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Abstract
Purpose: Femoral neck fracture is a common form of hip fracture in the elderly. Minimally invasive
surgery is very popular in recent years. This study was to investigate the clinical e�cacy and advantages
of the SuperPath approach to total hip arthroplasty in the treatment of femoral neck fractures in the
elderly.        

Methods: From February 2018 to March 2019, 120 patients were random divided into two groups with 60
patients each: the SuperPath group and conventional group. The results evaluated the general operation
situation, Serum markers, blood loss, pain score, hip function and prosthesis location analysis.

Results: There was no difference demographically between two groups. Compared with the conventional
group, the SuperPath group had a shorter operation time (78.4 vs 93.0 min), smaller incision length (5.8
vs 12.5 cm), less intraoperative blood loss (121.5 vs 178.8 ml), shorter hospitalization time (8.0 vs 10.8
day) and less drainage volume (77.8 vs 141.2 ml). The creatine kinase (CK) in the SuperPath group was
signi�cantly lower, while there was no difference in the C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR). The visual analog scale (VAS) was lower in one month and Harris Hip Score
(HHS) were higher in three months in the SuperPath group. There was no difference in the cup abduction
angle and anteversion angle of the two groups.

Conclusion: We found the better clinical e�cacy after the SuperPath approach with less muscle damage,
less postoperative pain and better postoperative function compared with the modi�ed Hardinge
approach.

Trial registration: Retrospectively registered. The randomized clinical trial was retrospective registered at
Chinese Clinical Trial Registry on December 31, 2020 (ChiCTR-2000041583,
http://www.chictr.org.cn/showproj.aspx?proj=57008).

Introduction
Femoral neck fracture is a common form of hip fracture in the elderly, and the mortality rate is as high as
25% in the �rst year after the fracture[1–3]. The most preferred treatment method for most femoral neck
fractures is surgical treatment, and non-surgical treatment should only be selected when the patient has a
serious disease or serious surgical risk[4, 5]. The operative options include multiple cancellous lag
screws, open reduction and internal �xation, hemiarthroplasty and total hip arthroplasty (THA), and its
main choice depends on factors such as fracture type, age, function and bone quality[6, 7]. Although
hemiarthroplasty is the preferred treatment for femoral neck fractures in the elderly, the American
Academy of Orthopaedic Surgeons (AAOS) recommends that THA should be appropriately substituted for
hemiarthroplasty in patients with femoral neck fracture[8].

THA, one of the greatest advances in orthopedic surgery, can signi�cantly improve the quality of life of
patients with end-stage hip joint disease, increase function, restore range of joint movement, and relieve

http://www.chictr.org.cn/showproj.aspx?proj=57008
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pain[9, 10]. There are multiple surgical approaches for THA, including traditional posterior approach (PA),
anterior approach (AA), lateral approach (LA) and modi�ed Hardinge approach[11, 12]. These traditional
surgical approaches have some common shortcomings of external trochanter muscle injury,
postoperative dislocation and longer recovery time [13–15]. The ideal approach for THA should reach the
surgical site completely through muscles, blood vessels, and nerve spaces and it has the advantages of
less damage, less bleeding, less postoperative pain symptoms, and faster recovery, but there is currently
no one way to achieve this ideal state[16–18]. In 2011, Dr. James Chow �rst reported the supercapsular
percutaneously assisted total hip (SuperPath, MicroPort Orthopedics Inc., Arlington, TN) approach, which
combines the advantages of the supercapsular (SuperCap, MicroPort Orthopedics Inc., Arlington, TN,
USA) approach and the percutaneously assisted total hip (PATH, MicroPort Orthopedics Inc., Arlington,
TN, USA ) approach[15]. The SuperPath technique reaches the hip joint capsule through the tissue gap
between the gluteus medius and the piriformis, so this technique reduces need for cutting muscles and
tendon to protect the external rotator muscle[19, 20]. Previously reported that SuperPath technology has
shown that the time to go to the ground is shortened, the hospital stay is short, the incidence of
complications is low, and the in-hospital cost is low[21, 22].

Some femoral neck fracture patients have been selected for THA using the SuperPath approach in our
hospital since August 2016. In reviewing our �rst 45 consecutive SuperPath cases, we discovered that the
operation time was longer and �uctuated signi�cantly in the �rst 25 cases, while the operation time
showed a clear downward trend in about 25 to 45 cases. This result is similar to the learning curve of the
SuperPath approach previously reported in a retrospective clinical study by Rasuli et al[23]. The results
showed that operative time in the SuperPath approach was still decreasing and pro�ciency continues to
improve in the �rst 50 cases[23]. Although the SuperPath approach is getting more attention and
application in the clinical, the clinical research on the SuperPath approach is still insu�cient, so we
compared the results of the SuperPath approach with other traditional approach (modi�ed Hardinge
approach) in a prospective cohort study. Before the prospective cohort study, we have basically mastered
the SuperPath approach surgery technique, so this can better explore the advantages and disadvantages
of this approach compared to other surgical approaches. The purpose of this study is to compare the
clinical e�cacy of SuperPath approach with the modi�ed Hardinge approach in the treatment of femoral
neck fractures and share some skills in SuperPath approach surgery.

Materials And Methods
Study design

This was a prospective randomized controlled trial of patients with femoral neck fracture. This research
was approved by the Medical Ethics Committee of the Lishui People's Hospital, The Sixth A�liated
Hospital of Wenzhou Medical University, Lishui, China. The inclusion criteria were: (1) patients with fresh
femoral neck fracture (type Garden III and IV); (2) the age of the patient was ≥ 65 years old; (3) the
surgical approach was either the SuperPath minimally invasive approach to THA or the modi�ed
Hardinge approach to THA for femoral neck fractures; (4) ability to complete scheduled postoperative 12
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months follow-ups. The exclusion criteria were: (1) patients with pathological fracture, femoral head
necrosis, and arthritis of the affected hip joint; (2) the patients had hip joint disease, severe hip joint
anatomical deformity, and hip joint dysfunction before fracture; (3) body mass index (BMI) > 30 kg/m2;
(4) The follow-up time was less than 12 months.

Patients

From January 2018 to April 2019, a total of 160 consecutive THA patients with femoral neck fractur were
eligible in our hospital, of which 120 patients were enrolled and random divided into to two groups in the
study (Figure 1). After con�rmation of eligibility, patients were randomized (1:1) to receive SuperPath or
modi�ed Hardinge approach of THA using the simple randomization method. The allocation sequence
was computer-generated (http://tools.medsci.cn/rand). The study population consisted of 60 patients
undergoing THA with SuperPath approach (SuperPath group) and 60 patients undergoing THA with the
modi�ed Hardinge approach (Conventional group). All operations were performed by a senior surgeon at
our hospital. Surgical internal �xation implants: For the SuperPath group, the SuperPath total hip
prosthesis system was provided by MicroPort Orthopedics incorporated (USA). For the conventional
group, the modi�ed Hardinge total hip prosthesis system produced was provided by Biomet Orthopedics
(USA).

