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Application of rib surface positioning ruler combined
with volumetric CT measurement technique in endoscopic
minimally invasive thoracic wall fixation surgery
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Abstract. Application value of rib surface positioning ruler
combined with volumetric CT measurement in selection of the
incision for minimally invasive internal fixation of rib fracture
was investigated. A total of 80 patients who received internal
fixation of rib fractures in Tianjin Hospital Affiliated to Tianjin
University (Tianjin, China) from May 2018 to April 2019
were selected. Patients were treated with the rib surface
positioning ruler combined with volumetric CT measurement
method (n=42) or traditional positioning method (n=38). The
following parameters were compared between the two groups:
Preset incision accuracy, operation incision length, operation
time, intraoperative bleeding volume, postoperative wound
drainage volume and postoperative pain score. Compared with
the traditional positioning method, rib surface positioning
ruler combined with volumetric CT measurement method
can improve preset incision accuracy, reduce operation time,
incision length, intraoperative bleeding volume, postoperative
wound drainage volume, and postoperative pain score, with
statistically significant differences (P<0.05). In conclusion,
the application of rib surface positioning ruler combined with
volumetric CT measurement technique has obvious effect on
the selection of incision for internal fixation of rib fracture,
and is an effective method worth promoting.
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Introduction

Chest trauma is the second leading cause of trauma-related
deaths, accounting for 20-25% of all trauma-related
deaths (1). Multiple rib fractures, especially in patients with
flail chest, are often accompanied by severe pain, chest wall
softening, abnormal breathing and severe lung contusion.
As multiple rib fractures may easily lead to respiratory
failure and even threaten life, thoracic surgery is often
required. The surgical treatment of patients with flail chest
and >4 consecutive dislocated rib fractures has achieved
satisfactory results (2-5). Since the ribs are flat bones in
long arc shape, the surface area of the chest is large, and the
operation involves multiple ribs, a large incision is required
to obtain a satisfactory exposure of the surgical field. Some
chest wall muscles, blood vessels and nerves are often
injured during operation, resulting in increased infection
rate of the incision after operation, which easily leads to
dysfunction and skin numbness on the lateral chest wall.
The improvement of operation incision accuracy can reduce
the injury to chest wall muscles, peripheral blood vessels
and nerves, save operation time, reduce postoperative pain,
and accelerate the recovery of patients. Therefore, deter-
mining the incision before operation is very important. In
the present study, 80 patients with rib fracture treated by
internal fixation in Tianjin Hospital Affiliated to Tianjin
University (Tianjin, China) from May 2018 to April 2019
were selected and divided into two groups. The patients in
the two groups were treated following different methods of
rib positioning before operation. The clinical value of using
rib surface positioning ruler (National Patent Application,
patent no. 201920 189426.4) (6) combined with volumetric
CT measurement technique to determine the operative
incision was investigated.

Patients and methods
Clinical information. A total of 80 patients who received

internal fixation of rib fractures in Tianjin Hospital Affiliated
to Tianjin University from May 2018 to April 2019 were
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selected as research subjects, including 47 males and
33 females. Patients were 25-73 years of age, with an average
age of 44.5 years. There were 48 patients injured in traffic
accidents, 17 patients injured after falling from high places,
9 patients injured from falls, and 6 patients with severe crush
injuries. All patients had multiple rib fractures (=4 with
dislocation of the broken ends) and pulmonary contusion after
injury. Among them, 51 patients had flail chest or local chest
wall deformity. The patients were divided into two groups,
the experimental and the control group. In the experimental
group, 42 patients were treated with rib surface positioning
ruler combined with CT measurement method. In the control
group, 38 patients were treated with traditional positioning
method. There was no significant difference in clinical data
between the two groups, as shown in Table 1.

Indications and timing for operation. Operation for multiple
rib fractures with dislocation of =4 broken ends should be
performed 2-5 days after injury. Patients with multiple injuries
should receive surgical treatment after their general condition
was stable, but no more than >7 days. Patients with severe
abnormal breathing and flail chest should be treated surgically
1n time.

