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Abstract: Objective: To explore the application value of the concept of damage control orthopaedics (DCO) in clinical
treatment of lower limb fractures. Methods: In this retrospective analysis, 157 patients with lower extremity fracture,
who received surgery in Cangzhou Hospital of Integrated Traditional Chinese and Western Medicine (Cangzhou
Orthopaedic Hospital) during March 2019 and August 2020, were chosen as research subjects. Among them, 73
patients admitted from March to December 2019 were included in the control group, and the other 84 patients ad-
mitted from January to August 2020 were included in the observation group. The control group received convention-
al fracture treatment scheme, and the observation group was treated under the DCO concept. The operation time,
postoperative hospital stay, fracture reduction quality, incidence of complications, and bone metabolism and bone
healing pre- and post-treatment were compared between the groups. Results: The operation time, time to achieve
stable vital signs and hospital stay of the observation group were apparently shorter than those of the control group
(P<0.05). Visual analog score (VAS) of patients in both groups on postoperative day 3 and 7 were substantially lower
than those on postoperative day 1 (P<0.05), and VAS scores of patients in the observation group were markedly
lower than those in the control group (P<0.05). Serum Interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-&) in the
two groups were significantly reduced on 14" day after surgery compared to those before surgery (P<0.05), and the
indexes of observation group were lower than those of control group (P<0.05). Serum Osteocalcin (BGP), carboxyter-
minal of type | procollagen (PICP), alkaline phosphatase (ALP), Soluble intercellular adhesion molecule-1 (sICAM-1)
and Insulin like growth factor-1 (IGF-1) in the two groups postoperative day 14 were obviously higher than those
before operation (P<0.05), and the indicators in the observation group were higher than those of the control group
(P<0.05). The incidence of complications in the control group was significantly higher than that in the observation
group (P<0.05). Conclusion: The application of the DCO concept in the clinical treatment of lower extremity trauma
can effectively promote the rehabilitation of patients with lower extremity trauma, minimize their complications,
improve the bone metabolism and bone healing degree, and reduce the degree of pain.
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Introduction Over recent years, due to the lightning speed of

traffic development domestically and increas-

Lower extremity fractures are common cases in
orthopedic clinics. These injuires are mostly
caused by direct or indirect external shock, and
usually accompanied by high-energy trauma,
bleeding and multiple organ damage [1]. Pati-
ents may not only have sensory dysfunction
at the site of trauma, but also have massive
bleeding and pain (usually including open and
closed lower limb fractures, and may even be
combined with nerve injury, chest and abdomi-
nal injury or craniocerebral injury), and most
patients suffer from multiple fractures [2, 3].

ing number of transportation vehicles, the num-
ber of patients with orthopedic lower extremity
injuries caused by traffic accidents has also
been increasing [4]. The condition of patients
with orthopedic trauma to the lower extremity
can progress rapidly. Hemorrhagic shock can
cause serious damage to the physiological bal-
ance and metabolic function of patients, and
the consequent serious complications such as
hyperthermia, acidosis, and coagulopathy may
threaten the life and safety of patients [5, 6].
The mechanism of coagulation disorder is com-
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plex. Researchers believe that the primary
cause of coagulation disorder is the sharp
drop of body temperature caused by massive
bleeding. Hypothermia will hinder the platelet
function of patients and lead to blood coagula-
tion. The pathological mechanism of metabolic
acidosis lies in the disorder of cell metabolism
and the increase of anaerobic metabolism
caused by prolonged low blood flow perfusion.
Pyruvate is transformed into lactic acid in cyto-
plasm, and the blood lactic acid level increases
rapidly, which leads to acidosis [7-10]. For
the above cases, quick and effective first-aid
measures should be taken during treatment,
including disinfection and hemostasis, and the
changes of respiratory signs, acid-base and
humoral imbalance of patients should be close-
ly observed [11, 12]. If the lower extremity frac-
ture is not properly treated in time, it is easy to
produce systemic inflammatory response syn-
drome, which sorely threatening the life safety
of patients. However, it is difficult to meet the
treatment needs of orthopedic patients with
lower extremity fractures only by applying con-
ventional treatment procedures. Therefore, it is
particularly important to seek a more effective
and reliable first-aid rule for orthopedic trauma
of lower extremities [13].

