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Background: Supercapsular percutaneously-assisted total hip (SuperPath) arthroplasty has been proposed
to be minimally invasive and tissue sparing, with possible superior postoperative outcomes compared with
conventional approaches for total hip arthroplasty (THA). However, previous studies have underlined the
shortcomings of conventional THA approaches, including higher dislocation, more blood loss, longer
incisions, more tissue damage, and delayed postoperative rehabilitation. In the present study, we compared
the short-term outcomes of unilateral THA with those of SuperPath and the mini-incision posterolateral
approach (PLA) for hip osteoarthritis (OA).

Methods: Patients with unilateral hip OA were prospectively recruited and underwent either SuperPath
(SuperPath group) or mini-incision PLA THA (PLA group). Perioperative status [operative time, incision length,
intraoperative blood loss, soft tissue damage, and length of hospital stay (LOS)], and postoperative function
outcomes, including range of motion (ROM), pain visual analog scale (VAS), and Harris Hip Score (HHS), were
evaluated and compared between the groups at scheduled time points within 12 months postoperatively.
Results: Compared with the PLA group, the SuperPath group yielded a significantly shorter incision
length (7.83 vs. 12.45 cm, P<0.001), longer operative time (102.72 vs. 66.22 min, P<0.001), more blood loss
(1,007.38 vs. 844.55 mL, P=0.005), and more soft tissue damage (creatine kinase: 1,056.05 vs. 821.50 U/L,
P=0.006) on postoperative day 3. The SuperPath group also showed deficient acetabular cup positioning
(abduction angle: 36.94° vs. 42.66°, P=0.004) and a greater decrease in ROM (flexion: 107.66° vs. 114.44°,
P=0.004; 109.83° vs. 116.11°, P=0.002; 111.66° vs. 118.88°, P<0.001) on postoperative days 1, 3, and 14, as
well as severe early-term pain symptoms (pain VAS on postoperative day 3: 7.05 vs. 6.55, P=0.041). However,
the LOS, C-reactive protein levels, erythrocyte sedimentation rate (within 2 weeks postoperatively), and
HHS were comparable between the groups during the 12 months postoperatively.

Conclusions: SuperPath may be a promising, minimally invasive technique for the treatment of OA in
the future. Further investigation is necessary to evidence the possible superiority of SuperPath over other

conventional mini-incision THA approaches.
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Introduction

Osteoarthritis (OA) is the most common form of arthritis,
and mainly affects the elderly (1,2). It has been associated
with heavy physical occupational activities (3,4). If left
untreated, hip OA typically leads to chronic pain, decreased
quality of life, and various disabilities, and will often require
total hip arthroplasty (THA) (5-8). As the global population
ages, THA has become a high-volume surgical intervention
for patients with end-stage hip OA (9,10).

"The conventional posterolateral approach (PLA) is the most
widely utilized approach for THA, with excellent exposure
for both primary and revision THA (11,12). Postoperative
dislocation, one of the most common postoperative
complications, has been associated with traditional approaches
of THA, and is possibly attributable to the intraoperative
extensive impairment of periarticular soft tissue, especially the
external rotators and joint capsules (13-15).

Recently, supercapsular percutaneously-assisted total
hip (SuperPath) arthroplasty has emerged as a minimally
invasive and tissue-sparing alternative to conventional THA
approaches (16). In contrast to conventional approaches,
this superior portal-assisted approach is proposed to access
the hip capsule through the interval between the gluteus
medius and piriformis and to preserve the periarticular
soft tissues (17,18), potentially yielding less postoperative
dislocation and pain, better early function, and earlier
hospital discharge (16,19,20). However, in our recent study,
which compared the 1-year outcomes between SuperPath
and PLA THA for bilateral osteonecrosis of the femoral
head, SuperPath was associated with longer operative time,
more intraoperative blood loss, deficient abduction angle
of the acetabular cup, and inferior early-term hip function
within 12 months postoperatively (21). Despite the similar
cumulative utilization of SuperPath for patients with OA,
the evidence is insufficient to support its clinical benefits
over other conventional approaches to THA.

