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Abstract

This study is designed to investigate the clinical application value of the damage control
orthopaedics (DCO) concept in guiding the treatment of severe traumatic fractures
with massive hemorrhage. Using the introduction of the DCO concept in the hospital
in June 2021 as the cut-off point, patients with severe traumatic fractures and major
bleeding admitted in the two periods before the introduction of the DCO concept (January
2021~May 2021) and after the introduction of the DCO concept (June 2021~January
2022) were included as control group (n = 39) and observation group (n = 39),
respectively. The control group was given conventional surgery and treatment, whereas
the DCO group received treatment and surgery under the guidance of the DCO concept.
The results of the intervention were compared between the two groups. The time from
admission to definitive surgery was longer in the DCO group than that in the control
group. Fewer suspended red blood cells, fresh frozen plasma and platelets were used in
the DCO group compared to the control group. The total hospital stay was shorter and
the rates of postoperative complications and mortality were lower in the DCO group than
those in the control group. Patients were followed up for 6-8 months, with an average
of (6.87 + 1.15) months, and the results showed that the fracture healing rate in DCO
group was higher than that in the control group. The concept of DCO could correctly
guide the treatment of severe traumatic fractures complicated by massive hemorrhage,
and improve the therapeutic safety, reduce the incidence of postoperative complications
and mortality, and enhance the later fracture healing rate of patients.
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1. Instruction

With the continuous development of economy and transporta-
tion in China, fractures complicated with multiple injuries
caused by falls from heights and traffic accidents are becoming
more and more common [, 2]. Patients with severe trau-
matic fractures complicated with multiple injuries often have
heavy bleeding and are prone to hemorrhagic shock. Early
deterministic surgery may disrupt the periosteum during the
process of achieving a good fracture reduction, further aggra-
vating physiological exhaustion and predisposing the patient
to serious complications such as acute respiratory distress
syndrome (ARDS) and multiple organ failure (MOF), leading
to a deterioration in prognosis [3—5]. Damage control surgery
originated in the United States, and was firstly applied to the
treatment of severe abdominal injuries. Later, the concept of
damage control orthopedics (DCO) was proposed and applied
in clinical practice. When it comes to DCO, it is about control-
ling the primary injury and providing intensive care unit (ICU)

monitoring as well as supportive treatment before performing
the final surgery, thus effectively stabilizing the condition,
improving the body’s tolerance to subsequent surgical treat-
ment and increasing the safety of treatment [6—8]. In order to
understand the practical value of DCO concept in guiding the
treatment of severe traumatic fractures complicated by massive
hemorrhage, the following study was thus performed.

2. Subjects and Methods

2.1 Research subjects

Using June 2021 when the DCO concept was introduced in
the hospital as the cut-off point, patients with severe trau-
matic fractures and major bleeding admitted during the two
periods before the introduction of the DCO concept (January
2021~May 2021) and after the introduction of the DCO con-
cept (June 2021~January 2022) were included as the control
group (n=39) and the observation group (n=39). (1) Inclusion
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criteria: the injury severity score (ISS) score was equal to
or greater than 17 on admission; patients aged 18-60 years
old; fracture of the pelvis, spine, or extremities confirmed
by radiographic examination; patient who met the criteria
for moderate to severe hemorrhagic shock in the traumatic
hemorrhagic shock grading [9], blood loss between 1500-
2000 mL on admission, extensive fluid resuscitation and blood
transfusion more than 10 L before admission to hospitalization.
(2) Exclusion criteria: patients with pathological fracture;
pregnant women; patient who was complicated with malignant
neoplasms; patient who died within 1 h of admission; patient
who was complicated with cardiovascular disease, hyperten-
sion and other primary diseases. (3) Case information: The
78 patients with severe traumatic fractures complicated with
massive hemorrhage were equally divided into DCO group
and control group by a random number table method. In
DCO group, there were 22 males and 17 females, aged 23—
54 years, with an average age of 37.48 + 12.02 years. As for
fractures: there were 11 cases with open fractures, 28 cases
with closed fractures, 3 cases combined with head injury, 12
cases combined with chest and lung injury, 9 cases combined
with abdominal organ injury, 4 cases with major vascular
injury, 10 cases with skin and soft tissue injury, 7 cases with
upper limb fracture, 23 cases with femoral fracture, 8 cases
with thoracolumbar vertebral fracture, 7 cases with rib fracture,
and 8 cases with pelvic fracture; the ISS score on admission
was 17-34 points, with an average score of 22.78 + 4.15
points; the time from injury to admission was 0.5-3.1 h, with
an average of 1.78 £ 0.25 h. In control group, there were 25
males and 14 females, who aged 22-55 years, with an average
age of 38.26 & 11.74 years. As for fractures: there were
15 cases with open femoral fractures combined with pelvic
fractures, 15 cases with closed femoral fractures combined
with multiple rib fractures, 3 cases with femoral fractures
combined with ulnar fractures, 6 cases with multistage open
fracture of tibiofibular, 11 cases combined with chest and lung
injury, 7 cases combined with abdominal organ injury, and 2
cases combined with head injury; the ISS score at admission
was 17-35 points, with an average score of 23.05 £ 4.77
points; the time from injury to admission was 0.5-3.0 h, and
an average of 1.69 £+ 0.31 h. There were no statistically
significant differences regarding the general data between the
two groups (p > 0.05).

