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Abstract: Background and objectives: The superior placement of the acetabular cup induced the delayed
recovery of abductor muscle moment after total hip arthroplasty (THA) with a conventional posterior
approach. The anterior-based muscle-sparing (ABMS) THA effectively reduces soft tissue damage,
including muscles. The influence of hip center position on anterior-based muscle-sparing (ABMS)
total hip arthroplasty (THA) for post-operative hip muscle strength was unclear. We evaluate whether
the hip center position affects the recovery of hip muscle strength after ABMS THA. Materials and
Methods: The study was performed as a retrospective cohort study, and included 38 hips in 38 patients
that underwent primary ABMS THA. Muscle strength was measured using isokinetic dynamometry
before the operation, and at 6 and 12 months after surgery. The horizontal and vertical centers
of rotation (H-COR and V-COR), vertical shift (V-shift), leg length, and global femoral offset were
determined radiographically in reference to a previous report. Results: A weak negative correlation
was observed between abduction muscle strength at 6 months and V-shift; a V-shift more than
15 mm demonstrated significantly decreased abductor muscle strength at 6 months. Conclusions: The
superior placement of the hip center caused delayed recovery of abductor muscle strength in hips
with anterolateral minimally invasive THA. There seems to exist no biomechanical reason why the
same should not also be the case for the muscle-sparing approach.

Keywords: total hip arthroplasty; hip center position; hip muscle strength

1. Introduction

Total hip arthroplasty (THA) provides relief from pain, restores functionality, and
improves the quality of life for patients with hip disorders [1]. Recent studies reported THA
with minimally invasive techniques is effective at reducing soft tissue damage, including
muscles [2,3]. The anterior-based muscle-sparing (ABMS) THA is less commonly performed
than the direct anterior approach (DAA) applied to the hip due to the clinical effectiveness,
safety, very low dislocation rate, and excellent control of the leg length discrepancy of the
latter [4,5]. Minimally invasive THA via the anterolateral approach in the supine position
has yielded excellent clinical results [4].

The recovery of hip muscle strength after THA has been explored at many institutes,
with considerable variability [6–12]. Fukushi et al. reported that the recovery of muscle
strength after THA is especially affected by the implant position; superior placement of the
hip center, more than 15 mm above the true hip center, delayed the recovery of abductor
muscle moment after THA [13]. A reduction in global femoral offset after THA appears to
have a negative association with the abductor muscle strength of the operated hip [14]. In
most reports, conventional posterior or posterolateral approaches were used [8,9,13]. The
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aim of this study was, therefore, to evaluate whether the acetabular cup or hip position
affects the recovery of hip muscle strength after THA using the anterior-based muscle-
sparing approach.

2. Materials and Methods
2.1. Patients

This study was a single-center, retrospective cohort study, approved by our hospital’s
institutional review board. The study considered for inclusion 55 hips from 55 patients that
underwent unilateral primary THA with ABMS in the supine position at our institution
between July 2017 and July 2018. The selection indication of THA with ABMS in this study
was (1) no history of previous surgery on the affected hip, (2) primary osteoarthritis of the
hip and osteonecrosis, and (3) secondary osteoarthritis of the hip with Crowe classification
from 1 to 3 [5]. All hips were examined clinically and radiographically, and muscle strength
was measured at 6 and 12 months after surgery. Of these, nine hips with severe OA of
the unaffected side, six hips with THA of the unaffected side and, two hips with lower
limb fracture, within the follow-up periods, were excluded from the analysis. Ultimately,
the study included 38 hips in 38 patients. Table 1 shows the baseline demographic data,
including age, sex, body mass index, diagnosis, and Crowe classification [15]. No post-
operative complications, such as dislocation, infection, and/or implant loosening, have
occurred in this series [16].

Table 1. Patient demographic data.