E�cacy evaluation index

All data were collected by a research fellow and a post-graduate student, not by the operating surgeon.
One-year follow-up was the primary endpoint. The patient demographic characteristics were collected,
including age, gender, side, body mass index, and American Society of Anesthesiologists (ASA) class. The
following indicators were used to assess the functional outcome of the two groups. (1) General operation
situation: operation time, intraoperative blood loss, incision length, hospitalization time and the
occurrence of surgery-related complications; (2) Serum markers: in�ammatory response indicators (C-
reactive protein (CRP), erythrocyte sedimentation rate (ESR)) and muscle injury indicators (creatine kinase
(CK)). These serum markers were collected for each patient on the day of hospital admission,
postoperative day 1, day 3, and day 7, respectively. (3) Blood loss: Hemoglobin (Hb) and Hematocrit
(HCT) were collected for each patient on the day of hospital admission, postoperative day 1, and day 3,
respectively. Drainage tubes were routinely placed in each patient, and the drainage tube was removed
and the drainage volume was recorded on the �rst postoperative day. (4) Pain and hip function: visual
analog scale (VAS) score was collected on the day of hospital admission, postoperative day 1, day 3, day
7, 1 months, 3 months, 6 months, and 12 months respectively. Harris Hip Score (HHS) was evaluated at
postoperative one weeks, 1 months, 3 months, 6 months, and 12 months. (5) Component placement
analysis: All postoperative anteroposterior pelvic radiographs were standardized with the patient in the
supine position and the radiation beam focused at the pubic symphysis with a focal length of 100 cm.
The abduction angle and anteversion angle were measured on anteroposterior pelvic radiographs
according to the method described by Bachhal et al [24]. 

http://tools.medsci.cn/rand
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SuperPath approach surgical technique

Step 1: Patient positioning. the patient is placed in the standard lateral decubitus position with the
operative hip in a slightly adducted position, 45° - 60° �exion, and 20° - 30° internal rotation (Figure 2a).

Step 2: Surgical exposure: a skin incision is made from the tip of the trochanter to the trochanter 5–7 cm
proximally in line with the femur (Figure 2b). Using electrocautery to incise subcutaneous fat and fascia
of the gluteus maximus muscle. The gluteus maximus muscle is split by two wing-tipped elevator
dissection in line with the �bers (Or using the index �nger to separate the gluteus maximus, and can
touch the posterior edge of the gluteus medius and the space between the piriformis and gluteus
minimus), then expose the posterior edge of the gluteus medius muscle with a cobb elevator (Figure 2c).
Separating the space between the gluteus minimus muscle and piriformis tendon to reach the hip joint
capsule, then two blunt Hohmann retractors are inserted before and after the joint capsule (Figure 2d).
The hip capsule is incised from the saddle of the femoral neck to 1 cm proximal to the acetabulum rim.

Step 3: Femoral preparation. The zenith of femoral canal is made with a sharp starter reamer at medial of
femoral trochanter apex. A femoral orientation is inserted from the zenith to the femoral condyle to
determine the direction of the medullary cavity (Figure 2e). A blunt metaphyseal reamer was then used to
expand the proximal femoral opening in this same line. Using a round calcar punch to remove a small
portion of the bone from the outside of the femoral head for slotting to ensure the anteversion angle of
the femoral component (Figure 2f). With the ream and broach system used, the femoral metaphysis is
reamed in order from small to large until resistance met with the isthmus of the femoral canal. The
broach handle is then removed at the �nal size, leaving the broach in place to act as a femoral
component trial. Raising the leg to the abduction position, the femoral neck osteotomy is performed
using an oscillating saw at the top of the medullary cavity �le. Two Schanz pins are driven into the
femoral head and ligament is cut off using electrocautery, and then using these two Schanz pins to rotate
and remove the femoral head completely. If the head is di�cult to remove, a small part of bone from
femoral head is gouged to facilitate removal. 

Step 4: Acetabular preparation and placement. Two spiked Hohmann retractors and a Zelpi retractor are
placed beneath the acetabular margin to clear the rest of the labrum and ensure the transverse acetabular
ligament. According to the alignment handle and guide, 1 cm auxiliary incision is made located posterior
edge of femur and the alignment handle is removed leaving the cannula in place. Using the acetabular
�le holder, hang the acetabular �le into the acetabulum through the main incision and �le the acetabulum
in order of size. acetabular basket reamers are used to reamed through the main incision until an
appropriately sized acetabular implant is decided. The chosen acetabular implant is placed and the
position is determined by the three screw hole indicator lines on the mortar cup aligned with the mortar
crest from 11 to 1 o'clock (Figure 2g). Screw drilling with a sleeve inside the cannula and insertion with a
straight ratchet screwdriver is also achieved through the cannula when necessary (It is more di�cult for a
beginner to place screws. At this time, we recommend that the original drill of MicroPort be replaced to a
2.0 Kirschner wire for drilling, which will make the drilling easier. Before preparing to insert the screw, you
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can touch the screw hole distribution position with your �nger) (Figure 2h). Then lining is implanted. The
trial head and neck are then brought together using a bone hook and a T-handle to gently manipulate the
femur.

Step 5: Model trial: After trial reduction, �exion (100° - 120°), extension (5° - 10°), internal rotation (30° -
40°) and external rotation (30° - 40°) of the patient's limb is performed and C-arm �uoroscopy is used to
test the stability of the trial implants.

Step 6: Implant assembly. The trial implants are replaced with de�nitive prosthesis and then stability is
checked again.

Step 7: The wound is irrigated and checked for bleedings. The hip joint capsule is closed with a suture
and a drainage tube is placed through the auxiliary incision. Finally, routine suture of gluteus maximus
fascia, subcutaneous tissue and skin successively (Figure 2i).

Statistical analysis 

Values are expressed as the means ± standard deviation (SD). Differences between the two groups were
performed using the Independent sample t test, Fisher's exact test and the χ2 test using SPSS (version6.0;
SPSS Inc., Chicago, IL, USA). Statistical analysis was performed using GraphPad Prism. Values of P <
0.05 were considered to be statistically signi�cant.

