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Objective: The incidence of hip fracture in the elderly is increasing. Robot navigation technology has the advantages of minimally
invasive and accurate. To explore the difference between the clinical effects of proximal femoral anti-rotation intramedullary nail
(PFNA) assisted by robot navigation in the treatment of femoral intertrochanteric fracture and traditional PFNA in the treatment of
femoral intertrochanteric fracture in the elderly; analyze the advantages and feasibility of PFNA assisted by robot navigation in the
treatment of femoral intertrochanteric fracture in the elderly.

Patients and Methods: From February 2021 to October 2022, the elderly (>65 years old) with femoral intertrochanteric fracture
underwent surgery in our center. Divided the patients included in the study into 2 groups based on the surgical method. The surgical
method of robot group was PFNA fixation assisted by robot navigation, while the surgical method of traditional group was classic
PFNA fixation, Baseline data (general condition, Evans classification, time from injury to operation, preoperative hemoglobin) and
observation indicators (intraoperative bleeding, operation time, the length of incision for mail nail insertion, postoperative hemoglobin
drop, blood transfusion rate and the Harris score of hip joint 1 year after operation) of the two groups were collected to compare
whether there were differences between the two groups.

Results: There was no statistical difference in baseline data between the two groups (P>0.05). The intraoperative bleeding in the robot
group was 68.17+£10.66 mL, the intraoperative bleeding in the traditional group was 174+8.11mL (P<0.001). The operation time in the
robot group was 68.81 + 6.89 min, in the traditional group, the operation time was 76.94 + 8.18 min (P<0.001). The length of incision
for mail nail insertion in the robot group was 3.53 + 0.63 cm, the length of the incision for mail nail insertion in the traditional group
was 4.23 £ 0.71 cm (P<0.001). 5 patients (13.9%) in the robot group received blood transfusion treatment, and 13 patients (36.1%) in
the traditional group received blood transfusion treatment (P=0.029). The hemoglobin in the robot group decreased by 14.81 + 3.27 g/l
after operation compared with that before operation, while that in the traditional group decreased by 16.69 + 3.32 g/ (P=0.018). The
Harris score of the hip joint of the affected limb in the robot group was excellent in 25 cases, good in 8 cases and poor in 3 cases
one year after the operation; In the traditional group, Harris scores were excellent in 18 cases, good in 11 cases and poor in 7 cases
(P=0.021).

Conclusion: PFNA fixation of femoral intertrochanteric fracture with robot navigation assistance has the advantages of minimally
invasive and accurate, shorter operation time, less bleeding and lower blood transfusion rate than traditional surgical methods, and has
certain advantages in reducing postoperative complications of elderly patients.
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Introduction
Hip fracture is a common fracture in the elderly. With the increase of the elderly population, the incidence of hip fractures is

also increasing. In 2050, the global number of hip fractures is expected to reach 6.3 million. For those aged over 65 years
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who have a hip fracture, if the treatment is not timely, the prognosis is poor." Some studies show that the risk of death of
patients with hip fractures who are not treated surgically for one year is four times higher than that of patients who are
treated surgically.” Therefore, at present, we believe that the elderly hip fracture should be treated surgically. Femoral
intertrochanteric fracture account for about half of hip fractures.> The surgical treatment methods include intramedullary
fixation and extramedullary fixation. Intramedullary fixation has unique advantages for unstable and oblique fracture lines.*
© As a kind of intramedullary fixation for femoral intertrochanteric fracture, proximal femoral anti-rotation intramedullary
nail (PFNA) has gradually become the preferred internal fixation device for the treatment of femoral intertrochanteric
fracture due to its advantages of central fixation, less surgical complications, and good curative effect.’

In the operation of PFNA fixation of the femoral intertrochanteric fracture, accurate determination of the insertion
point is the key to ensuring a good fixation position and reducing postoperative complications.®’ In traditional surgery,
we use the lateral femoral incision to touch the apex of the greater trochanter of the femur with our fingers to determine
the position of the insertion point. However, for patients with poor reduction or obesity, it may be difficult to determine
the needle entry point, and it is necessary to extend the surgical incision or repeatedly probe. These operations may
prolong the operation time, increase bleeding, over-peel the gluteus medius muscle and aggravate the injury of
surrounding tissues. Elderly patients have a higher probability of complications with medical diseases and a higher
risk of various complications.'® Reducing trauma and bleeding and shortening the operation time is conducive to a better
prognosis for elderly patients.