2.2 Methods

2.2.1 Treatment methods in control group

Patients in the control group were examined and treated ac-
cordance to an internationally recognized systematic procedure
Crash Plan [10], as follows: after the patient was admitted to
the hospital, physical conditions and vital signs were actively
evaluated by physician from traumatology department; periph-
eral venous blood was collected for detection; radiographic
examinations such as bedside X-ray and B ultrasound were ar-
ranged as soon as possible; repeated movement of patients was
avoided; electrocardiograph monitoring was performed and
intravenous channel was established; resuscitation treatment
was started as soon as possible; effective hemostasis was per-
formed; and the corresponding treatments were carried out by
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physicians from relevant departments if patient had abdominal
organ injury or chest and lung injuries. Subsequently, different
surgical methods were used to restore the anatomical structure
of the fracture end depending on the type of fracture.

2.2.2 Treatment methods in DCO group

Patients in the observation group were treated under the guid-
ance of DCO concept. (1) Control of primary injury: a.
Condition assessment and auxiliary examination: physical
condition and body status were quickly assessed by physician
from traumatology department. Blood routine test, bedside X-
ray examination and electrocardiograph monitoring were per-
formed, and 2 intravenous channels were established for rapid
fluid infusion; b. Injury-controlled fluid resuscitation: re-
strictive fluid resuscitation was achieved through intravenous
channels, and the speed of fluid infusion was controlled to
ensure that the patient’s SBP was maintained between 8§0-90
mmHg to prevent quick hemorrhage due to increased blood
pressure. Vasoactive substances were used to maintain ba-
sic blood pressure to ensure blood perfusion to important
organs; c. Priority handling for those requiring emergency
surgery: among the 3 cases combined with craniocerebral
injury, 1 was cerebral contusion laceration and 2 were intracra-
nial hematoma, which were subjected to trauma debridement
suturing and fenestration decompression. Among the 9 cases
combined with abdominal injuries, 3 were given splenectomy,
5 received liver repair, and 1 had bladder fistulation. Those
with combined hemopneumothorax underwent chest closure
drainage; d. Simple fixation of fractures: (a). In addition to
the temporary fixation of fractures by external fixing frames,
microsurgical techniques were used to repair damaged blood
vessels for open fractures, debridement was performed for
open wounds to avoid infection; (b). As for closed fractures:
gypsum fixation was preferentially given to fractures of upper
limbs. Skeletal traction was applied to fractures of lower
limbs, and thoracic band fixation was given to fractures of
ribs; Patient with thoracolumbar vertebral fractures was strictly
bedridden in hard bed and adopted axial turnovers; patient
with pelvic fractures were fixed with pelvic bands, external
fixations or pelvic C-clips at early stage. Skeletal traction
was used to prevent fracture displacement if necessary, and
those with large vascular injuries were given tamponade to
stop bleeding, and if necessary, vascular embolism was per-
formed. (2) ICU monitoring and support: after delivery to
the ICU, patient was ensured with unobstructed respiratory
tract. Abnormal conditions such as hypothermia, hypoxemia,
acidosis and anticoagulant abnormalities were corrected to
restore blood volume and maintain hemodynamic stability.
(3) Determination of surgery: after the patient’s physiological
functions were stably restored, different surgical treatment
measures were implemented according to the type of fracture.

2.2.3 Observational indexes

The time from admission to definitive surgery, blood trans-
fusion volume during treatment, orthopedic surgery duration,
total hospital stay, postoperative complications, and number of
death after treatment were compared between the two groups.