Results
All 120 patients successfully completed the operation and 3 patients were lost follow-up in the SuperPath
group, while 4 patients were lost follow-up in the conventional group. The patient’s demographic
information is shown in Table 1. SuperPath group: 29 males and 28 females; aged 66 to 93 years, with an
average age of 75 years; There were 32 cases of left hip and 25 cases of right hip; BMI 17.3–27.4 kg/m2,
with an average of 21.5 kg/m2; The value of ASA is 2.07 ± 0.42. Conventional group: 26 males and 30
females; aged 65 to 90 years, with an average of 74 years; There were 29 cases of left hip and 27 cases
of right hip; BMI 17.3–25.9 kg/m2, with an average of 21.7 kg/m2; The value of ASA is 2.05 ± 0.35. There
were no statistically statistical differences in gender, age, fracture Side, BMI, and ASA between the two
groups (P > 0.05).
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Table 1
Preoperative characteristics of patients in two groups (Mean ± SD)

Parameters SuperPath

group (n = 57)

Conventional

group (n = 56)

P value

No. of patients 57 56 -

Age (years) 75.2 ± 6.4 74.4 ± 6.1 0.505

Gender(M/F) 29/28 26/30 0.640

Side (L/R) 32/25 29/27 0.518

BMI (kg/m2) 21.5 ± 2.2 21.7 ± 2.0 0.529

ASA (grade) 2.07 ± 0.42 2.05 ± 0.35 0.820

*P < 0.05 indicate signi�cant differences from the conventional. BMI, body mass index; ASA, American
Society of Anesthesiologists.

Compared with the conventional group, the SuperPath group had shorter operation time, smaller incision
length, less intraoperative blood Loss, shorter hospitalization time and less drainage volume (P < 0.05).
There was no signi�cant difference in postoperative blood transfusion rate between the two groups (P > 
0.05) (Table 2). There was no signi�cant difference in CRP and ESR between the two groups at the day of
hospital admission, postoperative day 1, day 3, and day 7 (P > 0.05). Compared with the conventional
group, the CK in the SuperPath group was signi�cantly lower than the CK in the conventional group at the
postoperative day 1, day 3, and day 7 (P < 0.05) (Table 3, Fig. 3). There was no signi�cant difference in Hb
and HCT between the two groups at the day of hospital admission, postoperative day 1, day 3, and day 7
(P > 0.05) (Table 4, Fig. 4). The trends of HHS and VAS score in two groups were showed in Fig. 5. There
was no statistically signi�cant difference in VAS scores of the two groups on the day of hospital
admission (P > 0.05). The VAS scores in the SuperPath group at 1-, 3-, 7-day and 1-month follow-up
intervals were signi�cantly lower than the VAS scores in the conventional group, but not signi�cantly
different at 3-, 6- and 12-month follow-up intervals (Table 5). The HHS in the SuperPath group were
signi�cantly higher than those in the conventional group at 7-day, 1- and 3-month follow-up intervals, but
not signi�cantly different at 6- and 12-month follow-up intervals (Table 5). There is no statistical
difference between the cup abduction angle and anteversion angle of the two groups, and they are all
within the Lewinnek’s safe zone[25] (Table 6). None of the patients had prosthesis dislocation, proximal
femoral fractures, postoperative infection, nerve damage, or heterotopic ossi�cation in two groups.
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Table 2
Perioperative general operation situation in two groups (Mean ± SD)

Parameters SuperPath

group (n = 57)

Conventional

group (n = 56)

P value

Operation time (min) 78.3 ± 8.0 93.6 ± 10.9 0.000*

intraoperative blood loss (ml) 122.3 ± 30.1 178.2 ± 31.6 0.000*

Incision length (cm) 5.8 ± 0.4 12.5 ± 0.8 0.000*

hospitalization time (days) 8.1 ± 1.3 10.8 ± 1.4 0.000*

drainage volume (ml) 77.8 ± 48.1 137.2 ± 57.0 0.000*

Transfusion rate 2/57 3/56 0.636

*P < 0.05 indicate signi�cant differences from the conventional.

Table 3
Perioperative serum markers change in two groups (Mean ± SD)

Parameters Timings SuperPath

group (n = 57)

Conventional

group (n = 56)

P value

CRP pre 7.39 ± 6.55 7.16 ± 6.27 0.848

  1 d 62.72 ± 25.83 64.10 ± 21.27 0.757

  3 d 62.34 ± 20.58 58.31 ± 26.81 0.371

  7 d 14.45 ± 9.63 16.33 ± 10.51 0.323

ESR pre 18.04 ± 5.75 17.68 ± 4.94 0.725

  1 d 29.60 ± 6.72 27.63 ± 6.61 0.119

  3 d 50.16 ± 14.61 52.18 ± 15.07 0.471

  7 d 29.19 ± 10.06 30.52 ± 10.45 0.494

CK pre 80.70 ± 43.90 84.70 ± 49.30 0.650

  1 d 279.58 ± 88.67 609.71 ± 111.31 0.000*

  3 d 168.54 ± 85.61 314.02 ± 123.19 0.000*

  7 d 89.95 ± 50.90 119.14 ± 59.27 0.006*

*P < 0.05 indicate signi�cant differences from the conventional. CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; CK, creatine kinase.
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Table 4
Perioperative hemoglobin and hematocrit change in two groups (Mean ± SD)

Parameters Timings SuperPath

group (n = 57)

Conventional

group (n = 56)

P value

Hb (g/L) pre 122.2 ± 17.4 124.7 ± 14.8 0.415

  1 d 98.5 ± 12.0 97.3 ± 12.7 0.615

  3 d 96.4 ± 10.9 94.6 ± 12.3 0.423

HCT (%) pre 36.4 ± 5.3 37.2 ± 4.2 0.369

  1 d 29.4 ± 3.8 29.8 ± 4.2 0.548

  3 d 28.2 ± 3.5 28.3 ± 3.4 0.865

*P < 0.05 indicate signi�cant differences from the conventional. Hb, Hemoglobin; HCT, hematocrit.