With the development of minimally invasive surgery and the increasing demand for surgical accuracy, robot
navigation technology is increasingly used in spine, joint surgery, and pelvic fracture surgery.''™'* Robot navigation
technology has high security and accuracy.'* It can assist surgeons in quickly and accurately determining the needle
insertion point during the operation of PFNA fixation, which is of great significance to elderly patients. In our study,
a retrospective clinical controlled study was conducted to explore the difference between the clinical efficacy of robot
navigation assisted PFNA in the treatment of femoral intertrochanteric fracture and the traditional PFNA in the treatment
of femoral intertrochanteric fracture in the elderly; to analyze the advantages and feasibility of PFNA assisted by robot

navigation in the treatment of femoral intertrochanteric fracture in the elderly.

Materials and Methods

Inclusion Criteria
(D Age > 65 years;
(2 Unilateral closed intertrochanteric fracture of femur;
(3 The surgical method is PFNA fixation assisted by robot navigation or classic PFNA fixation.

Exclusion Criteria
(D Patients with unstable vital signs at admission and unable to tolerate surgery;
(@ Pathological fracture;
(3 The affected limb has a history of fracture and trauma or dysfunction;
(@ Incompatible follow-up or follow-up time<1 year.

Case Selection

This clinical study was approved by the Ethics Committee of Xi’an Hong Hui Hospital, and the whole research process
followed the relevant requirements of the Helsinki Declaration. In strict accordance with the case inclusion and exclusion
criteria, patients who received surgical treatment for intertrochanteric fracture of the femur in our center in February 2021
and October 2022 were included. The patients included in the study were divided into a robot group and a traditional
group based on surgical methods. The surgical method of the robot group was robot navigation assisted PFNA fixation,
while the surgical method of the traditional group was classic PFNA fixation.
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Preoperative Preparation

The patients included in the study should complete preoperative examination, and the patients with medical diseases
should be evaluated by the anesthesiologists, respiratory physicians, and cardiovascular physicians in a multidisciplinary
manner, actively treat the medical complications, eliminate the contraindications of surgery, and evaluate the risk of
surgery before surgery.

Surgical Technique
Robot group: The robot navigation system in this study was Tianji Robot (Beijing Tianzhihang Company), and the robot
was placed in the appropriate position (Figure 1a). Patients was in supine position, after general anesthesia or epidural
anesthesia was satisfied, put both lower limbs on the traction bed, the hip of the affected side was moderately elevated,
and closed reduction of fracture by traction of affected limb. After the reduction was satisfied by C-arm X-ray machine
detection (Figure 1b, in case of poor reduction, the anterior incision was used for repositioning), disinfected and laid
sterile operation sheet. The C-arm X-ray machine took the anteroposterior and lateral X-ray films of the affected hip joint
to ensure that the 10 positioning points on the positioning ruler were included in the X-ray image (Figure 1c). Then the
acquired anteroposterior and lateral X-ray images of the hip joint were imported into the workstation. Planed the route of
inserting the guide pin. The ideal insertion point was at the highest point of the greater trochanter of the femur in the
X-ray anteroposterior, at the midpoint of the femur in the X-ray lateral, or at the front 1/3 of the femur, and the direction
of the guide pin deviated to the outside along the long axis of the femoral shaft in the X-ray anteroposterior, and was
consistent with the long axis of the femoral shaft in the X-ray lateral (Figure 1d). Started the robot arm, moved to the
insertion point on the body surface, made an incision, placed the guide pin, confirmed the position of the guide pin with
the C-arm X-ray machine, withdrew the robot arm, placed the guide pin again along the long axis of the femur
(Figure le). After reaming the proximal pulp, inserted the appropriate main screw along the guide pin, and then inserted
the proximal spiral blade and the distal locking screw. After the C-arm X-ray machine confirmed that the reduction is
good (Figure 1f), closed the wound layer by layer after washed with a large amount of water.

Traditional group: Patients in the traditional group and the robot group received the same anesthesia mode and
posture. Traction of the affected limb for closed reduction of the fracture (through the anterior incision during the

o %
0EC

Figure | (a) Placement of robot navigation system; (b) The C-arm X-ray machine showed satisfactory fracture reduction; (c) 10 position points were shown in the X-ray
image of Hip joint; (d) Planed the ideal guide pin channel; (e) The robot navigation system placed the guide pin along the planned channel; (f) The C-arm X-ray machine
showed satisfactory fracture reduction and good internal fixation position.
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operation in case of poor reduction), the surgical incision was selected as the lateral femoral incision, the tip of the
greater trochanter was touched by hand, and the guide pin was inserted. After the position of the guide pin was satisfied,
the main screw, the proximal spiral blade and the distal locking screw were inserted in turn. The rest of the operation
process was the same as that of the robot group.