The present study aimed to compare the short-term
outcomes between SuperPath and PLA THA for unilateral
end-stage primary OA patients. We hypothesized that
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SuperPath would yield superior outcomes for OA patients
compared to PLA THA, with better perioperative status
[operative time, incision length, intraoperative blood loss,
soft tissue damage, and length of hospital stay (LOS)] and
improved postoperative function [range of motion (ROM),
pain, and hip function]. We present the following article
in accordance with the CONSORT reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-1793a).

Methods
Patient selection

Patients with unilateral primary hip OA were recruited
from our department between March 2017 and June 2018.
The study was conducted according to the principles of the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Institutional Review Board of West China
Hospital, West China School of Medicine, Sichuan University
(No. 2016005). and registered on the Research Registry
(https://www.researchregistry.com; No. Researchregistry5326).
Patient characteristics [age, sex, body mass index (BMI),
comorbidities, and American Society of Anesthesiologists
(ASA) grade] were collected to determine whether the two
cohorts were comparable at baseline. The present study
enrolled patients with unilateral end-stage primary hip OA. All
patients provided signed consent for implanting and agreed
to complete the scheduled postoperative 12-month follow-
up. Patients were excluded if they had non-inflammatory
degenerative joint diseases (e.g., osteonecrosis, bilateral OA,
and post-traumatic arthritis), inflammatory joint diseases
(e.g., reactive arthritis, ankylosing spondylitis, rheumatoid
arthritis, and gout), inadequate neuromuscular status (e.g.,
previous paralysis and inadequate abductor strength), and overt
infections or distant foci of infections.

Surgical approach

All surgical procedures were completed by the same team,
led by a senior surgeon (Z Zhou) specializing in lower limb

Ann Transl Med 2021;9(5):392 | http://dx.doi.org/10.21037/atm-20-1793a


http://dx.doi.org/10.21037/atm-20-1793a
https://www.researchregistry.com

Annals of Translational Medicine, Vol 9, No 5 March 2021

reconstruction, with over 15 years’ experience performing
primary and revision THA (over 250 cases annually). To
minimize the influence of a learning curve, the senior surgeon
had performed >50 SuperPath cases prior to the present trial.
SuperPath and mini-incision PLA THA were performed
with specific prostheses (SuperPath group: Microport
Orthopaedics, Arlington, TN, USA; PLA group: DePuy
Synthes, Warsaw, IN, USA), as previously described (11,22).
Both approaches were randomized for each patient, using a
shuffled deck of cards (even: SuperPath, odd: PLA) and were
performed in either the right or left hip. This was a double-
blind study, in which the specific approach type was unknown
to both the patients and the examiners (Z Huang, D Wang, Y
Bai) who assessed patient outcomes.

Preoperative and postoperative data for each patient,
including the age, sex, etiology, age of pain onset, history
of hip injury/surgery, BMI, comorbidities (e.g., chronic
obstructive pulmonary disease, congestive heart failure,
diabetes, and hypertension), and ASA grade, were collected by
3 residents (Z Huang, H Wang, and Z Luo) (23). Operative
time was defined as the total duration from skin incision to
closure of the wound (D Wang), and incision length was
approximated with linen tape along the surgical incision. The
LOS, transfusion rate, and postoperative complications were
also recorded, along with hospital readmission within 1 year
after surgery. Standardized postoperative care was provided,
including infection prophylaxis, venous thromboembolism
prevention, nausea and vomiting management, wound care,
and functional rehabilitation.

Pain management

Multi-modal pain management was offered to all patients as
part of standardized postoperative care (24). Patients received
preoperative femoral nerve block and prophylactic oral
celecoxib (200 mg). An intraoperative periarticular cocktail
injection (100 mL) was injected into the surgical site with
0.5% ropivacaine (49.25 mL), 0.5 mg epinephrine (0.5 mL),
30 mg ketorolac (1 mL), 80 mcg clonidine (0.8 mL), and
sterile water (48.45 mL). Postoperatively, an intravenous
patient-controlled morphine pump and oral celecoxib were
administered for pain control, depending on pain intensity.
After discharge, oral celecoxib or other non-steroidal anti-
inflammatory drugs were used as appropriate.