Table 5
Pain and hip function in two groups (Mean ± SD)

Parameters Timings SuperPath

group (n = 57)

Conventional

group (n = 56)

P value

VAS pre 7.19 ± 0.72 7.16 ± 0.66 0.803

  1 d 5.89 ± 0.72 6.46 ± 0.95 0.001*

  3 d 5.12 ± 0.71 5.89 ± 0.73 0.000*

  7 d 4.47 ± 0.68 4.84 ± 0.73 0.007*

  1 m 1.93 ± 0.53 2.34 ± 0.55 0.000*

  3 m 1.11 ± 0.67 1.20 ± 0.62 0.454

  6 m 0.91 ± 0.71 0.89 ± 0.68 0.883

  12 m 0.72 ± 0.65 0.69 ± 0.63 0.850

HHS 7 d 74.41 ± 3.10 69.41 ± 3.38 0.000*

  1 m 84.19 ± 3.08 79.48 ± 3.10 0.000*

  3 m 89.90 ± 2.33 86.25 ± 3.04 0.000*

  6 m 90.68 ± 1.59 90.75 ± 2.41 0.868

  12 m 91.72 ± 1.20 91.67 ± 0.94 0.800

*P < 0.05 indicate signi�cant differences from the conventional. VAS, visual analog scale; HHS, Harris
Hip Score.
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Table 6
Radiologic evaluation of the acetabular cup positioning in two groups (Mean 

± SD)
Parameters SuperPath

group (n = 57)

Conventional

group (n = 56)

P value

Abduction angle (degrees) 43.81 ± 3.08 42.80 ± 3.62 0.131

Anteversion angle (degrees) 14.76 ± 3.26 14.10 ± 2.97 0.262

*P < 0.05 indicate signi�cant differences from the conventional.

Discussion
This study found that, compared with the modi�ed Hardinge approach, SuperPath approach has shorter
operation time, shorter surgical incisions, less muscle damage, less postoperative pain, earlier discharge
from hospital and better postoperative function. However, there was no signi�cant difference between the
two surgical approaches in terms of blood transfusion rate, postoperative complications, abduction
angle, anteversion angle, and long-term function.

Our research results showed the operation time was 78.3 ± 8.0 min in the SuperPath group and 93.6 ± 
10.9 min in the conventional group, there was a signi�cant difference between the two groups. one
reason may explain that the surgical incision exposure was more cumbersome and was stitching time in
modi�ed Hardinge approach. Some previous studies comparing the operation time of SuperPath
approach with conventional posterior approach, the results were not consistent. Jia et al compared the
SuperPath approach (50 cases) with the conventional posterior approach (50 cases) in hemiarthroplasty
for senile femoral neck fractures, the results showed that the operation time of SuperPath approach (56 ± 
7 min) was not signi�cantly different from that of traditional posterolateral approach (53 ± 6 min)[26].
Wang et al compared the SuperPath approach (55 cases) with the conventional posterior approach (55
cases) in THA for femoral neck fractures in the elderly, the results showed that the operation time of
SuperPath approach (108.6 ± 15.9 min) was not signi�cantly different from that of traditional
posterolateral approach (102.5 ± 19.6 min)[27]. Xie et al compared the SuperPath approach (46 cases)
with the conventional posterior approach (46 cases) in THA for primary hip osteoarthritis, the results
showed that the operation time of SuperPath approach (103.4 ± 11.8 min) was also not signi�cantly
different from that of traditional posterolateral approach (106.5 ± 16.5 min)[28]. However, Meng et al
compared the SuperPath approach (4 cases) and the posterolateral approach (4 cases) in THA in
bilateral osteonecrosis of the femoral head, the results showed that the operation time of SuperPath
approach (103.3 ± 12.4 min) was signi�cantly longer than that of traditional posterolateral approach
(66.5 ± 13.8 min)[29]. The mean operation time of SuperPath approach in these studies was
approximately 100 min, which was considerably longer than the average operation time in our study. We
think that the reason for this difference may be due to the fact that we have already completed 50 cases
of SuperPath learning during the comparative study. We better believe that the operation time of the
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SuperPath approach is no longer than the operation of the conventional approach when the learning
curve of the SuperPath approach is reaching a steady plateau. Noteworthily, the average incision length
in SuperPath group in our study was 5.8 ± 0.4 cm, which was not within the range of 6–8 cm incision
lengths previously reported[19]. The reason why may be the BMI of Chinese is generally lower than that of
foreigners. When there is more fat tissue or more muscle in the hip, a longer surgical incision is needed to
expose the surgical �eld. Except from the bene�ts to the patient, surgery should also facilitate the
surgeon's operation.

Serum markers, mainly CRP, ESR and CK, are widely used to evaluate soft tissue damage in the THA [30–
32]. The results showed that the level of CK at different time points in the SuperPath group was obviously
lower than that in the conventional group, which con�rmed that the SuperPath approach for THA had less
muscle damage and less trauma in�ammation. The SuperPath approach retains the muscles around the
hip joint such as the external rotation muscle group, piriformis muscle, gluteus minor muscle, and gluteus
medius muscle, ensuring the integrity of the front and rear of the hip capsule[33]. The surgery uses in situ
resection of the femoral neck and femoral head instead of dislocation of the hip joint, so it has the
characteristics of less trauma and high safety[20]. Meng et al. prospectively analyzed the level of CK and
in�ammation after THA in SuperPath approach, and found that the levels of all serum markers in the
SuperPath group were still relatively higher than those in the PLA group at all times[29]. Although the
author believes that the SuperPath approach is a muscle gap approach, the elongated operation time and
minimally invasive surgical operation have obvious effects on the stretching and contusion of the
buttocks muscles, which is more likely to lead to increased serum markers. However, the most cases in
our study were reached the SuperPath approach learning curve stage, and there was less tension and
blunt injury to the gluteus maximus and gluteus medius during operation, so the level of CK was
signi�cance lower than the conventional group.

The total blood loss (TBL) of THA consists of the visible blood loss (VBL) of the intraoperative blood loss
and the postoperative drainage, and the hidden blood loss (HBL) in the tissue[34–36]. In our experiment,
the intraoperative blood loss, postoperative drainage volume, HB and HCT were selected to compare in
two groups. Ours results have shown that there was no signi�cant difference in HB and HCT between the
two groups at all times, while the intraoperative blood loss and the postoperative drainage was different
in two groups. We believe the reason for the lower VBL in the SuperPath group is less muscle damage.
Although HBL was not speci�c calculated, we collected the changes of HB and HCT and inferred that the
HBL of the two groups were similar. In a recent retrospective study, the HBL of the SuperPath group was
signi�cantly higher than that of the Moore group, but there was no signi�cant difference in TBL between
the two groups[37]. The author believes that the reason for the more HBL in SuperPath group is because
the trabecular expansion procedure destroys the trabecular structure to increase the intramedullary
hemorrhage of the femur and the inadequate hemostasis caused by the less visualization of the surgical
�eld. We believe that after mastering the SuperPath approach, the above two reasons can be properly
avoided. Therefore, more prospective randomized controlled trials are needed to more appropriately
evaluate HBL of SuperPath approach.
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In the context of accelerated rehabilitation, minimally invasive total hip arthroplasty, including SuperPath
approach in THA, have received increasing attention from joint surgeons[38]. The great advantages of
SuperPath approach are early recovery of joint function, shortening postoperative hospital stay and
promoting rehabilitation[39]. Our results showed that compared with the modi�ed Hardinge approach, the
SuperPath approach had a lower VAS score for early pain after THA, shorter postoperative hospital stay,
and faster early functional recovery. One reason explanation of mild postoperative pain symptoms in the
SuperPath approach might be that SuperPath approach is performed through the muscle gap and the
lower limb stretch and twist operations are gentler, which created conditions for early rapid recovery of
patients. A study by Xie et al[28]. showed that the VAS score and HHS of the SuperPath group were
signi�cantly lower than those of the posterolateral approach group at 1-week, 1- and 3- month follow-up
intervals. Jia et al[26]. also showed that the VAS score, HHS and Barthel Index in the SuperPath approach
group at 1-week follow-up intervals were signi�cantly lower than the posterolateral approach group, but
not signi�cantly different at 3-month and 2-year follow-up intervals. The above research results suggest
that SuperPath approach for THA is conducive to early functional rehabilitation of patients, but the long-
term results need to be con�rmed by further studies.

