
Acta Biomed 2023; Vol. 94, N. 3: e2023069 	 DOI: 10.23750/abm.v94i3.13922	 © Mattioli 1885

O r i g i n a l  a r t i c l e

Minimally invasive surgery supercapsular  
percutaneously-assisted total hip (SuperPath) arthroplasty: 
Applicability to mildly dysplastic osteoarthritis and early 
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Abstract. Background and aim: The benefits of minimally invasive surgical techniques in total hip arthroplasty 
(THA) are well known, but concerns about applying SuperPATH in patients with secondary OA of acetabu-
lar dysplasia do not have been reported. We aim to evaluate whether SuperPATH is applicable to secondary 
OA, furthermore, to quantify the recovery of lower extremity function. Methods: 30 patients with secondary 
OA admitted for THA applying SuperPATH were investigated. Clinical Japanese Orthopaedic Association 
( JOA) Score and radiographical evaluation were performed. Following was examined pre- and early post-
operatively; pain level, blood tests, TUG and 10-M walking time for lower limb recovery. Results: Preopera-
tive radiographic measurements revealed an average Sharp angle of 46.2 ± 2.8 degrees and CE angle of 19.4 
± 7.3 degrees. 29 THAs had Crowe Type I and 1 THA had Crowe Type II. JOA score improved from 48.8 
preoperatively to 91.5 at 2 months postoperatively. The perioperative pain assessment (VAS) averaged 7.0±1.5 
preoperatively, 4.6±2.6 on the first postoperative day, then decreased gradually to 1.2±1.4 at 2 weeks. Blood 
data showed that creatine kinase, myoglobin, and CRP were significantly elevated on the day after surgery, 
but they normalized at 2 weeks postoperatively. Both TUG and 10M walking time showed slightly higher 
values at 1 week postoperatively compared to preoperatively but recovered to the same level as preoperatively 
at 2 weeks after surgery. Conclusions: Our data suggests that SuperPATH approach to THA for secondary 
OA of dysplasia was applicable to mildly dysplastic OA and achieved an early recovery of lower limb function. 
(www.actabiomedica.it)
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Introduction

In recent years, various hip joint surgical ap-
proaches have been introduced to reduce dislocation, 
a complication after total hip arthroplasty (THA), 
and to improve early return to society and Activities 
of Daily Living (ADL), and their early recovery and 
low dislocation rates have been reported. SuperPath 
approach is a kind of posterior approach that does not 

involve releasing the external rotator muscles but only 
partially releasing and suturing the posterior capsule, 
thus preserving the muscles and tendons around the 
hip. SuperPath-THA is performed by entering hip 
joint between the posterior border of the gluteus me-
dius and the external rotator muscles and inserting 
a device for acetabular manipulation using a portal 
through a separate skin incision. SuperCAP (Mur-
phy 2004, 2013) (1, 2) is a similar method of hip joint 
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entry between the posterior border of the medius mus-
cle and the piriformis, but the piriformis is allowed to 
be released and the flap of the capsule is formed an-
teriorly. The femoral head was resected after femoral 
manipulation without dislocation, and then a special 
angled device was needed for acetabular manipulation, 
which was complicated. On the other hand, PATH 
(Penenberg et al. 2008) (3), which was introduced as 
a new technique for acetabular manipulation including 
the portal through a separate incision with the same 
penetration method, is beginning to be performed at 
the same time. Both SuperCAP and PATH have been 
reported to have excellent short-term results (1-3). Su-
perPath approach is a technique that combines PATH 
with the creation of a separate skin incision portal to 
compensate for the complications of SuperCAP and 
differs from SuperCAP and PATH in that it preserves 
the piriformis and uses a single straight incision of the 
capsule. This technique was first reported by James 
Chow et al. in 2011 (4), and since then many reports 
have been published in Europe and the United States, 
showing that the short-term results are comparable to 
or better than those of other THA techniques (5-7). 
However, unlike in Europe and the United States, 
where primary osteoarthritis (OA) is more common, it 
is not clear whether similar results can be expected for 
secondary OA in Japan where acetabular dysplasia can 
be main cause of secondary OA.The purpose of this 
study is to evaluate whether the SuperPath approach is 
applicable to secondary OA. Furthermore, to quantify 
the recovery of lower extremity function in patients 
undergoing THA with the SuperPath approach.