Postoperative rebabilitation

Both groups of patients undertook an identical rehabilitation
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program, which was delivered by an experienced physical
therapist who received extensive training in managing
postoperative hip conditions before this study. The physical
therapist was blinded to the patient allocation. Briefly,
immediate hip flexion, pneumatic compression with foot
pumps, and deep breathing exercises were emphasized to
minimize thromboembolic and pulmonary complications (25).
After obtaining written approval from the physical therapist,
patients began indoor walking independently with a tolerated
weight bearing. Patients were educated in self-care and home-
based rehabilitation before discharge. They were instructed
to walk daily and to gradually increase their walking distance
toward a goal of 2 km/day. All patients were discharged on
postoperative day 3 and allowed to walk with a cane.

Perioperative total blood loss

The total blood loss was calculated by applying the Gross
and Nadler formulas, as previously described (21).

Perioperative serum markers

"To assess intraoperative soft tissue damage, serum markers,
including creatine kinase (CK), C-reactive protein
(CRP), and the erythrocyte sedimentation rate (ESR),
were measured for each patient before surgery and on
postoperative days 1, 3, and 14 (26).

Acetabular component positioning analysis

Standardized anteroposterior pelvic radiographs were
acquired on both the day of hospital admission and
postoperative day 1. Inclination and anteversion angles of
the acetabular component for each patient were measured
with a computer-assisted measurement system (Japan
Medical Material, Osaka, Japan), as previously described (27).

Pain, ROM, and bip function

The pain visual analog scale (VAS) measures pain on a
scale from 0 (no pain) to 10 (worst imaginable pain). The
VAS was used to measure pain on the day of hospital
admission, on postoperative days 1, 3, and 14, and at 3, 6,
and 12 months after surgery (28). ROMs were measured
using a goniometer the day before surgery, and at 3, 6, and
12 months postoperatively (29). Harris Hip Score (HHS)
was determined on the day of hospital admission, on
postoperative days 1, 3, and 14, and at 3, 6, and 12 months

Ann Transl Med 2021;9(5):392 | http://dx.doi.org/10.21037/atm-20-1793a



Page 4 of 13

Meng et al. SuperPath vs. posterolateral THA for hip OA

‘ Enrollment ‘

’ Assessed for eligibility (n=79) ‘

Excluded (n=39)
¢ Not meeting inclusion criteria (n=27)

¢ Declined to participate (n=9)
e Other reasons (n=3)

Randomized (n= 40)

'

Allocated to intervention (n=20)
* Received allocated intervention (n=20)
¢ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n= 20)
e Excluded from analysis (n=0)

Allocation

¢ Follow-Up l

Analysis

!

Allocated to intervention (n=20)
* Received allocated intervention (n=20)
¢ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Analysed (n=20)
e Excluded from analysis (n=0)

Figure 1 CONSORT flow diagram of patient recruitment and follow-up.

post-surgery (30).

Statistical analysis

Values were expressed as means = standard deviations, unless
otherwise stated. Analysis of variance (ANOVA) was used to
compare age and BMI between the groups, and the y test
was used to compare sex, ASA grade, comorbidities, and the
transfusion rate. Continuous data were analyzed with the
Student’s #-test or non-parametric Mann-Whitney U-test as
appropriate. One-way ANOVA was performed to compare
the VAS and HHS between the different assessment time
points. P<0.05 was considered statistically significant.
Calculations were performed using SPSS version 24 (SPSS
Inc., Chicago, IL, USA).

Results
Patient demographics and surgical details

Forty patients were enrolled in the present study and
randomized evenly into the SuperPath and PLA groups
(Figure 1). All patient demographic characteristics were
compared between the groups, including age, sex, BMI,
comorbidities, and ASA grade (1uble I).

The incision length in the SuperPath group was
significantly shorter than that in the PLA group (7able I).
However, the operative time was significantly longer in
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the SuperPath group than in the PLA group. Similarly,
the mean blood loss was significantly higher in the
SuperPath group. However, both groups were comparable
in terms of the LOS, blood transfusion rate, postoperative
complications, and hospital re-admission/reoperation rate
within 12 months postoperatively.