Observation Indicators

After admission, record the patient’s detailed medical history, including basic information, combined medical diseases,
and oral drug history. Complete preoperative examination and record the patient’s Body Mass Index (BMI), the Evans
classification, time from injury to operation, preoperative hemoglobin, and other clinical data. During the operation, the
patient’s bleeding volume, operation time, and the length of incision for mail nail insertion were recorded. After the
operation, recheck the patient’s hemoglobin, calculate the patient’s hemoglobin drop, and record the blood transfusion
during the perioperative period.

1516 which included pain, function, deformity and

The patient’s hip joint function was evaluated by the Harris score,
joint range of motion. The higher the score is, the better the function of the hip joint is, and the score between 90 and 100
is excellent; 70-89 is good; Below 70 represents poor hip joint function. All patients were examined and evaluated

one year after the operation.

Statistical Analysis

Data analysis was performed using SPSS version 18.0 (SPSS Inc, Chicago, IL, USA). Continuous variables are
represented by mean + standard deviation. Continuous variables are first subjected to a normality test, variables that
meet the normal distribution are subjected to two independent sample #-tests, and variables that do not meet the Mann—
Whitney U-test. Chi-squared (%) test was used to compare the count data between the two groups. P < 0.05, the
difference was considered to be statistically significant.

Results

Baseline Data
This study included 72 patients, including 36 in the robot group and 36 in the traditional surgery group. See Figure 2 for the
inclusion process. There are 16 males and 20 females in the robot group; There are 18 males and 18 females in the traditional
operation group. In terms of age, the age of patients in the robot group was 77.58+9.28 years old, and that in the traditional
surgery group was 80.31+9.13 years old. The BMI of patients in the robot group was 20.89+3.04, and that of patients in the
traditional surgery group was 21.38+2.85. All patients completed X-ray and CT examination before the operation and carried
out AO classification. The Evans classification of fracture in the robot group was: type I: 0, type II: 15, type III: 10, type IV
5:, type V 6:; The fracture types of the traditional operation group were: type I: 0, type II: 22, type I1I: 10, type IV : 3, and type
V1. The average time from injury to surgery in the robot group was 3.19+1.53 days; The time from injury to operation in the
traditional operation group was 2.92+1.32 days. The preoperative examination showed that the preoperative hemoglobin of
patients in the robot group was 96.28 + 10.66g/1, and that of patients in the traditional operation group was 100.50+9.40g/1.
There was no significant difference between the two groups in the above baseline data, P>0.05 (see Table 1).

All patients’ fractures healed smoothly, and no cases had complications such as deep infection, internal fixation
failure, and secondary operation. The following are the specific observation indicators.

Intraoperative Bleeding
The intraoperative bleeding of patients in the robot group was 68.17+ 10.66 mL, and that of patients in the traditional
surgery group was 174.83+8.11 mL. The intraoperative bleeding of patients in the traditional surgery group was more,

and the difference between the two groups was statistically significant P<0.05 (see Table 2).
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From 2021 february to 2022
october, 122 patients with fem
oral intertrochanteric fracture

were treated in our center.

4
Divide the patients into 2
groups according to the s
urgical method

According to the inclusion and exclusion
criteria, the following patients were exclu
ded;
1.20 cases failed to complete sufficient fol
low-up;
2.15 patients had a history of surgical tra
uma on the same limb;
3.8 patients refused to sign informed con
sent documents;
4.7 patients chose conservative treatment
without surgical conditions.

\

The robot group
(n=36)

l

Figure 2 Include in the flow chart.

Operation Time

Traditional surgical group

(n=36)

The operation time of the robot group was 68.81 + 6.89 min, while that of the traditional operation group was 76.94 +

8.18 min. The operation time of the traditional operation group was longer. The difference between the two groups was

statistically significant (see Table 2).

Table | Comparison of General Conditions and Preoperative Data

General Information Robot Traditional Operation | t or y* P
Group (n=36) Group (n=36)

Gender (male/female) 16/20 18/18 0.223 0.637
Age (years) 77.58+9.28 80.31£9.13 —1.254 0.214
BMI 20.89+3.04 21.38+2.85 -0.709 0.481
Evans classification (I/II/II/IV/V) 0/15/10/5/6 0/22/10/3/1 5.3%6 0.145
Time from injury to operation (day) 3.19+1.53 2.92%1.32 0.826 0411
Preoperative hemoglobin (g/l) 96.28+10.66 100.50+9.40 —-1.782 0.079

Table 2 Comparison of Intraoperative Data and Prognosis Between the Two Groups

General Information Robot Traditional Operation t or z* P
Group (n=36) Group (n=36)