Patients and methods

Of the patients scheduled for THA for second-
ary OA of dysplasia at our department between March 
2016 and March 2018, 30 patients who agreed to par-
ticipate in the study and underwent THA using the 
SuperPath approach were included. Patients with a 
preoperative Xp dislocation degree of Crowe Type (8) 
3 or 4 or a preoperative UCLA Activity Score (9) of 
2 or less were excluded.

This study was approved by our Institutional Re-
view Board. 30 THAs included 5 males and 25 females 

with a mean age at surgery of 66 ± 8.7 years, mean 
BMI of 23 ± 2.2 (kg/m2), and mean postoperative ob-
servation period of 25 months (15-38 months). The 
preoperative UCLA Activity Score was 3 (21 THAs), 
4 (7 THAs), and 6 (2 THAs), respectively (Table 1).

All patients underwent THA under general anes-
thesia by using the SuperPath approach to the joint (1). 
All subjects used MicroPort Orthopedics’s (Arlington, 
TN, USA) Dynasty Biofoam cementless cups on the 
acetabular side, and Profemur Z (29 THAs) and Profe-
mur TL (1 THA) on the femoral side. Modular necks 
were used for all femoral stems. No screws were used 
for cup fixation, and no THAs required massive bone 
grafting on the acetabulum. Ceramic heads were used 
in all THAs, and the head size was determined by the 
diameter of the placed cup (28 mm in 6 THAs, 32 mm 
in 24 THAs). A navigation system (Stryker) was used 
in 22 THAs for intraoperative acetabular manipula-
tion, and intraoperative XP control was performed in 
all THAs to confirm implant placement and align-
ment. For postoperative pain management, all patients 
had only Nsaids taken orally for two weeks.

Intraoperative evaluation items included op-
erative time and intraoperative blood loss. JOA 
( Japanese Orthopaedic Association) scores (Pain;0-
40, ROM;0-20, Walking ability;0-20, ADL;0-20, 
minimum 0 to maximum 100) (10) were clinically 
evaluated preoperatively, 2 months postoperatively, and 
1  year postoperatively. Perioperative pain was evalu-
ated preoperatively, 1 day postoperatively, 2 days post-
operatively, 3 days postoperatively, 1 week, 2 weeks, 
3 weeks postoperatively, and 2 months postoperatively 
using the Visual Analog Scale; VAS (minimum 0 to 
maximum 10). Complications (dislocation, fracture, 
infection, pulmonary embolism, neuropathy and so 
on) were also investigated up to 1 year postoperatively.

Table 1. Study patient demographic characteristics.

Number of Patients 30

Age (years) 66±8.7

Sex Ratio (M/F) 5/25

Height (cm) 154.9±7.6

Weight (kg) 56±8.4

BMI (kg/m2) 23±2.2
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To assess recovery of lower limb function, the 
Time Up and Go test (TUG) (11) and 10-meter 
(10M) (12) walk time were measured preoperatively 
and at 1, 2, and 3 weeks postoperatively. In addition, 
the number of postoperative days until the patients 
could a) walk more than 50-meter (50M) with a stick, 
b) ascend and descend stairs with a handrail, and c) put 
on and take off socks by themselves without any self-
help devices were also evaluated.

Serum creatine kinase (CK, IU/L), myoglobin 
(MG, ng/mL), and C-reactive protein (CRP, mg/dL) 
were measured preoperatively, 1 day postoperatively, 
1 week postoperatively, and 2 weeks postoperatively.

Radiographically, the degree of acetabular dys-
plasia was measured using the Sharp angle (13) and 
Center-Edge (CE) angle (14) from a simple preop-
erative hip x-ray, and the degree of dislocation was 
evaluated using the Crowe Type (8). Immediately 
postoperative and 2-month postoperative simple hip 
X-rays were compared to evaluate implant migration 
and fixation (15, 16). Implant alignment was also eval-
uated by hip CT at postoperative 2 months.

Results

The mean operative time was 118±11 minutes, 
and the intraoperative blood loss was 417±206 ml.

JOA score improved from 48.8 preoperatively to 
91.5 at 2 months postoperatively and 95.1 at 1 year 
postoperatively (Table 2, Figure 1). The periopera-
tive pain assessment (VAS) averaged 7.0±1.5 preop-
eratively, 4.6±2.6 on the first postoperative day, then 
decreased gradually to 2.4±2.0 at 1 week, 1.2±1.4 at 
2  weeks, and 0.1±0.3 at 1 month postoperatively 
(Table 2, Figure 2).

The trends of blood test data showed that CK, 
MG, and CRP were significantly elevated on the day 
after surgery (p<0.01), but they almost returned to the 
preoperative level at 1 week postoperatively and nor-
malized at 2 weeks postoperatively (Table 2, Fig. 3).