Perioperative serum markers change

The serum markers (CK, CRP, and ESR) showed
equivalent trends in both groups within the 2 weeks
postoperatively (Figure 2 and Table 2). CK and CRP levels
in the SuperPath group were higher than those in the PLA
group at all assessment time points. Specifically, the CK
level in the SuperPath group (1,056.05£232.05 mg/L) was
higher than that of the PLA group on postoperative day
3 (821.50+187.98 mg/L, P=0.006), and the difference was
significant. All serum markers reached maximal levels (CK:
1,056.05 vs. 821.50 mg/L, CRP: 78.18 vs. 61.20 U/L, and
ESR: 44.00 vs. 46.05 mm/h in the SuperPath and PLA
groups, respectively) on postoperative day 3, and were
comparable on postoperative day 14.

Acetabular cup position

Postoperative radiographs showed that the cup abduction
angle in the SuperPath group (36.94°) was significantly
lower than that in the PLA group (42.66°, P=0.004) (Tuble 3).
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Table 1 Demographic characteristics
Characteristics SuperPath (n=20) PLA (n=20) P value
Mean age (SD), years 64.55 (9.06) 65.25 (10.33) 0.989
Sex, male/female 8/12 9/11 0.749
Mean BMI (SD), kg/m® 23.36 (2.55) 22.82 (2.61) 0.414
Diabetes, n [%]

Type | 0 0 n.a.

Type Il 7 [35] 9 [45] 0.519
Smoking, n [%)] 11 [55] 9 [45] 0.527
COPD, n [%)] 2[10] 3[15] 0.633
CHF, n [%] 0 0 n.a.
Dialysis, n [%] 0 0 n.a.
Hypertension, n [%] 12 [60] 13 [65] 0.744
History of hip injury, n [%] 0 0 n.a.
History of hip surgery, n [%] 0 0 n.a.
ASA grade, n [%] 1.000

1 0 0

2 13 [65] 13 [65]

3 7 [35] 7 [35]

4 0 0
Perioperative data, mean (SD)

Incision length (cm) 7.83(1.12) 12.45(1.71) <0.001*

Operative time (min) 102.72 (13.55) 66.22 (11.59) <0.001*

Blood loss (mL) 1,007.38 (174.22) 844.55 (161.16) 0.005*

Length of stay (days) 3.00 (0.00) 2.72 (0.57) 0.161

Transfusion rate 0 0 n.a.
Postoperative complications, n [%] 0 0 n.a.
Readmission within 12 months postoperatively, n [%] 0 0 n.a.
Reoperation within 12 months postoperatively, n [%] 0 0 n.a.

Statistical analyses were performed with Mann-Whitney U-test or y®test, as appropriate. *, P<0.05. SuperPath, supercapsular
percutaneously-assisted total hip; PLA, posterolateral approach; SD, standard deviation; BMI, body mass index; COPD, chronic
obstructive pulmonary disease; n.a., not applicable; CHF, congestive heart failure; ASA, American Society of Anesthesiologist.

The average cup anteversion angle between the groups was postoperative days 1, 3, and 14 (SuperPath, 107.66°,

comparable.

ROM

109.83°, 111.66° PLA, 114.44°, 116.11°, 118.88°; all
P<0.05) (Tuble 4). These significant differences had
disappeared 3 months after surgery. However, abduction
and external rotation ROMs remained similar between

ROM of the affected hip in the SuperPath group was the groups at all assessment time points within 12 months
significantly lower than that in the PLA group on postoperatively (P<0.815 and P<0.696, respectively).
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Figure 2 Perioperative changes of serum markers, including creatine kinase (CK), C-reactive protein (CRP), and the erythrocyte
sedimentation rate (ESR), after unilateral total hip arthroplasty with either the supercapsular percutaneously-assisted total hip (SuperPath)
or mini-incision posterolateral approach (PLA) for hip osteoarthritis. *, P<0.05 indicates statistical significance between the SuperPath group

and PLA groups.

