pain
[20,21]. This is also reflected in the fact that the
postoperative coagulation indexes in the SG
were superior to those in the CG. The
comparison showed that patients in the SG had
lower FIB and DD than those in the CG 7 days
after the operation, and had higher PT than the
CG, suggesting that the patients in the group had
improved microcirculation and smoother blood
flow after operation. Existing studies have
pointed out that patients with thoracolumbar
fractures have long-term immobilization after
surgery, and slow blood flow in the individual,
especially the lower extremities.
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Combined with the impact of intraoperative
trauma, some patients will be in a state of
hypercoagulability after surgery, and be prone to
deep vein thrombosis of the lower extremity as
well as pulmonary diseases [22]. It was shown
that the postoperative coagulation indexes of the
SG were better than those of the CG, owing to
the efficacy of Tongdu Huoxue Decoction in
promoting blood circulation, eliminating blood
stasis and generating new blood. Modern
pharmacology has confirmed that Cibotium
barometz inhibits platelet aggregation and has
anti-inflammatory and antibacterial effects, and
Paeoniae Radix Rubra reduces blood
coagulation and improves blood viscosity. All
these herbs can help improve the postoperative
hemodynamics and have great significance in
improving the prognosis of patients.

In the present study, it was also found that the
ODI index and imaging indices of patients in the
SG were superior to those in the CG in the short
postoperative period. A controlled study
conducted in 98 thoracolumbar fracture cases
found that the combination of antiplatelet
aggregation drugs in the postoperative period
reduced the rate of postoperative thrombosis,
and also improved the function of the vertebral
body [23]. This shall be attributed to the fact that
these herbs could regulate the body's
hemodynamics. The combination of the above
herbs in THD may improve local microcirculation
and perfusion in the fracture site. In addition, it
increases the blood and oxygen supply to the
fracture site, and finally relieves local pain and
accelerates the recovery of the fracture site.

Limitations of the study

The shortcomings of this study are that the
overall sample size was small, and the source
was relatively simple. Therefore, the conclusions
may be subjective or biased. Thus, the
persuasiveness is not comparable to that of
multicenter large sample studies, and this is
intended to be improved on at a later stage.

CONCLUSION

The findings of this study indicate that Tongdu
Huoxue decoction, when combined with FFPS,
mitigates postoperative pain as well as improves
short-term  spinal  function, thus affecting
postoperative coagulation. It is speculated to
help reduce the incidence of postoperative
thrombosis. The findings of this study may
facilitate the investigation of the effect of Chinese
medicine on pain control and other functions in
thoracolumbar fractures.
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