Patients were followed up for 68 months after discharge
from hospital and fracture healing was counted in both groups
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based on the X-ray of the patient’s follow-up diagnosis. In
particular, 6 to 8 months after operation, fracture without heal-
ing was judged if the X-ray showed: no new bone trabecula
was across the broken end; the fracture line was still obviously
visible; the medullary cavity was obstructed; the broken end
was hardened; there was callus hyperplasia or absence at the
fracture site. Fracture healing was judged if the X-ray showed:
the fracture line was blurred; there was a continuous callus
across the fracture line; the physical examination was normal
without tenderness and the local activity was good.

2.2.4 Statistics

SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) was used
for data analyses. Quantitative and enumeration data were
respectively represented as mean =+ standard deviation (¥ =+

s) and proportion (%) respectively. ¢ test for independent
samples was used for quantitative data and Chi-square test
was used for enumeration data. All quantitative data were
verified to be normally distributed by the normal distribution
and homogeneity of variance tests. A p value less than 0.05
was considered to be statistically significant.

3. Results

3.1 Comparison of time from admission to
definitive surgery between DCO and control
groups

The time from admission to definitive surgery was longer in
DCO group than that in control group, and the difference was
statistically significant (p < 0.05). As shown in Table 1.

TABLE 1. Comparison of time from admission to
definitive surgery between DCO and control groups
( £ s, h).

Group n Time from admission to
definitive surgery

DCO group 39 9.78 £2.15

Control group 39 5.46 £ 1.44

t 10.426

)4 <0.001

DCO: damage control orthopaedics.

3.2 Comparison of blood transfusion
volume between DCO and control groups

DCO group used less suspended red blood cells, fresh frozen
plasma and platelet compared with that in the control group,
and the difference was statistically significant (p < 0.05). As
shown in Table 2.

3.3 Comparison of orthopedic surgery
duration and total hospital stay between
DCO and control groups

The time of orthopedic surgery was similar between DCO and
control groups (p > 0.05). However, the total hospital stay
was shorter in DCO group than that in control group, and the
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difference was statistically significant (p < 0.05). As shown
in Table 3.

3.4 Comparison of postoperative
complications between DCO and control
groups

The rate of postoperative complications, including postopera-
tive infection, acute respiratory distress syndrome and multiple
organ failure, was lower in DCO group than that in control
group, and the difference was statistically significant (p <
0.05). As shown in Table 4.

3.5 Comparison of mortality between DCO
and control groups

The rate of mortality was lower in DCO group than that in the
control group, and the difference was statistically significant
(p < 0.05). As shown in Table 5.

3.6 Comparison of fracture healing between
the two groups

The patients were followed up for 6-8 months, with average
of (6.87 + 1.15) months. The results showed that the fracture
healing rate in DCO group was higher than that in control
group, and the difference was statistically significant (p <
0.05). As shown in Table 6.

4. Discussion

High incidence of hemorrhagic shock and infection is ob-
served in patients with severe traumatic fractures combined
with heavy bleeding. These patients exhibit severe body stress
response, multiple complications, and a high risk of death
in the later stage [11-14]. Severe traumatic fractures with
heavy bleeding are mostly caused by high-energy injuries, and
fractures are often combined with organ injuries, soft tissue
injuries, head damage, efc. Due to the different severity of
injuries in different parts of the body, it is easy dwell on triv-
ialities during the treatment progress, leading to compromised
prognosis [15—17]. How to properly arrange the treatment
process and improve the treatment outcome is the focus of
current research in patients with severe traumatic fractures
combined with massive bleeding.

In the past, definitive surgery was usually initiated after
assessing the patient’s injuries, aggressive volume expansion,
and treatment of serious complications in the abdomen, chest,
lung and head to restore the normal anatomical structure of the
fracture end. However, the removal of tissues and periosteum
during surgery could further reduce the patient’s blood volume,
enhance the body’s stress response, bringing about problems
such as decreased body temperature and coagulation dysfunc-
tion, resulting in acidosis and even a “fatal triad”, ultimately
increasing the risk of death [18-21].

Based on the DCO concept, a phased intervention was
implemented. First, the patient’s condition was effectively
evaluated, followed by immediate damage control fluid re-
suscitation (DCR). DCR allows for hypotension resuscitation,
which can prevent hemodilution and increased blood pressure
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TABLE 2. Comparison of blood transfusion volume between DCO and control groups (z =+ s).