Table 2 Perioperative changes of serum markers

Variable Time point SuperPath (n=20) PLA (n=20) P value
CK, U/L Preoperative 130.16 (107.20) 117.33 (55.82) 0.988
Postoperative day 1 653.66 (218.23) 592.88 (237.34) 0.424
Postoperative day 3 1,056.05 (232.05) 821.50 (187.98) 0.006*
Postoperative day 14 144.94 (87.28) 125.33 (83.87) 0.501
CRP, mg/L Preoperative 4.65 (2.56) 4.50 (2.36) 0.938
Postoperative day 1 50.69 (45.25) 41.34 (22.76) 0.696
Postoperative day 3 78.18 (50.94) 61.20 (29.98) 0.462
Postoperative day 14 8.79 (11.59) 6.13 (2.66) 0.888
ESR, mm/h Preoperative 19.27 (11.84) 17.55 (15.69) 0.252
Postoperative day 1 38.50 (16.29) 34.11 (17.19) 0.424
Postoperative day 3 44.00 (20.00) 46.05 (19.71) 0.791
Postoperative day 14 30.66 (12.92) 35.33 (16.38) 0.339

Data are reported as mean (standard deviation). Statistical analyses were performed with either Mann-Whitney U-test or y* test, where
appropriate. *, P<0.05. SuperPath, supercapsular percutaneously-assisted total hip; PLA, posterolateral approach; CK, creatine kinase; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; SD, standard deviation.

Pain and bip function

On postoperative day 3, pain VAS was significantly higher in
the SuperPath group (7.05) compared with the PLA group
(6.55, P=0.041) and remained comparable between both
groups at other time points within 1 year postoperatively
(Figure 3 and Table 5). Interestingly, pain symptoms were
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significantly relieved on postoperative day 3 (6.55£0.70)
in the PLA group, but the SuperPath group did not show
significant relief of pain symptoms until postoperative
day 14 (5.11£1.02) (Table 5). In both groups, the pain VAS
reached its minimum plateau between 6 and 12 months

postoperatively.
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Table 3 Radiological evaluation of acetabular cup positioning on
postoperative day 1

SuperPath

Variable (n=20) PLA (n=20) P value
Abduction angle (°) 36.94 (6.37) 42.66 (3.58) 0.004*
Anteversion angle (°)  13.94 (4.73) 15.11 (4.06) 0.501

Data are reported as mean (standard deviation). Statistical
analyses were performed with either Mann-Whitney U-test
or y? test, where appropriate. *, P<0.05. PLA, posterolateral
approach; SuperPath, supercapsular percutaneously-assisted
total hip.

Differences in average HHS were not significant between
the groups at any time point (7zble 5). Further individual
analyses of the HHS change pattern showed that hip
function showed immediate improvement on postoperative
day 1 (P<0.001) in both groups compared to preoperative
baseline data (Table 6). Of note, hip function was observed
to be significantly improved on postoperative day 14
(70.66+6.22) in the PLA group, but only showed a significant
improvement at 3 months postoperatively (82.44+3.51) in
the SuperPath group. Improvement in hip function reached
its maximum plateau between 6 and 12 months in both
groups (6 vs. 12 months postoperatively, P>0.05).

Discussion

The present study demonstrated that, compared with
the conventional PLA for unilateral THA for hip OA,
SuperPath is associated with a significantly longer operative
time, more total blood loss and soft tissue damage,
deficient acetabular cup positioning, and inferior early-
phase postoperative recovery in terms of pain symptoms,
ROM, and hip function within 12 months postoperatively.
However, the incision length was considerably shorter with
SuperPath, and the two groups had comparable outcomes
for LOS and 1-year hip function.

Over past decades, various minimally invasive procedures
have been proposed for THA, with the primary aims of
minimizing soft tissue damage and improving postoperative
cosmesis (31). The concept of surgical invasiveness cannot
be limited to the length or size of the skin incision; it
must be extended to all anatomical structures dissected
during the procedure and essential issues relating to the
entire perioperative phase, such as the type of anesthetic,
operative time, intraoperative bleeding, postoperative pain,
complication and success rates, and long-term outcomes (21).

