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Evaluation of the clinical efficacy of 3D Printing
technology assisted surgery combined with early
postoperative comprehensive rehabilitation in
the treatment of Senile Intertrochanteric Fractures
Ye Zhao', Yong-hui Liu?, Shu-ge Mao’, Xin-xin Zhang*

ABSTRACT

Objectives: To observe the clinical value of 3D printing technology assisted surgery combined with early
postoperative comprehensive rehabilitation in elderly patients with intertrochanteric fractures.
Methods: Sixty elderly patients with intertrochanteric fractures of the femur who were treated in our
hospital from January 2018 to January 2020 were selected and randomly divided into two groups. In
the experimental group, 3D printing technology assisted surgery combined with early postoperative
comprehensive rehabilitation was used for treatment. While in the control group, traditional open
reduction and dynamic hip screw internal fixation combined with postoperative conventional treatment
was utilized. The duration of surgery, intraoperative blood loss, postoperative hospital stay, weight
bearing time, fracture healing time and other surgical indicators were recorded respectively, and hip joint
function recovery was evaluated prior to and 2 weeks after surgery. All patients were followed up for six
months to observe the occurrence of complications within half a year, including deep vein thrombosis,
incision infection, avascular necrosis of femoral head, hip joint stiffness, delayed fracture healing, etc.
Subsequently, the differences in postoperative complications between the two groups were compared and
analyzed.

Results: The operation time, blood loss, postoperative hospital stay, weight bearing time and fracture
healing time of the experimental group were better than those of the control group, and the difference
was statistically significant (p<0.05). After treatment, the hip joint function of the experimental group was
significantly improved compared with the control group, with a statistically significant difference(p=0.03).
The incidence of operative complications in the experimental group was 10% (3/30) within six months
postoperatively, significantly lower than the 33% (10/30) in the control group, with statistical significance
(p=0.03).

Conclusion: 3D printing with early rehab proved to be effective treatment in our study. Such a combined
treatment has the advantages of precise operative reduction, fast postoperative recovery, and certain
safety and effectiveness.
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Patients  suffering from  intertrochanteric
fractures are in a dangerous condition and
need to be actively treated with surgery-based
comprehensive treatment, otherwise, their
quality of life will be severely affected or even
their lives will be threatened.®* The accurate
surgical reduction is the key to the success of
treatment, but certain benefits will be brought
about by postoperative comprehensive treatment
to improve patients’ quality of life.*

3D printing technology is an emerging surgical
method applied in clinical operations in recent
years. Stereoscopic models can be printed out
by preoperative CT, MRI and other technology
imaging as well as later computer 3D imaging, so
that the type and location of fracture can be more
accurately evaluated, and an intuitive physical
model can be provided for formulating a more
detailed plan for surgery.® 3D printing technology
is conducive to precise surgical reduction by
virtue of the above-mentioned performance
and advantages. It has been reported that the
application of 3D models in orthopedic surgery
can benefit patients by reducing surgery time and
blood loss.® Establishing a 3D model of the spine
for patients with spinal deformity before surgery
can help reduce the operation time, reduce the
radiation exposure to the patient during the
operation, and improve the overall surgical
outcome.” The concept of early postoperative
comprehensive rehabilitation exerts its unique role
in reducing the psychological and physiological
stress trauma of patients, and significantly
promoting the recovery of motor function and
rehabilitation quality of patients.?

This study aims to explore the application value
of 3D printing technology combined with early
comprehensive rehabilitation treatment for elderly
patients with femoral intertrochanteric fracture
surgery. The specific research details are now
reported as follows.

METHODS

A total of sixty elderly patients with

intertrochanteric fractures of the femur who were
treated in our hospital from January 2018 to January
2020 were selected.
Ethical approval: The study was approved by
the Institutional Ethics Committee of Luoyang
Orthopedic-Traumatological Hospital of Henan
Province(Henan Provincial Orthopedic Hospital)
(N0.2018-09), and written informed consent was
obtained from all participants.
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Inclusion criteria: (1) Patients aged > 60 years;
(2) Patients diagnosed with an intertrochanteric
fracture after preoperative imaging examination;’
(3) Patients without local trauma or local bone-
related diseases in the past; (4) Be voluntarily
recruited to the research and sign the consent form;
(5) No obvious mental disorder, able to cooperate in
completing the research work.