Operation incision position. The position of the operation
incision should first meet the needs of surgery, and then ensure
that the operation is minimally invasive. Operation inci-
sion based on traditional positioning and on the method of
rib surface positioning ruler combined with volumetric CT
measurement was explored. Traditional positioning group:
Combined with three-dimensional (3D) CT imaging and chest
wall contusion marks, transverse or longitudinal incision was
made along the ribs. Method of rib surface positioning ruler:
Before operation, the surface distance between the fracture
plane of the ribs and the surface sign plane of the chest was
measured as the longitudinal coordinate in the fusion CT
image system (the distance between the anterior ribs and the
sternum angle plane, the distance between the posterior ribs
and the body spinous process of the cervical 7 vertebrae). The
surface distance between the fracture lines of the ribs and
the midline of the human body was measured as the transverse
coordinate (the midline of the sternum or spinous process of
the spine) (Fig. 1). The frame surface positioning ruler was
used to determine the ordinate. The ‘0’ scale corresponds to
the sternal angle plane or the cervical 7 vertebral body spinous
process plane, the slide slips to the longitudinal coordinate
value; then, the ulna was pulled horizontally, and the sternal
midline or spinal spinous process was taken as the ‘0’ scale to
locate the transverse coordinate value. The line-drawing pen
was used to mark the surface position of the broken end of the
fracture of the ribs (Fig. 2).

Operation method. All patients underwent transosseous
thoracic tunnel-type endoscopic internal fixation of ribs (7).
Pure titanium rib bone plate was used as the fixation mate-
rial. The specific surgical procedure was as follows: Single
cavity intubation was performed under general anesthesia.
According to the location and number of ribs fractured,
the patient's surgical position (such as, the hypothesis, the
prone position, left and right lateral position) was designed.
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Table I. Comparison of general information between the two
groups of patients.

No.of  No. of fixed

fixed plates
Group Male/female bones used
Experimental group 25/17 496+1.18 5.02+1.02
Control group 22/16 476x1.04 5.08+1.16
t/y? 0.042 0.568 0412
P-value 0.812 0.572 0.658

Figure 1. Volumetric CT technique measures various effective parameters on
the body surface positioning of the fracture. (A) Curvilinear distance from
the broken end of the posterior rib to the spinous process. (B) Curvilinear
distance from the broken end of the side frame to the spinous process.
(C) Curvilinear distance from the broken end of the fracture to the sternal
angle.

Figure 2. Body surface positioning ruler was used to mark the rib fracture on
the body surface. (A) Measurement of the distance from the broken posterior
rib end to the center of the sternum. (B) Measurement of the distance from
the broken side fore rib end to the center of the sternum. (C) Body surface
identification of the broken end of the fracture. (D) Body surface range of
bony thoracic surface tunnel.

The surface position was located through the combined use
of frame body positioning ruler and marked volumetric
CT measurement data, and the location of incision was
identified according to the surface position and the fracture
position of chest wall muscles anatomical distribution.
General center of the juggle multiple fractured ribs and
chest wall muscle clearance (commonly used approaches:
Pectoralis major approach, lower marginal mammary
approach, auscultation triangle approach, vertical spinal
muscle lateral approach, axillary approach) were taken into
consideration. Incision could be transverse, longitudinal or
oblique, fully free of subcutaneous and muscle layers. The
incision should be made along the muscle gap and muscle
texture to the surface of the bone thorax, avoiding breaking
the muscle, cutting off part of the muscle attachment
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Table II. Accuracy of preset incision in the two groups.

Accurate Inaccurate
Group Cases prediction prediction
Experimental group 42 39 3
Control group 38 30 8

Compared with the control group, the accuracy of the preset inci-
sion was significantly increased in the experimental group (x>=4.820,
P=0.027).

Table III. Comparison of operation time and incision length
between the two groups.

Operation Length of operation
Group time (min) incision (cm)
Experimental group 53.26+9.32 6.25+1.02
Control group 70.50+11.01 10.23+1.35
P-value 0.003 0.017

Table IV. Comparison of intraoperative bleeding volume and
postoperative wound drainage volume between the two groups.

Bleeding Wound drainage
Group volume (ml) volume (ml)
Experimental group 20.17+£10.43 45.72+7.21
Control group 40.58+12.15 65.35+14.13
P-value 0.001 0.002

points along the surface of the bone thorax, and using a
special intrathoracic wall extension surgical instrument to
support the muscle thorax in the direction perpendicular to
the bone thorax, so as to separate the skeletal thorax and
muscle thorax. Using this space, thoracoscopy was used
to free the necessary muscle chest, forming a temporary
tunnel in the chest wall. After the fracture in the distance
of the tunnel was reset, a rib fixing plate was required to be
buckled on both sides of the rib fracture of the anatomical
reduction along the running direction of the rib, and the
rib fixing plate was fixed on the broken-end surface of the
fracture by using a special clamp.

Observation indices. The preset incision accuracy, inci-
sion length, operation time, intraoperative bleeding volume,
postoperative wound drainage volume and postoperative pain
score were recorded and compared between the two groups.

Statistical analysis. SPSS 19.0 software (IBM Corp.) was used
for statistical analysis of the data. The results were expressed
as the mean =+ standard deviation (SD). VAS score, intraopera-
tive bleeding volume, postoperative wound drainage volume,
operation time and incision length were analyzed by t-test,
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whereas Chi-square test was used for the accuracy of preset
incision. P<0.05 was considered to indicate a statistically
significant difference.