© Annals of Translational Medicine. All rights reserved.
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To the best of our knowledge, this is the first study to
show the SuperPath approach to have less favorable short-
term outcomes than conventional PLA THA for hip OA.
SuperPath was found to have a significantly shorter incision
length; however, it had a significantly longer operative time
and more intraoperative blood loss than conventional PLA
THA, even when performed by an experienced team. Of note,
the SuperPath group unexpectedly yielded more soft tissue
damage and significantly increased serum CK levels compared
with the PLA group on day 3 postoperatively. These data are
in accordance with a recent study that highlighted that the
SuperPath technique resulted in significantly increased hidden
blood loss compared with the conventional posterior approach
for hip hemiarthroplasty (32). However, the findings of the
present study were not in agreement with a previous case series
that claimed that SuperPath was a tissue-sparing minimally
invasive alternative to PLA THA that could intraoperatively
preserve the periarticular soft tissue (16,19,20,33-35). These
inconsistent results are possibly attributable to additional
intraoperative soft tissue (mainly muscle) damage from
many sources (36), including intraoperative stretching (37),
unintentional detachment (37), and varied instrument
retraction (38,39), during the significantly elongated time
taken to perform the SuperPath procedure (32,40-42).
Therefore, more studies are needed to identify the factors
that contribute to soft tissue damage during the SuperPath
procedure and to determine the possible advantages of this
approach over traditional techniques.

The significantly restricted hip ROM on postoperative day
3 and considerably increased pain symptoms within 2 weeks
postoperatively were also observed in the SuperPath group
compared with the PLA group. A higher serum CK level was
also found in SuperPath group. Interestingly, both serum CK
level and hip ROM were comparable between the groups
after postoperative day 14. This temporary aggravated ROM
restriction in the SuperPath group might be attributable to
both intraoperative soft tissue damage and postoperative
pain. As stated by other authors, the clinical importance
of postoperative CK values and associations between hip
function with other clinical outcomes (e.g., soft tissue damage,
pain symptoms, and blood loss) warrants further study (21,32).

Although perioperative pain VAS and HHS at various
time points were generally comparable, chronological
comparisons of these data revealed these that these two
parameters showed different patterns between the groups.
Pain VAS significantly improved as early as postoperative
day 3 in the PLA group, while the improvement in the
SuperPath group reached significance on postoperative day

Ann Transl Med 2021;9(5):392 | http://dx.doi.org/10.21037/atm-20-1793a
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Table 4 Preoperative and postoperative range of motion (°) within 12 months postoperatively

Variable Time point SuperPath (n=20) PLA (n=20) P value
Flexion Preoperative 90.33 (14.11) 89.61 (11.81) 0.815
Postoperative day 1 107.66 (7.87) 114.44 (4.81) 0.004*
Postoperative day 3 109.83 (6.54) 116.11 (4.39) 0.002¢
Postoperative day 14 111.66 (6.18) 118.88 (3.23) <0.001*
Postoperative 3 months 119.72 (5.80) 121.22 (3.65) 0.501
Postoperative 6 months 121.44 (4.52) 123.05 (5.97) 0.628
Postoperative 12 months 124.72 (5.27) 124.16 (7.12) 0.481
Abduction Preoperative 21.94 (10.86) 23.05 (9.09) 0.521
Postoperative day 1 28.61 (5.89) 29.44 (5.65) 0.584
Postoperative day 3 28.88 (5.82) 30.55 (5.65) 0.323
Postoperative day 14 31.38 (4.79) 32.77 (4.27) 0.339
Postoperative 3 month 34.44 (4.16) 35.27 (3.19) 0.521
Postoperative 6 month 36.11 (4.39) 36.66 (3.42) 0.767
Postoperative 12 months 38.61 (4.13) 38.33 (2.97) 0.815
Adduction Preoperative 16.75 (3.95) 14.75 (4.11) 0.521
Postoperative day 1 15.75 (0.96) 15.50 (1.00) 0.767
Postoperative day 3 18.25 (1.25) 18.75 (1.50) 0.628
Postoperative day 14 21.25 (2.50) 22.25 (0.96) 0.938
Postoperative 3 months 23.50 (2.38) 24.00 (1.41) 0.888
Postoperative 6 months 26.00 (1.41) 24.50 (3.70) 0.424
Postoperative 12 months 26.75 (2.36) 27.25 (4.35) 0.791
External rotation Preoperative 21.00 (4.55) 20.75 (3.10) 0.815
Postoperative day 1 21.00 (7.26) 22.25 (3.30) 0.791
Postoperative day 3 23.50 (5.97) 24.25 (2.99) 0.888
Postoperative day 14 27.25 (3.20) 26.75 (2.36) 0.988
Postoperative 3 months 30.75 (2.63) 30.50 (2.38) 0.767
Postoperative 6 months 33.25 (0.96) 34.50 (3.11) 0.424
Postoperative 12 months 37.75 (2.63) 36.25 (4.79) 0.696

Data are reported as mean (standard deviation). Statistical analyses were performed with either Mann-Whitney U-test or j° test, where
appropriate. *, P<0.05. PLA, posterolateral approach; SuperPath, supercapsular percutaneously-assisted total hip.