A long-standing principle regarding the position of the components is that the cup abduction angle and
anteversion angle are 30° − 50° and 5° − 25°, respectively[40]. Thus aiming to achieve a combined
anteversion of 25° to 45°, with a range between 25° to 35° for men and 30° to 45° for women, which
represent a ‘‘safe zone’’ de�ned by Lewinnek to minimizes dislocation after primary THA[25]. In the
SuperPath group, the abduction angle and anteversion angle were 43.85° ± 3.01° and 14.76° ± 3.26°,
respectively, which were not signi�cantly different from the traditional group in our study. One reason can
explain that SuperPath approach involves reaming and using in situ resection of the femoral neck and
femoral head instead of dislocation of the hip joint. This allows precise measurement of the patient's
anteversion and abduction. Recently, Della et al[38] demonstrated that the cup abduction angle and
anteversion angle were safe in the SuperPath approach for THA, and this was con�rmed by the study of
Xie et al[28] in this issue of the Journal of orthopaedic surgery and research. These authors believe that
such consistency in implant positioning may be the result of a lack of external soft-tissue forces during
preparation and implantation and the SuperPath approach using a lateral position. Recent studies have
pointed out that the Lewinnek “safe zone” does not really represent a safe area, and there is still a risk of
dislocation in this area[40–43]. They point out the ideal cup location for some patients may be outside
the Lewinnek safe zone and more advanced analysis is needed to determine the correct target in this
subgroup[40, 44]. Considering the functional safe zone de�ned by Tezuka et al[43], we also routinely
performed �exion (100° − 120°), extension (5° − 10°), internal rotation (30° − 40°) and external rotation
(30° − 40°) of the patient's limbs after inserting the prosthesis to better evaluate the safety of the
prosthesis.

Although the accurate learning curve of the SuperPath technique was not determined, we believe that the
learning curve would be stabilized by case 50 for the SuperPath technique according to our clinical
observations and the previous study by Rasuli et al[23]. A previous study describing outcome
characteristics for the SuperPath approach showed that the rate of prosthesis dislocation was 0.8%, deep
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vein thrombosis 0.2% and periprosthetic fracture 0.8%[22]. Therefore, we believe that the SuperPath
surgery is safe and useful. As the number of operations gradually increasing, the surgeon's experience is
constantly enriched and the incidence of complications will also be reduced.

The several limitations of this study include short follow-up time and not enough cases, and the long-
term clinical e�cacy of SuperPath approach for THA needs further observation. In addition, the
psychological suggestion of patients in the SuperPath group may have an impact on the postoperative
pain of VAS score and postoperative rehabilitation exercise. Previous study demonstrated that BMI may
affect the exposure of surgical incisions and postoperative incision infections[31]. In this study, we only
included patients with BMI less than 30, so our results may be relatively limited. Since the control group
did not choose other minimally invasive surgical methods, it may be easy to exaggerate the
characteristics of the SuperPath approach for THA. Considering this problem and combining our research
results, we will compare the SuperPath approach with the direct anterior approach in the follow-up work,
which may better re�ect the SuperPath approach and provide further value for the clinic.

We believe that the SuperPath approach for THA attracts surgeons to choose this approach has these
aspects: First, The SuperPath approach reaches the surgical site completely through muscles gap, which
has the advantages of less damage, less bleeding, less postoperative pain symptoms, and faster
recovery. These points have been con�rmed in recent articles and our research. Second, the SuperPath
surgery requires many special instruments and the incision is not completely exposed which is the
restrictive reason for SuperPath approach promotion, while with the accumulation of experience and the
improvement of surgical cooperation, the surgical approach will become more mature, accurate and safe.
In addition, the SuperPath approach has many similar steps to the traditional posterolateral approach, so
the learning process for orthopedics may be shorter than other minimally invasive approaches. Third,
compared with direct anterior approach, the SuperPath approach may be less prone to fracture of the
proximal femur because there is no leverage in the process of in-situ femoral bone marrow cavity
preparation and femoral neck amputation in elderly patients with severe osteoporosis. This point needs
to be proven by subsequent clinical studies.

Conclusions
In summary, the data from this study clearly illustrate that superiority of the SuperPath approach in
patients with femoral neck fractures. Compared with the conventional group, SuperPath group has
shorter operation time, shorter surgical incisions, less muscle damage, less postoperative pain, earlier
discharge from hospital and better postoperative function. In addition, more randomized controlled trials
and long-term follow-up observation are needed to further prove the advantages and disadvantages of
the SuperPath approach.

Declarations
Ethics approval and consent to participate



Page 14/22

The authors are accountable for all aspects of the work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately investigated and resolved. The trial was conducted in
accordance with the Declaration of Helsinki (as revised in 2013). This study was approved by the
Research Ethics Boards of the Lishui People's Hospital, The Sixth A�liated Hospital of Wenzhou Medical
University (2017-96). The randomized clinical trial was retrospective registered at Chinese Clinical Trial
Registry on December 31, 2020 (ChiCTR-2000041583, http://www.chictr.org.cn/showproj.aspx?
proj=57008). All participants provided written informed consent before enrollment. 

Consent for publication

Not applicable. 

Availability of data and materials

All data generated or analysed during this study are included in this published article. 

Competing interests

The authors declare that they have no competing interests.

Fund

This work was supported by grants funded by Public Welfare Technology Research Funding Project of
Zhejiang (LGF18H060004 & LGD20H060001), Medicine and Health Technology Funding Project of
Zhejiang (2018ZH061).