Intraoperative bleeding (mL) 68.17+10.66 174.£8.11 —47.786 <0.001
Operation time (min) 68.81+6.89 76.94+8.18 —4.566 <0.001
The length of incision for mail nail insertion (cm) 3.53+0.63 4.23+0.71 —4.458 <0.001
Blood transfusion/no blood transfusion (%) 5/31 (13.9%) 13/23 (36.1%) 4.741 0.029
Hemoglobin drop (g/l) 14.81+3.27 16.69+3.32 —2.433 0.018
Harris score (excellent/good/poor) 25/8/3 18/11/7 3.213 0.201
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The length of incision for mail nail insertion The length of incision for mail nail insertion in the robot group was 3.5
+0.63 cm, the length of incision for mail nail insertion in the traditional operation group was 4.23+0.71 cm, and the
length of incision for mail nail insertion in the traditional operation group was longer. The difference between the two
groups was statistically significant P<0.05 (see Table 2).

Blood Transfusion Rate

5 patients (13.9%) in the robot group received blood transfusion treatment during the perioperative period, and 13
patients (36.1%) in the traditional operation group received blood transfusion treatment. The blood transfusion rate in the
traditional operation group was higher, and the difference between the two groups was statistically significant P<0.05
(see Table 2).

Hemoglobin Drop

The hemoglobin drop of patients in the robot group was 14.81+3.27g/1, and that of patients in the traditional operation
group was 16.69+£3.32g/l. The hemoglobin drop of patients in the traditional operation group was greater after the
operation, and the difference between the two groups was statistically significant (see Table 2).

Harris Score of Hip Function

According to Harris score, the function of the hip joint of the affected limb in the two groups was evaluated 1 year after
the operation. The evaluation results showed that in the robot group, there were 25 cases with excellent hip joint function,
8 cases with good hip joint function, and 3 cases with poor hip joint function, and the excellent and good rate was 91.7%
(33/36). In the traditional operation group, there were 18 cases with excellent hip joint function, 11 cases with good hip
joint function, and 7 cases with poor hip joint function, and the excellent and good rate was 80.6% (29/36). There was no
statistically significant difference between the two groups P=0.201 (see Table 2).

Discussion

The incidence of hip fractures in the elderly is increasing year by year.'” The treatment principle for hip fracture in the
elderly is to operate as soon as possible, reduce the time patients are in bed, and avoid the occurrence of fracture
complications.'® Femoral intertrochanteric fracture is one of the most common hip fractures. PENA is the most widely
used internal fixation for the treatment of femoral intertrochanteric fracture at present. It has the advantages of central
fixation, fewer complications, and a good curative effect.'”?® With the development of various technologies and
minimally invasive surgery, robot navigation assistant system has been used more and more in surgery because of its
advantages of small trauma and high accuracy.”’ The purpose of this study is to compare the clinical efficacy of robot
navigation assisted PFNA and traditional PFNA in the treatment of femoral intertrochanteric fracture in the elderly
through a retrospective clinical controlled study, and analyze the advantages and feasibility of robot navigation assisted
PFNA in the treatment of femoral intertrochanteric tendon fracture in the elderly.

The robot navigation assistant system is to analyze and processes the collected patient image data through computer
processing and guides doctors to complete the placement of internal fixation quickly and accurately.”*** When placing
pedicle screws in spine surgery, the robot navigation assistant system has been proven to have a better effect and lower
complications compared with traditional surgery.'*'? In the operation of pelvic fracture, the insertion of a sacroiliac joint
screw has the risk of iatrogenic vascular and nerve injury and requires a long learning curve. The robot navigation
assistant system can help doctors to insert sacroiliac joint screws safely and accurately.***> For PENA fixation of the
femoral intertrochanteric fracture, the accurate insertion point is one of the important factors that determine the surgical
effect.®” Traditional surgery determines the position of the insertion point by touching the apex of the greater trochanter
of the femur with fingers through the lateral femoral incision. For patients with poor reduction or obesity, it is necessary
to extend the incision and repeatedly probe. These operations will prolong the operation time and aggravate the damage
to surrounding tissues. Elderly patients have a higher risk of various complications. Reducing trauma and bleeding and
shortening operation time is of great significance to the prognosis of patients." The robot navigation system can help
doctors insert the guide pin of the main nail accurately according to the collected patient image information, avoid
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excessive stripping of surrounding soft tissue, shorten the operation time, and reduce the incidence of postoperative
complications in elderly patients with hip fractures.*