14. Similarly, hip function showed a significant improvement
as early as postoperative day 14 in the PLA group, but not
until 3 months postoperatively in the SuperPath group.
These data indicated that SuperPath was associated with
overall inferior patient-reported outcomes during the
early postoperative phase in terms of pain symptoms and

© Annals of Translational Medicine. All rights reserved.

hip function. Moreover, cumulative evidence shows that
patients with radiographically stable THA implants can
develop chronic pain for unknown reasons (43). A recent
nationwide survey in Denmark reported that 28% of THA
patients suffered from chronic ipsilateral hip pain after
12 months postoperatively, of whom 12% had moderate to
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Figure 3 Perioperative changes in pain visual analog scale (VAS) and Harris Hip Score after unilateral total hip arthroplasty with either the
supercapsular percutaneously-assisted total hip (SuperPath) or mini-incision posterolateral approach (PLA) for hip osteoarthritis. *, P<0.05

indicates statistical significance between the SuperPath group and PLA groups.

Table 5 Preoperative and postoperative pain VAS and HHS within 12 months postoperatively

Variable Time point SuperPath (n=20) PLA (n=20) P value
Pain VAS Preoperative 7.61(0.77) 7.38 (0.60) 0.443
Postoperative day 1 7.38 (0.77) 6.94 (0.72) 0.097

Postoperative day 3 7.05 (0.72) 6.55 (0.70) 0.041*

Postoperative day 14 5.11 (1.02) 4.44 (0.92) 0.097

Postoperative 3 months 1.77 (0.80) 1.55 (0.85) 0.372

Postoperative 6 months 0.66 (0.68) 0.72 (0.57) 0.743

Postoperative 12 months 0.05 (0.23) 0.11 (0.32) 0.791

HHS Preoperative 45.61 (12.77) 43.44 (12.91) 0.521
Postoperative day 1 62.50 (10.07) 60.11 (6.46) 0.443

Postoperative day 3 66.44 (9.03) 63.50 (7.17) 0.293

Postoperative day 14 72.27 (8.33) 70.66 (6.22) 0.339

Postoperative 3 months 82.44 (3.51) 82.38 (2.68) 0.815

Postoperative 6 months 87.77 (3.47) 87.55 (3.56) 0.839

Postoperative 12 months 92.61 (2.76) 92.66 (2.80) 0.988

Data were reported as mean (standard deviation). Statistical analyses were performed with Mann-Whitney U-test or y’test, as appropriate.
*, P<0.05. VAS, visual analog score; HHS, Harris Hip Score; PLA, posterolateral approach; SuperPath, supercapsular percutaneously-
assisted total hip.

significant limitations on their daily activities due to chronic Acetabular component positioning has been recognized
hip pain (44). Therefore, in the present study, which only had to be an essential variable in decreasing the risk of
a l-year follow-up, we were unable to determine the ultimate dislocation following either primary or revision THA (45).
outcomes of the patients. Unsatisfactory acetabular cup positioning might increase
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Table 6 Chronological changes of the pain VAS and HHS within 12 months postoperatively