Authors’ contributions

WPJ and BW contribute to conceptualization and methodology. JQS, YBL and SJH perform formal
analysis and investigation. JQS was a major contributor in writing the manuscript. Writing - review and
editing was done by WPJ, ZJY and HYS. The study was supervised by BW, HYS and WPJ. All authors read
and approved the �nal manuscript. 

Acknowledgements

Not applicable. 

Author details

2 Department of Orthopaedics, The People's Hospital of Yunhe, Lishui 323000, Zhejiang, China.

References
1. Haleem, S.;  Lutchman, L.;  Mayahi, R.;   Grice, J. E.; Parker, M. J., Mortality following hip fracture: trends
and geographical variations over the last 40 years. Injury 2008, 39 (10), 1157-

http://www.chictr.org.cn/showproj.aspx?proj=57008


Page 15/22

63.http://dx.doi.org/10.1016/j.injury.2008.03.022

2. Major, L. J.; North, J. B., Predictors of mortality in patients with femoral neck fracture. Journal of
orthopaedic surgery (Hong Kong) 2016, 24 (2), 150-2.http://dx.doi.org/10.1177/1602400205

3. Berggren, M.;  Stenvall, M.;  Englund, U.;   Olofsson, B.; Gustafson, Y., Co-morbidities, complications and
causes of death among people with femoral neck fracture - a three-year follow-up study. BMC
Geriatr 2016, 16, 120.http://dx.doi.org/10.1186/s12877-016-0291-5

4. Florschutz, A. V.;  Langford, J. R.;  Haidukewych, G. J.; Koval, K. J., Femoral neck fractures: current
management. Journal of orthopaedic trauma 2015, 29 (3), 121-
9.http://dx.doi.org/10.1097/bot.0000000000000291

5. Turesson, E.;  Ivarsson, K.;  Thorngren, K. G.; Hommel, A., Hip fractures - Treatment and functional
outcome. The development over 25 years. Injury 2018, 49 (12), 2209-
2215.http://dx.doi.org/10.1016/j.injury.2018.10.010

6. Schmidt, A. H.;  Leighton, R.;  Parvizi, J.;   Sems, A.; Berry, D. J., Optimal arthroplasty for femoral neck
fractures: is total hip arthroplasty the answer? Journal of orthopaedic trauma 2009, 23 (6), 428-
33.http://dx.doi.org/10.1097/BOT.0b013e3181761490

7. Wang, Z.; Bhattacharyya, T., Outcomes of Hemiarthroplasty and Total Hip Arthroplasty for Femoral
Neck Fracture: A Medicare Cohort Study. Journal of orthopaedic trauma 2017, 31 (5), 260-
263.http://dx.doi.org/10.1097/BOT.0000000000000814

8. Roberts, K. C.;  Brox, W. T.;  Jevsevar, D. S.; Sevarino, K., Management of hip fractures in the elderly. J
Am Acad Orthop Surg 2015, 23 (2), 131-7.http://dx.doi.org/10.5435/JAAOS-D-14-00432

9. Ferguson, R. J.;  Palmer, A. J. R.;  Taylor, A.;   Porter, M. L.;  Malchau, H.; Glyn-Jones, S., Hip replacement.
The Lancet 2018, 392 (10158), 1662-1671.http://dx.doi.org/10.1016/s0140-6736(18)31777-x

10. Pivec, R.;  Johnson, A. J.;  Mears, S. C.; Mont, M. A., Hip arthroplasty. The Lancet 2012, 380 (9855),
1768-1777.http://dx.doi.org/10.1016/s0140-6736(12)60607-2

11. Talia, A. J.;  Coetzee, C.;  Tirosh, O.; Tran, P., Comparison of outcome measures and complication rates
following three different approaches for primary total hip arthroplasty: a pragmatic randomised
controlled trial. Trials 2018, 19 (1), 13.http://dx.doi.org/10.1186/s13063-017-2368-7

12. Goyal, P.;  Lau, A.;  McCalden, R.;   Teeter, M. G.;  Howard, J. L.; Lanting, B. A., Accuracy of the modi�ed
Hardinge approach in acetabular positioning. Can J Surg 2016, 59 (4), 247-
53.http://dx.doi.org/10.1503/cjs.011415

13. Pincus, D.;  Jenkinson, R.;  Paterson, M.;   Leroux, T.; Ravi, B., Association Between Surgical Approach
and Major Surgical Complications in Patients Undergoing Total Hip Arthroplasty. Jama 2020, 323 (11),

http://dx.doi.org/10.1016/j.injury.2008.03.022
http://dx.doi.org/10.1177/1602400205
http://dx.doi.org/10.1186/s12877-016-0291-5
http://dx.doi.org/10.1097/bot.0000000000000291
http://dx.doi.org/10.1016/j.injury.2018.10.010
http://dx.doi.org/10.1097/BOT.0b013e3181761490
http://dx.doi.org/10.1097/BOT.0000000000000814
http://dx.doi.org/10.5435/JAAOS-D-14-00432
http://dx.doi.org/10.1016/s0140-6736(18)31777-x
http://dx.doi.org/10.1016/s0140-6736(12)60607-2
http://dx.doi.org/10.1186/s13063-017-2368-7
http://dx.doi.org/10.1503/cjs.011415


Page 16/22

1070-1076.http://dx.doi.org/10.1001/jama.2020.0785

14. Yang, C.;  Zhu, Q.;  Han, Y.;   Zhu, J.;  Wang, H.;  Cong, R.; Zhang, D., Minimally-invasive total hip
arthroplasty will improve early postoperative outcomes: a prospective, randomized, controlled trial. Ir J
Med Sci 2010, 179 (2), 285-90.http://dx.doi.org/10.1007/s11845-009-0437-y

15. Chow, J.;  Penenberg, B.; Murphy, S., Modi�ed micro-superior percutaneously-assisted total hip: early
experiences & case reports. Curr Rev Musculoskelet Med 2011, 4 (3), 146-
50.http://dx.doi.org/10.1007/s12178-011-9090-y

16. Brismar, B. H.;  Hallert, O.;  Tedhamre, A.; Lindgren, J. U., Early gain in pain reduction and hip function,
but more complications following the direct anterior minimally invasive approach for total hip
arthroplasty: a randomized trial of 100 patients with 5 years of follow up. Acta Orthop 2018, 89 (5), 484-
489.http://dx.doi.org/10.1080/17453674.2018.1504505

17. Migliorini, F.;  Biagini, M.;  Rath, B.;   Meisen, N.;  Tingart, M.; Eschweiler, J., Total hip arthroplasty:
minimally invasive surgery or not? Meta-analysis of clinical trials. International orthopaedics 2019, 43 (7),
1573-1582.http://dx.doi.org/10.1007/s00264-018-4124-3