Results

Postoperative pain was significantly reduced in patients who
underwent transosseous thoracic tunneling internal fixation,
and the difference between the two groups was statistically
significant (P<0.05). In the experimental group, the accuracy
of the preset incision was significantly increased (Table II),
and the operation time, incision length (Table III), intra-
operative bleeding volume, postoperative wound drainage
volume (Table IV) and postoperative pain score (Table V)
were significantly reduced, compared with those on the
control group. The differences were statistically significant
(Tables II-V).

Discussion

Multiple rib fractures often occur in chest injuries, accom-
panied by local pain and limited breathing. When flail chest
is present, patients may exhibit abnormal breathing move-
ments, which may lead to circulatory dysfunction, acute
respiratory distress syndrome, or multiple organ failure.
Therefore, fixing rib fractures in chest injuries is neces-
sary (8-12). For multiple rib fractures, methods such as chest
band compression external fixation and ventilator-assisted
breathing, were used in the past to improve the condition of
chest wall collapse and abnormal breathing to some extent.
Currently, with the development of medical technology and
the emergency of new internal fixation materials (13,14),
the treatment of multiple rib fractures by internal rib
fixation has become an industry consensus. Internal rib
fixation surgery can relieve patients' pain and reduce the
related complications, speed the recovery of the patients,
and improve the prognosis of patients. Due to the progress
made on surgical techniques, including the clinical appli-
cation of 3D printing and the emergence of new operation
materials, especially the fracture fixation material, surgery
is becoming minimally invasive, leading to the reduction
of surgical complications (15-17) and requiring accurate
positioning of the incision. Some studies have analyzed the
problem of surgical approach, but the incision site cannot be
accurately positioned yet (18).

Currently, patients with rib fractures usually receive 3D
CT examination of the ribs for a clear diagnosis of the contra-
position of fracture ends. In the traditional rib-positioning
method, the surgeon determines the operation incision of the
patient relying on his own 3D interpretation through 3D CT
imaging of the ribs before surgery, which usually has some
errors. Some experts have tried thoracoscopy (VATS) to
locate the fractured end of rib fractures; however, this opera-
tion requires the insert of the scope tube into the chest cavity,
breaking the integrity of the pleural cavity. The surgical path
in order to fix the ribs is through the rib cage, rather than
through the bony extrathoracic tunnel path, causing heavy
damage. Clinical practice confirms that severely misplaced
rib fractures are difficult to fix with ribs in the thorax. In
addition, there are few options for fixing materials. Therefore,
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Table V. Comparison of VAS scores before and after operation.
Time Experimental group Control group t P-value
Before operation 7.32+1.05 7.35+£1.04 -1.132 0.173
1 day after operation 3.75+1.12 4.75+1.05 1.022 0.003
3 days after operation 3.53+1.07 397+1.13 1.017 0.002

Figure 3. Minimally invasive surgical incision after application of the body
surface positioning ruler. (A) Minimally invasive incision in anterior chest
wall. (B) Minimally invasive incision in posterior thoracic wall.

it is difficult to promote in clinical practice. B-ultrasound
positioning of rib fractures before surgery may cause severe
pain. Moreover, the surgeon is important to have certain
experience in B-ultrasonic operation, and it is difficult to
locate a fracture with minor displacement. According to a
cross-sectional study (19) on the evaluation of 61 patients
with rib fractures, B-ultrasound is more sensitive than X-rays
and requires less time to diagnose. Because of the anatomical
characteristics of the ribs and the large surface area of the
chest wall, it is very important to determine the incision
of internal fixation of rib fracture. Accurately selecting the
incision can make the surgery minimally invasive, reduce
the injury of chest wall muscles, the damage to peripheral
blood vessels and nerves, the operation time and the post-
operative pain, and accelerate the recovery of patients. The
application of the rib surface positioning ruler combined
with the CT measurement technique can more accurately
determine the surface position of the rib fracture and preset
the operation incision (Figs. 3 and 4). Although the change
of posture may cause some errors, compared with the tradi-
tional rib-positioning method, it still has obvious advantages,
which can make the operation more smooth and lead to fewer
postoperative complications.

In summary, in the surgical treatment of multiple rib
fractures, the preoperative use of rib surface positioning ruler
combined with volumetric CT measurement and positioning
method to preset the operation incision, can reduce the length
of operation incision, the operation time, the postoperative
pain of patients, and the incidence of related complications,

Figure 4. Comparison of the ribs before and after treatment.

suggesting that this method is worthy of wide promotion in
clinical practice.
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