VAS HHS

Comparisons between assessment time points

SuperPath PLA SuperPath PLA
Preoperative vs. postoperative day 1 0.974 0.477 <0.001* <0.001*
Preoperative vs. postoperative day 3 0.295 0.009* <0.001* <0.001*
Preoperative vs. postoperative day 14 <0.001* <0.001* <0.001* <0.001*
Preoperative vs. postoperative 3 months <0.001* <0.001* <0.001* <0.001*
Preoperative vs. postoperative 6 months <0.001* <0.001* <0.001* <0.001*
Preoperative vs. postoperative 12 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 1 vs. postoperative day 3 0.837 0.636 0.757 0.751
Postoperative day 1 vs. postoperative day 14 <0.001* <0.001* 0.007* <0.001*
Postoperative day 1 vs. postoperative 3 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 1 vs. postoperative 6 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 1 vs. postoperative 12 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 3 vs. postoperative day 14 <0.001* <0.001* 0.310 0.033*
Postoperative day 3 vs. postoperative 3 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 3 vs. postoperative 6 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 3 vs. postoperative 12 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 14 vs. postoperative 3 months <0.001* <0.001* 0.004* <0.001*
Postoperative day 14 vs. postoperative 6 months <0.001* <0.001* <0.001* <0.001*
Postoperative day 14 vs. postoperative 12 months <0.001* <0.001* <0.001* <0.001*
Postoperative 3 months vs. postoperative 6 months <0.001* 0.009* 0.420 0.267
Postoperative 3 months vs. postoperative 12 months <0.001* <0.001* 0.004* <0.001*
Postoperative 6 months vs. postoperative 12 months 0.193 0.127 0.542 0.280

Comparisons of the pain VAS and HHS between each time point were analyzed with one-way analysis of variance using Tukey’s honestly
significant difference post-hoc test. *, P<0.05. VAS, visual analog score; HHS, Harris Hip Score; PLA, posterolateral approach; SuperPath,

supercapsular percutaneously-assisted total hip.

the wear rate and deteriorate the long-term stability of
the hip implants (46). We previously reported a relatively
lower average abduction angle in the SuperPath group
(38.75°) compared with the PLA group (44.50°) for bilateral
osteonecrosis of the femoral head. Similarly, in the present
study, we found a significantly lower average abduction
angle in the SuperPath group compared with the PLA
group for hip OA, which possibly serves as a cause for
concern of cumulative long-term risk of dislocation. The
more limited intraoperative exposure during the SuperPath
procedure, which is an extra impediment to accurate manual
positioning of the acetabular component, might have
been responsible for these results. However, the impact of

© Annals of Translational Medicine. All rights reserved.

acetabular cup positioning on long-term outcomes of the
SuperPath implant needs to be evaluated further.

SuperPath has recently attracted increased interest from
orthopedic surgeons, with the possible advantages of tissue
sparing and minimal invasiveness, for various indications
of primary or revision THA, including femoral neck
fracture and osteonecrosis of the femoral head (16,32,47).
However, to date, studies on SuperPath have been either
cohort studies or case-control studies with <2-year
follow-up (21,35,47). This short-term follow-up does not
allow for the determination of the ultimate outcomes of
the SuperPath technique, considering that the implant
survivorship in hip arthroplasty generally starts to diverge
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after 10 years postoperatively (48). However, a recent study
on cost effectiveness reported that the SuperPath technique
resulted in in-hospital cost reductions of over 28%
compared with the standard lateral approach for THA (20).
The present lack of long-term studies on SuperPath poses
the question of whether this technique is cost effective.
Currently available evidence is inadequate to either
validate SuperPath as a superior alternative to conventional
THA approaches or recommend its pathology-specific
indications. More non-biased, high-powered, randomized
controlled clinical trials to compare the long-term ultimate
outcomes with in-depth cost-effectiveness analyses are
necessary to determine the possible advantages of the
SuperPath technique over conventional THA approaches,
and to properly define its possible indications.

The present study has some limitations. First, the
sample size was relatively limited without a power analysis
performed in the research planning phase, and the
postoperative follow-up was short. Second, the different hip
implants utilized for both approaches might have influenced
the postoperative outcomes. Third, the extent of muscle
damage was only assessed with serum markers within
2 weeks postoperatively, while no radiographic analyses,
such as magnetic resonance imaging, were performed to
confirm perioperative alterations of these serum markers.
Strengths of this investigation include its detailed and
comprehensive chronological comparisons of robust
patient-reported outcomes, radiographic parameters, and
function scores for the first time between the SuperPath
technique and conventional THA approaches for hip OA.

Conclusions

Although SuperPath is a minimally invasive technique,
the present study shows, for the first time, that it had less
favorable short-term outcomes than PLA for unilateral
THA in patients with primary hip OA. Further studies are
necessary to provide convincing evidence of SuperPath over
other conventional mini-incision THA approaches.
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