Both TUG and 10M walking time showed simi-
lar trends in functional recovery of the lower extremity, 
with slightly higher values at 1 week postoperatively 
compared to preoperatively but recovered to the same 
level as preoperatively at 2 weeks after surgery and 

were lower than that preoperatively at 3 weeks post-
operatively (Table 2 Figure 4). The Median time from 
postoperative to 50M independence in walking with 
a cane was 3 days (min. 1 day, max. 14 days), to inde-
pendence in stair climbing with handrails was 3 days 
(min. 2 days, max. 7 days), and to independence in put-
ting on and taking off socks was 6 days (min. 2 days, 
max. 10 days).

As for complications, there were no disloca-
tions, no infections, and no subjects of pulmonary 
embolism. However, 2 THAs had cracked fractures 
of the proximal femur at the time of intraoperative 
stem insertion, and wire fastening was conducted as 
an additional intraoperative procedure, and the clini-
cal course was good thereafter. 2 THAs had sciatic 
nerve palsy immediately after surgery but recovered 
completely 3 months after surgery with conservative 
treatment.

Preoperative radiographic measurements revealed 
an average Sharp angle of 46.2 ± 2.8 degrees and CE 
angle of 19.4 ± 7.3 degrees for acetabular dysplasia, 
and regarding Crowe Type, 29 THAs had Crowe Type 
I and 1 THA had Crowe Type II. Postoperative ra-
diographic evaluation revealed abduction angle of 
40 ± 4.2°, anatomic anteversion angle of 24 ± 5.7° for a 
cup, and an anteversion angle of 34 ± 9.8° for the stem. 
Stem alignment was within 2 degrees of varus/valgus 
for all THAs, but anterior insertion (flexion insertion) 
of more than 5 degrees was identified in 2 THAs (8%) 
on lateral femoral images. Comparison of the imme-
diate postoperative and 2-month postoperative x-rays 
showed no change in cup alignment in all THAs. 
Stem subsidence of more than 2 mm was observed in 
2 THAs (8%), but there was no subsequent progres-
sion. No loosening of the cup or stem was observed at 
2 months postoperatively in all THAs.

Discussion

This study was conducted to study the outcomes 
after the SuperPath technique for secondary OA of 
dysplastic patients, a condition that is common in 
Japan and results of which are yet to be reported. For 
this purpose, the study collected patients’ outcomes 
using JOA, reduction of pain using VAS, functional 
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Figure 1. Pre-OP and post-OP study subject JOA Score.

Figure 2. Pre-OP and post-OP study subject VAS.
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Figure 3. Pre-OP and post-OP study subject blood test data.

Figure 4. Pre-OP and post-OP study subject TUG and 10M walking time.
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almost preoperative status at 1 week postoperatively 
and normalized at 2 weeks postoperatively.

Looking at the recovery of lower extremity func-
tion in this study, both TUG and 10M walking time 
showed a similar trend, with slightly higher values at 
1 week postoperatively compared to preoperatively but 
recovered to the same level preoperatively at 2 weeks 
and was less than preoperative value at 3 weeks post-
operatively. Zhang et al (20) performed a postoperative 
gait analysis of two groups, SuperPath and THA with a 
Hardinge approach and found that walking speed was 
significantly faster in the SuperPath group on postop-
erative day 5 and 4weeks and was not significant at 12 
weeks postoperatively. And SuperPath step length was 
significant larger at day5 postoperatively and was not 
significant at 12weeks postoperatively. Dou et al (21) 
divided THA patients with the SuperPath approach 
into two groups (early rehabilitation group and regular 
rehabilitation group) and compared the degree of re-
covery and reported that recovery of ADL and balance 
function was particularly good at 1 month postop-
eratively, with the early rehabilitation group showing 
significantly faster recovery. The results of this study 
showed that the median time from postoperative to 
50M independent walking with a cane was an average 
of 3 days, to independent stair up/down with hand-
rails was an average of 3 days, and to independent sock 
putting on and taking off was an average of 6 days. 
Fink et al (22) compared two groups of THA using 
the MIS posterior approach and the Standard poste-
rior approach, and reported a significant difference in 
the MIS posterior approach group, with an average of 
2.7 days to walk with a cane in the hospital ward and 
5.3 days to stair up/down. Previous reports have shown 
significantly faster recovery of objective parameters in 
gait analysis after THA surgery with SuperPath ap-
proach compared to the conventional approach, and 
the results of this study also support the previous re-
ports. The report by Dou et al (15) also suggests a sig-
nificant influence of early postoperative rehabilitation 
intervention.