Exclusion criteria: (1) Combined with other
fractures; (2) Patients with severe mental disorders
who cannot cooperate to complete the research; (3)
Patients with other severe underlying diseases that
cannot be corrected and who are unable to tolerate
surgery. sixty patients were randomly divided
into two groups with 30 patients in each group. In
the experimental group, 3D printing technology
assisted surgery combined with early postoperative
comprehensive rehabilitation was used for
treatment. While in the control group, traditional
open reduction and dynamic hip screw internal
fixation combined with postoperative conventional
treatment was used. 16 females and 14 males were
enrolled in the experimental group, aged 60 - 75
years, with an average age of 67.69+4.27 years
old. 18 females and 12 males were enrolled in the
control group, aged 63 - 73 years, with an average
age of 68.5813.41 years old. There was no significant
difference in general information between the two
groups (p>0.05), which were comparable (Table-I).
Surgical Method: Traditional open reduction and
dynamic hip screw internal fixation was used in
the control group: patients were given epidural
anesthesia or general anesthesia. After the anesthesia
was successful, the patient was placed ina horizontal
position with a thin pillow under the buttock of the
affected side, and routine disinfection and draping
were carried out. An incision about 15cm long was
made at the top of the femoral greater trochanter
on the affected side. The skin, subcutaneous tissue
and bluntly separated muscle layer were incised
layer by layer to fully expose the greater trochanter
and lateral aspect of proximal femur The fracture
was then reduced under direct vision, and traction
was maintained after satisfactory reduction. Under
the C-arm fluoroscopy, the guide pin was inserted
2.5 cm below the greater trochanter on the outside
of the femur. After the guide pin was confirmed to
be located in the middle of the femoral neck and
head, the length of the guide pin was measured,
the holes were reamed along the guide pin, and
the steel plates and screws were placed and fixed
under pressure. Finally, the wound was cleaned
with sterile saline and sutured layer by layer.
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Table-I: Comparative analysis of general information of the two groups (X£S) n=30.

Indicators Experimental group Control group e |4
Male (%) 14(47%) 12(40%) 031 0.66
Female (%) 16(53%) 18(60%) 0.27 0.60
Mean Age 67.69+4.27 68.58+3.41 0.89 0.38
p>0.05.
3D printing technology assisted surgical was evaluated before and 2 weeks after surgery

reduction: 3D printing technology assisted surgical
reduction was applied in the experimental group
for reduction. Patients were scanned by CT or
MRI at the fracture site before surgery, and the
scanning data were input into imaging processing
software for processing, and an equal-proportion
intertrochanteric fracture model was made by
3D printing technology. The specific scheme of
fracture reduction was designed by surgeons based
on the model, and the surgical simulation exercise
was carried out by using 3D printing entities.
After the simulation matured, the surgery of the
experimental group was carried out according to
the surgical scheme of the control group.