Number of patients 38
Age at time of operation, mean ± SD (range) 66.5 ± 7.9 (52–87)
Gender Female:Male, no. of patients (%) 32 (84.2):6 (15.8)
Body mass index 24.9 ± 3.5
Diagnosis
Osteoarthritis 38
Crowe classification

1 25
2 13
3 0
4 0

Data represent mean ± standard deviation.

2.2. Assessments of Muscle Strength

Muscle strength was measured using a constant velocity muscle strength measuring
machine, BIODEX SYSTEM 4 (Biodex Medical Systems, Shirley, NY, USA). The angular
velocity was set to 60◦/s, measured three times, and the maximum muscle contraction
force value was adopted. The muscle strength evaluation used the peak torque value per
body weight. Flexion strength was measured in the supine position; abduction muscle
strength was measured in the lateral decubitus position. Flexion and abduction muscle
strength were measured before the operation, and at 6 and 12 months after surgery. Biodex
Medical Systems technology has acceptable mechanical reliability and validity [17].

2.3. Measurements of Radiographs

Conventional anteroposterior radiographs of the pelvis, including both hips and cross-
table lateral views of the hip, were obtained to check the implant fixation. The pre-operative
and post-operative leg length discrepancy (absolute value), and subsidence of the stem,
were examined with anteroposterior radiographs. The global femoral offset (FO) was
measured, with reference to a previous report by Sarwar et al. [14], by the addition of the
distance between the longitudinal axis of the femur and the center of the femoral head, and
the distance from the center of the femoral head to a perpendicular line passing through the
medial edge of the ipsilateral teardrop point of the pelvis (Figure 1). The cup position was
decided in reference to a previous report [18]. The center of the cup was determined by the
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intersection of two perpendicular diameters. The vertical center of rotation (V-COR) was
defined as the vertical distance from the center of the femoral head to the inter-teardrop
line (Figure 1). The horizontal center of rotation (H-COR) was defined as the horizontal
distance to the teardrop, which is parallel to the inter-teardrop line (Figure 1) [18]. The
vertical shift (V-shift) was defined as the difference in V-COR between the affected hip and
the contralateral normal hip [18].

Medicina 2022, 58, x FOR PEER REVIEW 3 of 8 
 

 

the distance between the longitudinal axis of the femur and the center of the femoral head, 

and the distance from the center of the femoral head to a perpendicular line passing 

through the medial edge of the ipsilateral teardrop point of the pelvis (Figure 1). The cup 

position was decided in reference to a previous report [18]. The center of the cup was 

determined by the intersection of two perpendicular diameters. The vertical center of ro-

tation (V-COR) was defined as the vertical distance from the center of the femoral head to 

the inter-teardrop line (Figure 1). The horizontal center of rotation (H-COR) was defined 

as the horizontal distance to the teardrop, which is parallel to the inter-teardrop line (Fig-

ure 1) [18]. The vertical shift (V-shift) was defined as the difference in V-COR between the 

affected hip and the contralateral normal hip [18]. 

 

Figure 1. The definition of radiographic parameters with reference to a previous report [13,14,17]. 

(A) Vertical center of rotation (V-COR). (B) Horizontal center of rotation (H-COR). (C + D) Global 

femoral offset (FO). 

2.4. Statistical Analyses 

Statistical analyses were performed using the EZR (Saitama Medical Centre, Jichi 

Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foun-

dation for Statistical Computing, Vienna, Austria) [19]. Specifically, it is a modified ver-

sion of the R commander designed to add statistical functions, and is frequently used in 

biostatistics. Wilcoxon signed-rank tests were used to compare the pre-operative and 

post-operative muscle strength and radiographic data. The comparisons of continuous 

variables were compared using the Mann–Whitney U test. Spearman's rank correlation 

coefficient was used to assess the correlations between muscle strength and hip center 

position. Statistical significance was defined as p-values < 0.05. 

3. Results 

Table 2 shows the hip flexion and abductor muscle strength at each time point. Both 

muscle strengths were significantly improved after the operation, and the acquired mus-

cle strength was maintained at 6 and 12 months (Table 2). 