Damage Control Orthopaedics (DCO) treatment
refers to the phased treatment of fractures to
reduce the body injury caused by complete
treatment in the early clinical stage, so as to
reduce further injury to patients and improve
the clinical treatment and recovery efficacy
[14]. Although the traditional early comprehen-
sive treatment of lower limb trauma has a cer-
tain therapeutic effect, there are risks-immedi-
ate ultimate orthopaedic surgery for critically
injured patients may lead to disability. With
the development of medical concepts, DCO
theory has been gradually applied to the clini-
cal treatment of lower limb trauma in orthope-
dics. Before the implementation of the defini-
tive surgical plan, different treatment methods
should be selected for different patients, and
the current overall instability and severity of
accompanying injury should be weighed, so as
to improve patient tolerance and lay a founda-
tion for subsequent treatment [15]. DCO tech-
nology, as a newly developed medical treat-
ment measure in recent years, gradually exert a
crucial clinical value in the treatment of ortho-
pedic diseases, and has achieved good cura-
tive effect. At present, there are still puzzles in
the understanding and application of DCO
among clinical medical staff in China. This
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study provides objective evaluation, basis and
application methods in clinical treatment of
lower extremity trauma based on damage con-
trol theory, and it develops a personalized
treatment plan for each patient, which is of
great significance to reduce adverse reactions
and promote the recovery of patients’ limb
function.

Data and methods
Clinical data

This study is a retrospective analysis. A total
of 157 patients with lower extremity fracture,
who received surgery in Cangzhou Hospital of
Integrated Traditional Chinese and Western
Medicine (Cangzhou Orthopaedic Hospital) dur-
ing March 2019 to August 2020, were chosen
as the research subjects. The patients included
29 with tibial plateau fractures, 23 with middle
and distal tibia and fibula fractures, 13 with
lower femoral and femoral ankle fractures, and
92 with multiple fractures. The patients were
assigned into control group (n=73) and obser-
vation group (n=84) considering their admis-
sion time. The research was conducted with the
approval of Ethics Committee of the hospital
(2019011002).

Inclusive criteria

(1) Patients with an age of 18-60 years old; (2)
Patients with lower extremity trauma and indi-
cated for operation, including open fracture
and multiple trauma; (3) Patients who were sur-
gically treated; (4) Patient or family member
who voluntarily signed the informed consent
form; (5) Patients with complete postoperative
follow-up results; and (6) Patients without oper-
ation-related contraindications.

Exclusive criteria

(1) Patients with autoimmune diseases, malig-
nant tumor or mental disorders; (2) Patients
who underwent a single simultaneous opera-
tion for lower extremity fractures and fractures
at other sites; (3) Patients with pathologic frac-
ture due to tumor or infection; or (4) Patients
who were unwilling to participate in postopera-
tive follow-up or lost to follow-up.

Methods

The control group was treated with convention-
al wound treatment methods, including remov-
al of necrotic tissue, and surgical treatment for
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Table 1. Comparison of baseline data between the two

groups

(3) The incidence of complications
was compared between the two

Baseline data Observa}ion Contrgl group Yy p groups.
group (n=84)  (n=73) Secondary indicators: (1) The chang-
Gender es in serum inflammatory factors,
Male 56 28 0.379 0.538 bone metabolism and bone healing
Female 52 21 indexes before surgery and 14 days
Age (yd, X +s) 49.2449.38 49.02+1052 0139 0.890  Alter surgery were compared betwe-
en the two groups. Five ml of periph-
BMI (kg/m? X %s) 24.15+3.54 24.38+2.90 0.441 0.660 eral blood was extracted from the
Type of trauma patients and the serum was separat-
Open fracture 33 32 0.333 0.564 ed. The bone metabolism indexes
Multiple trauma 51 41 (osteocalcin (BGP), type | procollagen
Hypertension (n, %) 21(25.00) 18(24.66) 0.256 0.613 carboxy-terminal propeptide (PICP)
Diabetes (n, %) 17 (20.24) 12 (16.44) 0.375 0.541 and serum alkaline phosphatase