18. Reichert, J. C.;  von Rottkay, E.;  Roth, F.;   Renz, T.;  Hausmann, J.;  Kranz, J.;   Rackwitz, L.;  Noth, U.;
Rudert, M., A prospective randomized comparison of the minimally invasive direct anterior and the
transgluteal approach for primary total hip arthroplasty. BMC Musculoskelet Disord 2018, 19 (1),
241.http://dx.doi.org/10.1186/s12891-018-2133-4

19. Chow, J., SuperPath: The Direct Superior Portal-Assisted Total Hip Approach. JBJS Essent Surg
Tech 2017, 7 (3), e23.http://dx.doi.org/10.2106/JBJS.ST.16.00061

20. Quitmann, H., Supercapsular percutaneously assisted (SuperPath) approach in total hip arthroplasty :
Surgical technique and preliminary results. Oper Orthop Traumatol 2019, 31 (6), 536-
546.http://dx.doi.org/10.1007/s00064-019-0597-5

21. Gofton, W.; Fitch, D. A., In-hospital cost comparison between the standard lateral and supercapsular
percutaneously-assisted total hip surgical techniques for total hip replacement. International
orthopaedics 2016, 40 (3), 481-5.http://dx.doi.org/10.1007/s00264-015-2878-4

22. Gofton, W.;  Chow, J.;  Olsen, K. D.; Fitch, D. A., Thirty-day readmission rate and discharge status
following total hip arthroplasty using the supercapsular percutaneously-assisted total hip surgical
technique. International orthopaedics 2015, 39 (5), 847-51.http://dx.doi.org/10.1007/s00264-014-2587-4

23. Rasuli, K. J.; Gofton, W., Percutaneously assisted total hip (PATH) and Supercapsular percutaneously
assisted total hip (SuperPATH) arthroplasty: learning curves and early outcomes. Ann Transl Med 2015, 3
(13), 179.http://dx.doi.org/10.3978/j.issn.2305-5839.2015.08.02

http://dx.doi.org/10.1001/jama.2020.0785
http://dx.doi.org/10.1007/s11845-009-0437-y
http://dx.doi.org/10.1007/s12178-011-9090-y
http://dx.doi.org/10.1080/17453674.2018.1504505
http://dx.doi.org/10.1007/s00264-018-4124-3
http://dx.doi.org/10.1186/s12891-018-2133-4
http://dx.doi.org/10.2106/JBJS.ST.16.00061
http://dx.doi.org/10.1007/s00064-019-0597-5
http://dx.doi.org/10.1007/s00264-015-2878-4
http://dx.doi.org/10.1007/s00264-014-2587-4
http://dx.doi.org/10.3978/j.issn.2305-5839.2015.08.02


Page 17/22

24. Bachhal, V.;  Jindal, N.;  Saini, G.;   Sament, R.;  Kumar, V.;  Chouhan, D.; Dhillon, M., A new method of
measuring acetabular cup anteversion on simulated radiographs. International orthopaedics 2012, 36 (9),
1813-8.http://dx.doi.org/10.1007/s00264-012-1583-9

25. Lewinnek, G. E.;  Lewis, J. L.;  Tarr, R.;   Compere, C. L.; Zimmerman, J. R., Dislocations after total hip-
replacement arthroplasties. J Bone Joint Surg Am 1978, 60 (2), 217-20

26. Jianbo, J.;  Ying, J.;  Xinxin, L.;   Lianghao, W.;  Baoqing, Y.; Rongguang, A., Hip hemiarthroplasty for
senile femoral neck fractures: Minimally invasive SuperPath approach versus traditional posterior
approach. Injury 2019, 50 (8), 1452-1459.http://dx.doi.org/10.1016/j.injury.2019.06.006

27. Wang, X. D.;  Lan, H.;  Hu, Z. X.;   Li, K. N.;  Wang, Z. H.;  Luo, J.; Long, X. D., SuperPATH Minimally
Invasive Approach to Total Hip Arthroplasty of Femoral Neck Fractures in the Elderly: Preliminary Clinical
Results. Orthop Surg 2020, 12 (1), 74-85.http://dx.doi.org/10.1111/os.12584

28. Xie, J.;  Zhang, H.;  Wang, L.;   Yao, X.;  Pan, Z.; Jiang, Q., Comparison of supercapsular percutaneously
assisted approach total hip versus conventional posterior approach for total hip arthroplasty: a
prospective, randomized controlled trial. Journal of orthopaedic surgery and research 2017, 12 (1),
138.http://dx.doi.org/10.1186/s13018-017-0636-6

29. Meng, W.;  Huang, Z.;  Wang, H.;   Wang, D.;  Luo, Z.;  Bai, Y.;   Gao, L.;  Wang, G.; Zhou, Z.,
Supercapsular percutaneously-assisted total hip (SuperPath) versus posterolateral total hip arthroplasty
in bilateral osteonecrosis of the femoral head: a pilot clinical trial. BMC Musculoskelet Disord 2019, 21
(1), 2.http://dx.doi.org/10.1186/s12891-019-3023-0

30. Rykov, K.;  Reininga, I. H. F.;  Sietsma, M. S.;  Knobben, B. A. S.; Ten Have, B., Posterolateral vs Direct
Anterior Approach in Total Hip Arthroplasty (POLADA Trial): A Randomized Controlled Trial to Assess
Differences in Serum Markers. The Journal of arthroplasty 2017, 32 (12), 3652-3658
e1.http://dx.doi.org/10.1016/j.arth.2017.07.008

31. Zhao, H. Y.;  Kang, P. D.;  Xia, Y. Y.;   Shi, X. J.;  Nie, Y.; Pei, F. X., Comparison of Early Functional
Recovery After Total Hip Arthroplasty Using a Direct Anterior or Posterolateral Approach: A Randomized
Controlled Trial. The Journal of arthroplasty 2017, 32 (11), 3421-
3428.http://dx.doi.org/10.1016/j.arth.2017.05.056

32. Bergin, P. F.;  Doppelt, J. D.;  Kephart, C. J.;  Benke, M. T.;   Graeter, J. H.;  Holmes, A. S.;  Haleem-Smith,
H.;  Tuan, R. S.; Unger, A. S., Comparison of minimally invasive direct anterior versus posterior total hip
arthroplasty based on in�ammation and muscle damage markers. J Bone Joint Surg Am 2011, 93 (15),
1392-8.http://dx.doi.org/10.2106/JBJS.J.00557