Early comprehensive rehabilitation: Patients in the
control group were given routine treatment post-
operatively, including sedation, pain relief, nutri-
tion treatment and rehabilitation exercise. Patients
in the experimental group were given early post-
operative comprehensive rehabilitation treatment,
and an individualized comprehensive rehabilita-
tion scheme was formulated for different patients.
The following contents are covered in the scheme:
(1) Early start of isometric contraction training of
lower limb muscles. (2) Early implementation of
active and passive activities such as hip joint, knee
joint and ankle joint of the affected side; (3) Active
and passive stretching of soft tissues such as liga-
ments, tendons and muscles around the affected
side of the hip joint under the condition that the in-
ternal fixation is stable and not displaced, with the
force of the stretching controlled according to the
patient’s tolerance. (4) Strengthening of physical
rehabilitation therapy, such as low and medium
frequency electrical stimulation, lower extremity
air pressure therapy to promote blood circulation.
Observation  indicator  Surgical  indicator:
(1) Differences in the duration of surgery,
intraoperative blood loss, postoperative hospital
stay, weight bearing time, fracture healing time and
other surgical indicators between the two groups
were recorded separately. (1) The hip joint function
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and the recovery of hip joint function before and
after surgery was analyzed. The Harris Hip Joint
Function Scale was adopted for the hip function
score.”® On a 100-point scale, a score of 90 points
or more is considered as an excellent outcome;
80-89 points, a good outcome; 70-79 points, a fair
outcome; and 70 points or less, a poor outcome.
Complication indicator: The complications of
the two groups within six months were recorded
respectively, including deep vein thrombosis,
incision infection, avascular necrosis of the
femoral head, hip joint stiffness, delayed fracture
healing, etc. Subsequently, the differences in
postoperative complications between the two
groups were compared and analyzed. The follow-
up work of all patients was completed by the
same group of surgeons.

Statistical analysis: All the data were statistically
analyzed by SPSS 20.0 software, and the
measurement data were expressed as (Xts). The
data between the experimental group and the control
group were analyzed by an independent sample
t-test, while the data of the experimental group and
the control group before and after treatment were
analyzed by paired t-test, and the comparison of the
rate was conducted by the chi-square test. P<0.05
indicates a statistically significant difference.

RESULTS

As indicated by the comparison of surgery con-
ditions between the two groups, the experimental
group was superior to the control group in terms
of duration of surgery, blood loss, postoperative
hospital stay, weight bearing time and fracture
healing time, with statistically significant differ-
ences (duration of surgery, blood loss, weight
bearing time and fracture healing time, p=0.00;
postoperative hospital stay, p=0.03) (Table-II).

The comparison of hip joint function scores
(Harris scores) between the two groups before and
after treatment is shown in Table-III. There were
no significant differences in Harris scores between
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Table-II: Comparative analysis of the two groups of surgery (X*S) n=30

Duration of Postoperative Weight bearing Fracture healing
Group surgery (min) Blood loss (iml) hospital stay (d) time (d) time (weeks)
Experimental group 74.34+15.26 165.31+24.34 16.86+4.73 53.23+3.27 11.35+2.16
Control group 124.76+13.12 277.35£15.82 20.17£6.53 67.49+7.63 15.58+1.44
t 13.72 21.14 225 9.41 8.92
P 0.00 0.00 0.03 0.00 0.00

p<0.05.

the experimental group and the control group
before treatment. After 2 weeks of treatment,
Harris scores of the two groups significantly
improved compared with that before treatment
(p=0.00), and that of the experimental group was
significantly higher than that of the control group,
with a statistically significant difference (p=0.03).
As indicated by the comparison of postoperative
complications between the two groups within half
a year, there were one case of incision infection
and two cases of delayed fracture healing in the
experimental group, withacomplicationrate of 10%
(3/30). While in the control group, the incidence
of surgical complications was 33% (10/30). No
serious complications occurred between the two

groups. The incidence of complications in the
experimental group was significantly lower than
that in the control group (p=0.03).

DISCUSSION

Clinically, the incidence of intertrochanteric
fractures is relatively high, mostly in middle-aged
and elderly people. Middle-aged and elderly people
are at risk of osteoporosis and may suffer from
intertrochanteric fractures due to accidental falls
or bumps, some of which are not exposed to great
external forces.” With the increasingly serious aging
of the population, the incidence rate is increasing
year by year.! The higher disability rate is caused
by intertrochanteric fractures, so that the quality of

Table-III: Comparative analysis of hip joint function scores
between the two groups before and after surgery (X+S) n=30.

Before treatment After treatment t p
Experimental group 63.32+7.83 83.44+12.35 7.54 0.00
Control group 65.18+8.43 76.79£10.68 4.67 0.00
t 0.89 2.23
P 0.38 0.03
p<0.05.