Note: Gender, trauma, hypertension and diabetes were compared by x?;

and the age and BMI were compared by student t-test.

fracture as soon as possible. In general, the
first aid ideas for the control group were mainly
based on anatomical restoration. The observa-
tion group was treated with the DCO concept
and was treated in stages prior to definitive
fracture surgery. (1) Firstly, the bleeding was
stopped, and the open fracture trauma was
cleaned in time. Blood volume compensation
was given immediately for the patients who
developed hemorrhagic shock. Patients with
extremely severe limb damage were treated
with decisive amputation. (2) The ISS score was
used to accurately assess the actual injury of
the patient. The patients with a score > 20
points were sent to ICU for emergency treat-
ment; the patients with a score <20 points
were sent to the intensive care unit of orthope-
dics for first aid. Meanwhile, patient’s metabol-
ic acidosis, coagulation disorders, and low tem-
perature symptoms were corrected to ensure
smooth ventilation. (3) Patients’ vital signs
were observed in real time to determine best
treatment scheme of fracture surgery.

Observation of indicators

Primary indictors: (1) Operation time, time to
achieve stable vital signs and overall hospital
stay were compared between the two groups.

(2) The pain degree and swelling degree of the
two groups were comparedon 1d,3dand 7 d
after surgery. The pain degree was measured
by VAS, with a score ranging from O to 10
points. The higher score indicated more severe
of pain.
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(ALP)), the bone healing indexes (sol-
uble intercellular adhesion molecule-
1 (sicAM-1) and insulin-like growth
factor-1 (IGF-1)), and the inflammato-
ry cytokines (interleukin-6 (IL-6) and tumor
necrosis factor-a (TNF-a)) were compared
between the two groups. All the above indica-
tors were detected by ELISA kit, which was pur-
chased from Shanghai Yaji Biotechnology Co.,
LTD.

(2) The living quality of the two groups was com-
pared 14 days after surgery, which was evalu-
ated by SF-36 Scale. The scale contained eight
dimensions, including psychological states,
emotional role, physical states, physical role,
pain degree, social functioning, vitality and gen-
eral health. Each dimension was scored on a
scale of O to 100 points, with a higher score
indicating a better quality of life.

Statistical analysis

SPSS 25.0 was used for statistical analysis.
The measurement data were represented by
(X£s). The inter-group comparison was con-
ducted using independent samples t-test, and
the intra-group comparison was conducted
using paired t-test. Percentage (%) was used
to express enumeration data, and x> test was
used for comparison. P<0.05 was considered
with statistically significant difference.

Results
Comparison of baseline data
The baseline data of the two groups were sta-

tistically insignificant and as such the two
groups were comparable (P>0.05) (Table 1).
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Table 2. Comparison of operation time, time to achieve stable vital signs and total hospital stay be-

tween the two groups (X +S)

Time to achieve stable

Group Number of cases Operation time (min) vital signs (min) Total hospital stay (d)
Observation group 84 86.34+15.42 3.10+1.21 22.39+5.46
Control group 73 97.30+17.52 4.52+1.65 27.65+6.12

t - 4.169 6.200 5.691

P - 0.000 0.000 0.000

Note: The operation time, stable time of vital signs and hospital stay of the two groups were compared by student t-test.
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Figure 1. Comparison of postoperative VAS scores be-
tween the two groups (points, X +s). Note: Compared
with the same group on the 1st day after operation,
paired t-test was used, (*P<0.05); Independent sam-
ple T test was used for comparison with control group
(*P<0.05). VAS, visual analog score.

Comparison of operation time, time to achieve
stable vital signs and total hospital stay

The operation time, time to achieve stable vital
signs and hospital stay in the observation
group were remarkably shorter than those in
the control group (all P<0.05) (Table 2).

Comparison of postoperative pain

The two groups showed no significant differ-
ence in VAS score 1 d after surgery (P>0.05).
The VAS scores of two groups on postoperative
3 d and 7 d substantially decreased compared
with those on 1d after surgery (P<0.05), and
the observation group had remarkably lower
scores than the control group (P<0.05) (Figure
1).