In this study, the intraoperative bleeding, operation time, the length of incision of mail nail insertion, blood transfusion
rate, postoperative hemoglobin drop, and Harris score of the hip joint in the two groups were compared. The results showed
that the robot group had less intraoperative bleeding, shorter operation time, shorter main nail incision, lower blood
transfusion rate, and lower postoperative hemoglobin drop value (P<0.05). The intraoperative blood loss in this study refers
to visible blood loss, while hidden blood loss is difficult to accurately observe, so this study did not explore. One study?® has
shown that the visible blood loss of PFNA fixation for femoral intertrochanteric fractures was approximately 147.3 +
81.6mL, which is consistent with the results of the traditional surgical group in our study. The robot navigation system can
help surgeons accurately and quickly insert guide pins, which is beneficial for reducing surgical bleeding. There was no
statistical difference in Harris score of the hip joint in the first year after operation (P>0.05). In some studies, it is not clear
whether the robot planning time is included in the operation time. The robot planning stage has not caused surgical trauma to
patients, so the operation time in this study does not include the robot planning time.** The robot navigation assistant system
has small trauma and high accuracy, avoids the repeated stripping of soft tissue around the greater trochanter during the
operation, and the process of inserting the guide needle is simpler, so the intraoperative bleeding is less, the operation time is
shorter, and the main nail incision is shorter. On the other hand, some elderly patients have anemia and poor nutritional status,
while the intertrochanteric part of the femur is mainly cancellous bone. After the fracture, there is much bleeding, which will
inevitably cause trauma to the body during the operation process: for example, PFNA needs to be operated in the femoral
bone marrow, and some also need to be reamed, these factors will aggravate the blood loss of patients, and may need a blood
transfusion to improve the anemia of patients. A blood transfusion will increase the risk of complications such as deliration
elderly patients.’” ?° The robot navigation assistant system has smaller surgical incisions, more accurate guide needle
insertion, and a higher success rate. This will make the operation time shorter, the trauma smaller, less apparent and hidden
blood loss, and lower the blood transfusion rate in the perioperative period compared with the traditional operation group. In
addition, the robot navigation system has a higher success rate of inserting the guide needle, which can reduce the radiation
damage to patients and surgical staff, which is a protection for our surgical staff, and also a major advantage of the robot
navigation technology.

In the process of PFNA fixation of femoral intertrochanteric fracture assisted by the robot navigation system, it should
be noted that robot navigation assistance does not mean that fracture reduction is not required, and it should be ensured
that the fracture is well reduced before inserting the guide pin. For stable fractures, the reduction may be relatively
simple, and the robot navigation system can complete the placement of the main nail through smaller trauma; For the
femoral intertrochanteric fracture with difficult reduction, it may still need to open reduction, extend the surgical incision
and other operations, but the robot navigation technology has great advantages in the success rate of inserting the guide
needle, and the corresponding operation time and intraoperative blood loss will be reduced. For elderly patients, it can
reduce the occurrence of various complications after the operation, which is conducive to postoperative recovery. In
traditional surgery, the position of the apex of the large tuberosity needs to be exposed to judge the position of the needle
insertion point. Therefore, unclear exposure, visual differences, and the instability of the unarmed operation may lead to
differences between the insertion path of the guide needle and the planned path (ideal path), which requires repeated
attempts during the operation. The advantage of the robot navigation system is that it can ensure the completion of the
insertion of the guide needle in the planned path at one time, and avoid the trauma caused by the repeated operation.
However, the robot navigation is very expensive.>® The cost of most surgical robots is more than US $1 million. The high
cost may lead to the failure of robot navigation technology to be widely used.>**! Robotic navigation technology requires
a long learning cycle, which is different from the thinking mode of traditional surgery. Robotic navigation surgery
requires more detailed planning before surgery and is familiar with the use of a robot navigation system. In this study, our
surgeon has received at least one year of training in robot navigation technology.

Of course, our research also has some limitations. First of all, this is a single-center study with a small sample size,
and we are looking forward to a large sample and multi-center study in the future; Secondly, our follow-up time is
relatively short. We found no difference between the two groups in the evaluation of the joint function of the patients
one year after the operation, and this result may change after a longer follow-up.
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Conclusion

Compared with traditional surgical methods, PFNA fixation assisted by a robot navigation system has shorter operation
time, less intraoperative bleeding, shorter incision, lower perioperative blood transfusion rate, and lower postoperative
hemoglobin drop. The robot navigation system has certain advantages for elderly patients with intertrochanteric fractures
of the femur, which is beneficial to the rehabilitation of elderly patients and reduces the occurrence of postoperative
complications.
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