Group n Suspended red blood cells (U) Fresh frozen plasma (mL) Platelet (U)
DCO group 39 1445 +£2.17 921.15 £+ 96.58 543 +1.17
Control group 39 16.74 £ 2.26 1201.43 4+ 105.98 7.89 £+ 2.05
t 4.545 12.270 6.509
p <0.001 <0.001 <0.001

DCO: damage control orthopaedics.

TABLE 3. Comparison of orthopedic surgery duration and total hospital stay between DCO and control groups

(T £+ s).
Group n Time of orthopedic surgery (min) Total hospital stay (d)
DCO group 39 278.45 + 23.69 28.15 +£2.48
Control group 39 281.89 +£ 26.11 33.42 +3.15
t 0.609 8.209
P 0.544 <0.001

DCO: damage control orthopaedics.

TABLE 4. Comparison of postoperative complications between DCO and control groups (n, %).

Group n Postoperative Acute respiratory Multiple organ failure Total
infection distress syndrome (MOF)
(ARDS)
DCO group 39 2 (5.13) 1 (2.56) 1 (2.56) 4 (10.26)
Control group 39 6 (15.38) 3(7.69) 2 (5.13) 11 (28.21)
X2 — - - 4.044
P - - - 0.044

DCO: damage control orthopaedics.

TABLE 5. Comparison of mortality between DCO and
control groups (n, %).

Group n Number of death
DCO group 39 1(2.56)
Control group 39 8(20.51)

X2 4.522

P 0.033*

Note: *p represents Chi-square test for continuous
correction. DCO: damage control orthopaedics.

TABLE 6. Comparison of fracture healing between the
two groups (n, %).

Group n Fracture healing
DCO group 38 38 (100.00)
Control group 31 26 (83.87)
X2 4.426

)4 0.035*

Note: *p represents Chi-square test for continuous
correction. DCO: damage control orthopaedics.

due to rapid fluid resuscitation and exacerbation of bleeding
due to thrombotic destruction. It can also correct hypothermia
and metabolic acidosis, and then restores blood perfusion and
oxygen supply to vital organs and improves microcirculatory
disorders, thereby correcting hemorrhagic shock [22-25]. In
addition, DCO then treats head injuries and abdominal injuries
that require emergency surgery, provides simple fixation of the
fracture site, and then arranges the patient to the ICU to further
correct hypothermia, hypoxemia, acidosis and coagulation ab-
normalities, efc., thereby ensuring a stable recovery of vital
signs. Finally, definitive surgical treatment was performed
after the patient’s condition was relatively stable.

This study found that the DCO group spent significantly
longer time than the control group from admission to con-
firmation of surgery, but the amount of suspended red blood
cells, fresh frozen plasma and platelets during treatment was
less than that in the control group, suggesting that the DCO
concept could guide fluid recovery more accurately. Addition-
ally, the DCO group showed a shorter total length of hospital
stay, fewer postoperative infections, and a lower incidence
of postoperative complications such as ARDS and MOF than
those of the control group. In the DCO group, only one patient
died after postoperative treatment failure and the cause of
death was ARDS, compared to a total of 8 patients died in the
control group, indicating that DCO significantly reduced late
mortality and improved the therapeutic safety in patients with
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severe traumatic fractures complicated by massive bleeding.
This is related to the staged therapeutic intervention of DCO
for patients, which allows for the accurate implementation
of appropriate treatment according to the patient’s condition.
The implementation of definitive surgery enhances the body’s
tolerance to surgery and reduces the risk of surgery while
ensuring the stability of vital signs [26—28].

Fracture healing requires the cooperation of all systems of
the body, and blood supply is an important factor in determin-
ing the healing of fractures in patients. Studies have shown
that hemorrhagic shock will delay the early healing of fractures
[29, 30]. In this study, the postoperative fracture healing rate of
the DCO group was higher than that of the control group, which
may be related to the fact that DCO can effectively restore the
body’s blood flow perfusion and ensure the healing effect of
the fracture in the later stage.

5. Conclusions

Taken together, the concept of DCO can properly guide the
treatment of severe traumatic fractures complicated by massive
hemorrhage, and improve the therapeutic safety, reduce the
incidence of postoperative complications and mortality, as well
as improve the patient’s late fracture healing.
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