Comparison of inflammatory factor levels be-
fore and after surgery

The two groups had no statistical differences in
preoperative serum IL-6 and TNF-« levels (all
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P>0.05). The serum IL-6 and TNF-a levels
decreased significantly on the 14" day after
surgery compared to that before surgery in both
groups (all P<0.05), and the observation group
had significantly lower levels than the control
group (all P<0.05) (Table 3).

Comparison of bone metabolism indicators
before and after surgery

The two groups had no statistical differences
in preoperative serum BGP, PICP and ALP
levels (all P>0.05). The levels of BGP, PICP,
ALP, sICAM-1 and IGF-1 in the two groups on
postoperative day 14 were obviously higher
than those before operation (all P<0.05), and
the observation group had significantly higher
levels than the control group (all P<0.05) (Table
4).

Comparison of bone healing indicators before
and after operation

The two groups had no significant difference in
serum sicAM-1 and IGF-1 levels prior to surgery
(all P>0.05). The levels of serum sICAM-1 and
IGF-1 in the two groups increased remarkably
on postoperative day 14 compared to those
before surgery (P<0.05), and the observation
group had notably higher levels than the control
group (all P<0.05) (Table 5).

Comparison of living quality between the two
groups

The psychological state, physical state, pain
degree, vitality and overall health score in
SF-36 scale of patients in the observation
group were remarkably higher than those in the
control group (P<0.05), as shown in Table 6.

Comparison of the incidence of complications

The complication rate was 2.38% in the obser-
vation group, which was statistically lower than
12.33% in the control group (P<0.05) (Table 7).
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Table 3. Comparison of serum inflammatory factor levels between the two groups before and after
surgery (X+s)

IL-6 (ng/L) TNF-a (ng/ml)
Group Number of cases
Before surgery 14 d after surgery Before surgery 14 d after surgery
Observation group 84 279.38163.94  133.93+47.39* 2.751£0.42 1.59+0.35*
Control group 73 286.49+78.02 173.03+51.21* 2.81+0.47 1.83+0.49*
t - 0.627 4.967 0.845 3.564
P - 0.531 0.000 0.400 0.001

Note: Compared with the same group before operation, paired t test was used (*P<0.05).

Table 4. Comparison of bone metabolism indicators between the two groups before and after surgery
(Xts)

BGP (ug/L) PICP (ug/L) ALP (pg/L)
Group ONfuCn;S:; Before 14d Before 14d Before 14 d
surgery after surgery surgery after surgery surgery after surgery
Observation group 84 4.37+0.63 5.98+0.93* 112.73+28.39 146.48+36.40* 79.26+£15.64 134.59+24.53*
Control group 73 4.48+0.71 5.23+0.79* 114.02+29.03 121.04+30.44* 83.42+19.02 108.23+27.65*
t - 1.029 5.401 0.281 4.709 1.503 6.330
P - 0.305 0.000 0.779 0.000 0.135 0.000

Note: Compared with the same group before operation, paired t test was used (*P<0.05). BGP, osteocalcin; PICP, procollagen type | carboxy-terminal propeptide; ALP,
alkaline phosphatase.

Table 5. Comparison of bone healing indexes between the two groups before and after surgery (X +s)

sICAM-1 (ug/L) IGF-1 (ug/L)
Group Number of cases
Before surgery 14 d after surgery Before surgery 14 d after surgery
Observation group 84 102.24421.30 153.92+35.30* 191.85+65.60 298.56+73.84*
Control group 73 107.02+23.89 120.35+34.27* 185.64+60.22 251.23+64.52*
T - 1.325 6.024 0.615 4.246
P - 0.187 0.000 0.540 0.000

Note: Compared with the same group before operation, paired t test was used (*P<0.05). sICAM-1, soluble intercellular adhe-
sion molecule-1; IGF-1, insulin like growth factor-1.