The patient’s blood test data as an indicator of 
surgical invasion returned to the preoperative level at 1 
week postoperatively, and the patient’s subjective post-
operative pain evaluation of the VAS showed a low 
value of 2.4 ± 2.0 at 1 week postoperatively, suggesting 

activities using TUG and custom walking tests and 
analysis biomarkers from blood tests.

The results of this study showed that the JOA 
score recovered from 48.8 preoperatively to 91.5 at 2 
months postoperatively and 95.1 at 1 year postopera-
tively, indicating a good clinical outcome. The perio-
perative VAS was 4.6 ± 2.6 on the first postoperative 
day, 2.4 ± 2.0 at 1 week, 1.2 ± 1.4 at 2 weeks, and 0.1 
± 0.3 at 1 month after surgery. Branco et al (17) com-
pared SuperPath and conventional THA and reported 
significantly lower VAS for the SuperPath approach 
on postoperative day 3 (VAS: 4.73) and at 1 month 
postoperatively. Ramadanov et al (6) performed a 
meta-analysis comparing SuperPath and conventional 
approaches to THA and found that the VAS was sig-
nificantly lower for the SuperPath approach at 7 days 
postoperatively. The results of this study suggest that 
the pain in the early postoperative period was low, like 
the reports reported by another researchers.

The blood test data in this study showed that CK, 
MG, and CRP were significantly higher on the day 
after surgery than preoperatively (p<0.01) but returned 
to preoperative levels at 1 week postoperatively and 
normalized at 2 weeks postoperatively. Tottas et al (7) 
compared SuperPath and Hardinge THA and ex-
amined blood tests to assess soft tissue damage and 
reported significantly lower CRP levels immediately 
after surgery and on postoperative day 1 in SuperPath 
patients. Li et al (18) compared SuperPath with THA 
using the conventional posterior approach and found 
that SuperPath patients had significantly lower CRP 
and CK on postoperative day 3. Cohen et al (19) eval-
uated early postoperative blood tests to assess muscle 
damage in THA using three approaches (Modified 
Watson-Jones, MiniPosterior I, MiniPosterior II) 
and found that CK and MG peaked around 8 hours 
postoperatively but had not yet returned to preopera-
tive levels on postoperative day 3. Although no other 
reports to the extent that we could confirm the date 
when blood parameters (CK, MG, CRP) returned to 
preoperative levels, they were shown to be significantly 
lower compared to the Conventional approach up to 
3 days postoperatively, and other MIS approaches 
showed a peak at 8 hours postoperatively for CK and 
MG value. These study results seem to support the fact 
that blood test parameters in this study returned to 
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valgus in all THAs. However, an anterior insertion 
(flexion insertion) of more than 5 degrees was observed 
in 2 THAs (8%) on lateral view of the femur. Although 
no specific clinical complications were observed in these 
2 THAs, we believe that careful follow-up is needed in 
the future. Some comparative studies between Super-
Path and various approaches (24, 25) have evaluated 
implant alignment, and no significant malalignment 
was found among the reports we read widely.

The study results of Crowe Type I and II showed 
that the implants were well positioned, and no im-
plant loosening was observed in the short term, sug-
gesting that the SuperPath approach could be applied 
for THA for secondary OA of dysplasia. However, for 
Crowe Type III and above, the degree of upward dis-
location of the hip is more significant, making it dif-
ficult to preserve the external rotator muscles during 
surgery, and additional procedures such as release of 
the joint capsule are expected to be necessary. In this 
study, the mean Sharp angle was 46.2 ± 2.8 degrees, 
and the mean CE angle was 19.4 ± 7.3 degrees, and 
there were no THAs that required massive bone graft-
ing to the acetabulum or additional screws for cup fixa-
tion. However, in THA of significant dysplasia, screws 
may be necessary for bone grafting and cup fixation. 
Regarding the recovery of lower limb function in pa-
tients who underwent THA using the SuperPath ap-
proach, in this study, both TUG and 10M walking 
time recovered to the same level as before surgery at 
2 weeks postoperatively. The median time from post-
operative to 50-meter cane walking independence was 
3 days, to stair climbing independence using a hand-
rail was 3 days, and to sock dressing independence was 
6 days. The results showed that the patients achieved 
faster recovery compared to the conventional approach 
reported by other researchers.