Table 2. Muscle strength pre-operation, and at 6 and 12 months post-operation. 

 Pre-Operation At 6 Months p-Value At 12 Months 
p-Value (for Pre-

Operation) 

p-Value (for 

Six Months) 

flexion 42.3 ± 22.0 70.3 ± 21.6 0.000 * 70.7 ± 23.4 0.000 * 0.556 

abduction 44.0 ± 27.0 69.3 ± 20.4 0.000 * 74.8 ± 23.9 0.000 * 0.0651 

Data represent mean ± standard deviation. * p < 0.05. Wilcoxon signed-rank test was performed to 

compare scores. 

Figure 1. The definition of radiographic parameters with reference to a previous report [13,14,17].
(A) Vertical center of rotation (V-COR). (B) Horizontal center of rotation (H-COR). (C + D) Global
femoral offset (FO).

2.4. Statistical Analyses

Statistical analyses were performed using the EZR (Saitama Medical Centre, Jichi Med-
ical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria) [19]. Specifically, it is a modified version of the
R commander designed to add statistical functions, and is frequently used in biostatistics.
Wilcoxon signed-rank tests were used to compare the pre-operative and post-operative
muscle strength and radiographic data. The comparisons of continuous variables were
compared using the Mann–Whitney U test. Spearman’s rank correlation coefficient was
used to assess the correlations between muscle strength and hip center position. Statistical
significance was defined as p-values < 0.05.

3. Results

Table 2 shows the hip flexion and abductor muscle strength at each time point. Both
muscle strengths were significantly improved after the operation, and the acquired muscle
strength was maintained at 6 and 12 months (Table 2).
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Table 2. Muscle strength pre-operation, and at 6 and 12 months post-operation.

Pre-Operation At 6 Months p-Value At 12 Months p-Value (for
Pre-Operation)

p-Value (for
Six Months)

flexion 42.3 ± 22.0 70.3 ± 21.6 0.000 * 70.7 ± 23.4 0.000 * 0.556
abduction 44.0 ± 27.0 69.3 ± 20.4 0.000 * 74.8 ± 23.9 0.000 * 0.0651

Data represent mean ± standard deviation. * p < 0.05. Wilcoxon signed-rank test was performed to compare scores.

Table 3 indicates pre- and post-operative leg length discrepancy and global FO. Pre-
operative leg length was significantly different between Crowe classifications; however,
post-operative leg length was restored relative to the pre-operative condition. There were
no significant differences in global FO. As for the post-operative cup position, V-COR and
V-shift were significantly higher in Crowe 2 (Table 3). H-COR had no significant differences.

Table 3. Post-operative hip position and leg length change by Crowe classification.

Crowe Classification Value p-Value

pre-operative leg length discrepancy (mm)
1 −5.6 ± 4.9 (−19.4~−3.3)
2 −17.1 ± 9.8 (−31.3~−4.1) 0.000 *

post-operative leg length discrepancy (mm)
1 0.7 ± 3.8 (−10.5~7.6)
2 0.4 ± 9.1 (−14.3~8.8) 0.925

pre-operative global FO (mm) 1 77.8 ± 7.2 (63.0~92.4)
2 74.8 ± 5.6 (62.3 ~83.5) 0.275

post-operative global FO (mm) 1 79.4 ± 7.8 (64.3~102.1)
2 77.9 ± 7.6 (65.8~90.4) 0.236

V-COR (mm) 1 23.0 ± 4.4 (12.6~31.9)
2 31.7 ± 8.2 (18.5 ~45.1) 0.000 *

H-COR (mm) 1 29.9 ± 4.2 (24.9~39.7)
2 33.1 ± 4.7 (25.3~39.8) 0.484

V-shift (mm) 1 6.2 ± 4.3 (−3.1~16.5)
2 12.0 ± 7.0 (6.7~22.7) 0.000 *

Data represent mean ± standard deviation (min/max). * p < 0.05. Mann–Whitney U test was performed to
compare values between Crowe classification.