Table 6. Comparison of quality of life between the two certain effect on preventing wound
groups (points, X +s) infection, the effect on controlling
Living aualit Observation Control group . o thg pathnts disease progression is

g quality group (n=84) (n=73) still not ideal. Damage control pro-

vides timely emergency treatment

Psychological states 75.48+6.50 70.29+4.58 5.701 0.000 . h
y g for the patients, which can bpromote

Emotional role 69.8315.64 70.95+6.52 1.154 0.250 the patient's best treatment oppor-
Physical states 57.92+4.09 54.39+5.94 4.382 0.000 tunity, so that the medical staff can
Body role 64.38+7.89 63.27+8.33 0.857 0.393 have more sufficient time to deter-
Pain degree 69.05+9.37 62.38+7.04 4.981 0.000 mine a scientific, reasonable and
Social Functioning ~ 58.96+10.24 56.48+12.01 1.397 0.165 effective treatment plan, and create
Vitality 62.1749.32 57.42+7.44 3.493 0.001 favorable conditions for subsequent
General health 67.58+4.99 61.21#584 7.370 0.000  Surgical treatment [16]. Finally, the

Note: the comparison of the two groups of indicators in the table adopts Changes in patients 'V|ta| signs
student t-test. should be closely monitored, thus

improving the treatment safety [17].

Discussion The results of this study showed that the opera-

tion time, time to achieve stable vital signs and
The conventional treatment of lower limb trau- hospital stay in the observation group were sig-
ma is trauma removal, disinfection and hemo- nificantly shorter than those in the control
stasis. Although the above measures have a group, and the complication rate was appar-
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Table 7. Comparison of the incidence of complications between the two groups [n (%)]

Group Number of cases Shock Multiple organ dysfunction syndrome Total
Observation group 84 1(1.19) 1(1.19) 2(2.38)
Control group 73 5 (6.85) 4 (5.48) 9 (12.33)
X2 - 5.923
P - 0.015

Note: the incidence of complications was compared by x? test.

ently lower than that in control group, which is
consistent with a previous report [18]. Treat-
ment under the DCO concept can help to con-
trol the patient’s condition, reduce complica-
tions and create favorite conditions for surgical
treatment, thus shortening the hospitalization
time of patients and promoting their recovery.

Bone metabolism and bone healing are involved
in the healing process of patients with limb
fractures. The literature has shown that metab-
olism indicators, BGP, PICP and ALP, are posi-
tively correlated with the activity and function
of bone cells in the body [19-21]. In addition,
sICAM-1 and IGF-1 can be increased after
treatment [22, 23]. This study observed the
changes in bone metabolism and bone healing
indicators before and after surgery in the two
groups. The results revealed that the increase
of postoperative bone metabolism indexes
(BGP, PICP, ALP) and bone healing indexes
(sICAM-1, IGF-1) in the observation group were
obviously higher than those in control group.
This indicates that effective control of the
patient’s condition through the DCO concept
and phased surgical treatment is more condu-
cive to promoting the postoperative healing of
patients. The levels of inflammatory factors in
patients with lower limb fracture can be rapidly
elevated. Inflammatory factors not only reflect
the degree of body injury, but also trigger an
inflammatory cascade that leads to multiple
organ dysfunction [24]. Our results also show-
ed that the postoperative IL-6 and TNF-« in
the observation group were notably lower than
those in control group, and the postoperative
pain in the observation group was lighter than
that in control group. This shows that applying
the DCO concept to manage the patient’s con-
dition and perform surgery under effective
control of the conditions are conductive to
postoperative disease recovery and the remis-
sion of the body’s inflammatory response and
pain alleviation. According to previous reports
[25], effective treatment can greatly promote
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the repair of patients’ trauma, which is of great
value to their postoperative rehabilitation,
which agrees with the results of this study.

Inevitably, there are still some drawbacks in
this study. The sample size included in this
study is relatively small, which is a limitation
of this study. In the later research, the sample
size will be further expanded, and the treat-
ment and operation process of injury control
concept will be standardized, so as to provide a
more scientific basis for its extensive clinical
application.

Applying the DCO concept to clinical treatment
of lower extremity trauma can effectively pro-
mote the recovery of lower extremity trauma,
reduce complications, improve bone metabo-
lism and bone healing degree, and reduce pain
of the patients.
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