Table-IV: Comparative analysis of the incidence of complications between the two groups (X+S) n=30.

iy Femoral . Delayed
. Deep venous Incision Joint
Indicators . : ) head . fracture Total
thrombosis infection . stiffness X
necrosis healing
Experimental group 0 1 0 0 2 3(10%)
Control group 1 1 0 6 2 10(33%)
X2 4.36
P 0.03
p<0.05.
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life of patients is seriously affected and the survival
rate is greatly reduced.”? Despite a relatively
abundant intertrochanteric blood circulation and
easier healing after treatment, serious pathological
consequences may be caused to patients due to
unsatisfactory reduction and healing.™

It is believed by research conducted by Lv et
al that traditional technology is not particularly
reliable. Accurate sample production and reliable
quantitative analysis of trabeculae between
individuals can be realized with the aid of
computer tomography and 3D equipment, thus
providing a more objective method for better
anatomical reduction.’* Preoperative evaluation
and pre-surgical operation using the 3D printing
model® is conducive to confirming the sequence
of reduction and fixation, determining the quality
of reduction, shortening the duration of surgery
and minimizing the difficulty of surgery.'¢ It is also
believed by Chen et al. that the pre-experiment
of the 3D printing template is conducive to the
accurate placement of the intramedullary needle
during surgery.”” It can be concluded from our
research that the experimental group is superior to
the control group in terms of duration of surgery,
blood lossand postoperative hospital stay (duration
of surgery, blood loss, p=0.00; postoperative
hospital stay, p=0.03) with the aid of 3D printing
technology assisted surgery. The hip function
score of the experimental group was significantly
better than that of the control group (p=0.03),
suggesting that the preoperative examination and
preoperative imaging preparation were slightly
complicated due to the integration of 3D printing
technology, but the quality of surgery was
significantly improved compared with traditional
surgery.

Fast-track surgery (FIS) was first proposed by a
Danish anesthesiologist Dr. Henrik Kehlet in 2001,
with the main point of its implementation being
the application of optimized measures proven by
evidence-based medicine in the perioperative period
to reduce surgical stress response and postoperative
complications.” A variety of perioperative nursing
measures and other interventions are also included
in FTS, which can shorten the length of stay, reduce
the cost of hospitalization, and promote the rapid
recovery of patients. Quite a few pieces of pieces of
evidence have shown that the length of hospital stay
can be significantly shortened and the satisfaction
of patients with postoperative complications can
be improved via the widespread application of
FTS® FTS concept, compared with traditional
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perioperative measures, has its application in
surgery to significantly enhance the recovery ability
of various organs and functions of patients.” It is
believed by Mingli et al., that the average Harris hip
score of preoperative and postoperative patients
was 85 and 47 respectively after the application
of the FTIS concept and traditional surgical
postoperative care, with an excellent rate of 82.7%.%
It was shown in our research that the patients who
applied the individualized FTS concept in the early
postoperative period recovered significantly faster
than the control group, and the weight bearing time
and fracture healing time were shorter than the
control group, with a significant difference (p =0.00).
At the same time, the incidence of postoperative
complications was significantly lower than that of
the control group (p=0.03), especially in deep vein
thrombosis and joint stiffness.

Limitations of the study: The shortcomings
of this research lie in that the long-term effects
cannot be objectively evaluated owing to the
small number of patients and the short follow-
up time. In addition, for certain indicators such
as fracture healing time, weight bearing time
and hip function recovery, it has not been clearly
distinguished and elaborated whether the above-
mentioned changes are caused by the guiding
significance of 3D printing in the surgery or
by the implementation of early postoperative
rehabilitation surgical measures, or whether an
equally important role is played by both.

CONCLUSIONS

To sum up, 3D printing with early rehab proved
to be effective treatment in our study. Such a
combined treatment has the advantages of precise
surgical reduction, fast postoperative recovery,
and certain safety and effectiveness.

Future  Recommendations: ~ Countermeasures
are being taken to further accumulate patient
information, increase the sample size, extend
the follow-up time, and carry out more stringent
experimental design, so as to make up for the above
shortcomings and be more conducive to guiding
clinical practice.
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