33. Bodrogi, A. W.;  Sciortino, R.;  Fitch, D. A.; Gofton, W., Use of the supercapsular percutaneously assisted
total hip approach for femoral neck fractures: surgical technique and case series. Journal of orthopaedic
surgery and research 2016, 11 (1), 113.http://dx.doi.org/10.1186/s13018-016-0446-2

http://dx.doi.org/10.1007/s00264-012-1583-9
http://dx.doi.org/10.1016/j.injury.2019.06.006
http://dx.doi.org/10.1111/os.12584
http://dx.doi.org/10.1186/s13018-017-0636-6
http://dx.doi.org/10.1186/s12891-019-3023-0
http://dx.doi.org/10.1016/j.arth.2017.07.008
http://dx.doi.org/10.1016/j.arth.2017.05.056
http://dx.doi.org/10.2106/JBJS.J.00557
http://dx.doi.org/10.1186/s13018-016-0446-2


Page 18/22

34. Sehat, K. R.;  Evans, R.; Newman, J. H., How much blood is really lost in total knee arthroplasty?.
Correct blood loss management should take hidden loss into account. The Knee 2000, 7 (3), 151-
155.http://dx.doi.org/10.1016/s0968-0160(00)00047-8

35. Smith, G. H.;  Tsang, J.;  Molyneux, S. G.; White, T. O., The hidden blood loss after hip fracture.
Injury 2011, 42 (2), 133-5.http://dx.doi.org/10.1016/j.injury.2010.02.015

36. Foss, N. B.; Kehlet, H., Hidden blood loss after surgery for hip fracture. The Journal of bone and joint
surgery. British volume 2006, 88 (8), 1053-9.http://dx.doi.org/10.1302/0301-620x.88b8.17534

37. Xu, K.;  Anwaier, D.;  He, R.;   Zhang, X.;  Qin, S.;  Wang, G.;   Duan, X.;  Tong, D.; Ji, F., Hidden blood loss
after hip hemiarthroplasty using the superPATH approach: A retrospective study. Injury 2019, 50 (12),
2282-2286.http://dx.doi.org/10.1016/j.injury.2019.10.013

38. Della Torre, P. K.;  Fitch, D. A.; Chow, J. C., Supercapsular percutaneously-assisted total hip
arthroplasty: radiographic outcomes and surgical technique. Ann Transl Med 2015, 3 (13),
180.http://dx.doi.org/10.3978/j.issn.2305-5839.2015.08.04

39. Mitchell, R. J.;  Kay, A. B.;  Smith, K. M.;   Murphy, S. B.; Le, D. T., Early results of displaced femoral neck
fragility fractures treated with supercapsular percutaneous-assisted total hip arthroplasty. Arthroplast
Today 2019, 5 (2), 193-196.http://dx.doi.org/10.1016/j.artd.2019.02.003

40. Abdel, M. P.;  von Roth, P.;  Jennings, M. T.;  Hanssen, A. D.; Pagnano, M. W., What Safe Zone? The Vast
Majority of Dislocated THAs Are Within the Lewinnek Safe Zone for Acetabular Component Position.
Clinical orthopaedics and related research 2016, 474 (2), 386-91.http://dx.doi.org/10.1007/s11999-015-
4432-5

41. Dorr, L. D.; Callaghan, J. J., Death of the Lewinnek "Safe Zone". The Journal of arthroplasty 2019, 34
(1), 1-2.http://dx.doi.org/10.1016/j.arth.2018.10.035

42. Reina, N.;  Putman, S.;  Desmarchelier, R.;  Sari Ali, E.;   Chiron, P.;  Ollivier, M.;  Jenny, J. Y.;   Waast, D.;
 Mabit, C.;  de Thomasson, E.;  Schwartz, C.;   Oger, P.;  Gayet, L. E.;  Migaud, H.;   Ramdane, N.;  Fessy, M.
H.; Sfhg, Can a target zone safer than Lewinnek's safe zone be de�ned to prevent instability of total hip
arthroplasties? Case-control study of 56 dislocated THA and 93 matched controls. Orthop Traumatol Surg
Res 2017, 103 (5), 657-661.http://dx.doi.org/10.1016/j.otsr.2017.05.015

43. Tezuka, T.;  Heckmann, N. D.;  Bodner, R. J.; Dorr, L. D., Functional Safe Zone Is Superior to the
Lewinnek Safe Zone for Total Hip Arthroplasty: Why the Lewinnek Safe Zone Is Not Always Predictive of
Stability. The Journal of arthroplasty 2019, 34 (1), 3-8.http://dx.doi.org/10.1016/j.arth.2018.10.034

44. Maillot, C.;  Harman, C.;   Villet, L.;  Cobb, J.; Riviere, C., Modern cup alignment techniques in total hip
arthroplasty: A systematic review. Orthop Traumatol Surg Res 2019,105 (5), 907-
913.http://dx.doi.org/10.1016/j.otsr.2019.03.015

http://dx.doi.org/10.1016/s0968-0160(00)00047-8
http://dx.doi.org/10.1016/j.injury.2010.02.015
http://dx.doi.org/10.1302/0301-620x.88b8.17534
http://dx.doi.org/10.1016/j.injury.2019.10.013
http://dx.doi.org/10.3978/j.issn.2305-5839.2015.08.04
http://dx.doi.org/10.1016/j.artd.2019.02.003
http://dx.doi.org/10.1007/s11999-015-4432-5
http://dx.doi.org/10.1016/j.arth.2018.10.035
http://dx.doi.org/10.1016/j.otsr.2017.05.015
http://dx.doi.org/10.1016/j.arth.2018.10.034
http://dx.doi.org/10.1016/j.otsr.2019.03.015


Page 19/22

Figures

Figure 1

Flow diagram of the progress through the phases of the randomized trial.
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Figure 2

The SuperPath approach for total hip arthroplasty (THA) in femoral neck fractures: (a) Patient
positioning; (b) Skin incision; (c) Split the gluteus maximus muscle and expose the posterior edge of the
gluteus medius muscle; (d)Two blunt Hohmann retractors are inserted before and after the joint capsule;
(e) Determine the direction of the medullary cavity; (f) Create the initial canal and ensure the anteversion
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angle of the femoral component; (g) Place the acetabular implant and determine the position; (h) Insert
the screw; (I) Close the incision.

Figure 3

Pre- and postoperative levels of Serum markers in the SuperPath and conventional groups.
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Figure 4

Pre- and postoperative visual analog scale (VAS) in the SuperPath and conventional groups.

Figure 5

Pre- and postoperative Harris Hip Score (HHS) in the SuperPath and conventional groups.