Limitation

This study still has the following limitations. First 
of all, it is a small number of cases. Because it was our 
first SuperPath study, we started with a total of 30 
cases. Other limitations are that it is not a comparative 
study and that only mildly deformed patients of Crowe 
Type I and II are included.

that postoperative pain may be less compared to other 
conventional approaches, and as a result, may lead to 
early recovery of lower limb function.

Regarding complications, the results of this study 
showed no THAs of postoperative dislocation, infec-
tion, or serious pulmonary embolism, but two patients 
had intraoperative crack fractures of the proximal 
femur, and wire clamping was performed as an addi-
tional intraoperative procedure. James Chow et al (4) 
reported good clinical results in 110 THAs when Su-
perPath was first introduced, but complications oc-
curred in 8% of THAs, including 3 femoral fractures, 
2 acetabular fractures, 2 greater trochanter fractures, 1 
loss of acetabular fixation, and 1 dislocation, most of 
which were intraoperative, and the authors cited poor 
bone stock and osteoporosis as risk factors. Lei et al 
(23) studied THA using the SuperPath approach for 
femoral neck fractures and osteonecrosis of the femo-
ral head and found a learning curve of 40 THAs in 
terms of intraoperative blood loss and operative time. 
Both 2 intraoperative fracture THAs in this study 
were women over 80 years old, and it is assumed that 
poor bone stock was a factor, but the learning curve 
may also be a factor. The present study also included 
two THAs of sciatic neuropathy in the immediate 
postoperative period, but our extensive reading did 
not identify any other reports of postoperative neu-
ropathy. In the present approach, the sciatic nerve is 
usually not directly viewed intraoperatively, but con-
sidering that most of the intraoperative manipulations 
are performed in hip flexion, the sciatic nerve is close 
to the surgical field, and the external rotator muscles 
are retracted backward with the Retractor. Thus, it is 
highly possible that sciatic nerve damage was caused 
by Retractor. Fortunately, complete recovery from the 
neuropathy was observed 3 months postoperatively 
with no therapeutic treatment intervention but only 
follow-up observation. When posterior soft tissue ten-
sion is tight, manipulations should be performed with 
hip towards a little extension, and the protective Re-
tractor operation should be important.

Regarding implant alignment, the results of this 
study showed that the cup alignment was good with ab-
duction angle of 40 ± 4.2° and anteversion angle of 24 ± 
5.7°. For stem alignment, the anteversion angle was 34 ± 
9.8°, and the stem was placed within 2 degrees of varus/
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Joint Surg Br 1961; 43-B: 268-272.
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complication of osteoarthritis. Acta Chir Scand 1939; 83 
(Suppl 58): 28-38.

15.	Engh CA, Massin P and Suthers KE. Roentgenographic as-
sessment of the biologic fixation of porous-surfaced femoral 
components. Clin Orthop Relat Res 1990; 257: 107-28.

16.	McPherson EJ, Dorr LD, Gruen TA et al. Hydroxyapatite-
coated proximal ingrowth femoral stems. A matched pair 
control study. Clin Orthop Relat Res 1995; 315: 223-30.

17.	Carlos B, Rita S, Diogo S et al. Comparison of short-term 
outcomes between minimal invasive SuperPATH ap-
proach and conventional posterior approach in total hip 
arthroplasty: a randomized controlled trial. International 
Journal of Research in Orthopaedics 2021; 7: 431-437.

18.	Li X, Ma L, Wang Q et al. Comparison of total hip ar-
throplasty with minimally invasive SuperPath approach vs. 
conventional posterolateral approach in elderly patients: A 
one-year follow-up randomized controlled research. Asian 
J Surg 2021; 44: 531-536.
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tween Skeletal Muscle Serum Markers and Primary THA. 
A Pilot Study. Clin Orthop Relat Res 2009; 467: 1747-1752.

20.	Zhang, B., Simple gait analysis after total hip arthroplasty 
with SuperPATH approach and traditional Hardinge ap-
proach. Qingdao University 2018

21.	Dou XF et al. Application of rapid rehabilitation interven-
tion in SuperPATH minimally invasive total hiparthro-
plasty. Nursing and Rehabilitation 2017

Conclusions

SuperPath approach to THA for secondary OA 
of dysplasia was applicable to mildly dysplastic OA of 
Crowe Type I and II and achieved an early recovery 
of lower limb function compared to the conventional 
approach described by various authors. However, fu-
ture validation is needed for OA with severe deformity 
(Crowe Type III and IV).
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