Table 4 shows the comparison of the hip flexion and abductor muscle strength between
Crowe classification. Pre-operative abductor muscle strength of Crowe 1 was significantly
lower than that of Crowe 2. There were no significant differences between pre-operative
flexion muscle strength and post-operative muscle strength. A weak negative correlation
was observed between abduction muscle strength at 6 months and V-shift (Figures 2 and 3).
Regarding the small group sub-analysis of V-shift, a V-shift of more than 15 mm demon-
strated significantly decreased abductor muscle strength at 6 months (p = 0.006, Dunnett’s
test) (Figure 4). However, no significant differences were observed among the four sub-
groups in terms of V-shift at 12 months post-operation (p = 0.272) (Figure 4).

Table 4. Muscle strength between the Crowe classification at each period.

Crowe
Classification Pre-Operation p-Value At 6 Months p-Value At 12 Months p-Value

flexion 1 42.2 ± 21.0 73.3 ± 18.9 67.6 ± 20.6
2 36.8 ± 21.0 0.498 80.3 ± 26.1 0.841 76.2 ± 27.8 0.633

abduction 1 57.4 ± 23.9 70.5 ± 17.2 77.8 ± 22.4
2 32.8 ± 22.8 0.0157 * 61.9 ± 23.4 0.113 72.8 ± 25.8 0.295

Data represent mean ± standard deviation. * p < 0.05. Mann–Whitney U test was performed to compare values
between Crowe classification.



Medicina 2022, 58, 538 5 of 8
Medicina 2022, 58, x FOR PEER REVIEW 5 of 8 
 

 

 

Figure 2. The correlations between the hip muscle strength and H-COR, V-COR. 

 

Figure 3. The correlations between the hip muscle strength and V-shift, differences in global offset. 

* p < 0.05. 

 

Figure 4. The relation between V-shift and abductor muscle strength at each point. V-shift of more 

than 15 mm demonstrated significantly decreased abductor muscle strength at 6 months (p = 0.006, 

ANOVA with post hoc analysis using Dunnett’s test). 

Figure 2. The correlations between the hip muscle strength and H-COR, V-COR.

Medicina 2022, 58, x FOR PEER REVIEW 5 of 8 
 

 

 

Figure 2. The correlations between the hip muscle strength and H-COR, V-COR. 

 

Figure 3. The correlations between the hip muscle strength and V-shift, differences in global offset. 

* p < 0.05. 

 

Figure 4. The relation between V-shift and abductor muscle strength at each point. V-shift of more 

than 15 mm demonstrated significantly decreased abductor muscle strength at 6 months (p = 0.006, 

ANOVA with post hoc analysis using Dunnett’s test). 

Figure 3. The correlations between the hip muscle strength and V-shift, differences in global offset.
* p < 0.05.

Medicina 2022, 58, x FOR PEER REVIEW 5 of 8 
 

 

 

Figure 2. The correlations between the hip muscle strength and H-COR, V-COR. 

 

Figure 3. The correlations between the hip muscle strength and V-shift, differences in global offset. 

* p < 0.05. 

 

Figure 4. The relation between V-shift and abductor muscle strength at each point. V-shift of more 

than 15 mm demonstrated significantly decreased abductor muscle strength at 6 months (p = 0.006, 

ANOVA with post hoc analysis using Dunnett’s test). 

Figure 4. The relation between V-shift and abductor muscle strength at each point. V-shift of more
than 15 mm demonstrated significantly decreased abductor muscle strength at 6 months (p = 0.006,
ANOVA with post hoc analysis using Dunnett’s test).



Medicina 2022, 58, 538 6 of 8

4. Discussion

The results of this study show an improvement in muscle strength after THA, given
that the hip flexion and abduction muscle strength increased by about 1.5 to 1.7 times at
6 months after THA, and the acquired muscle strength was maintained at 12 months. These
findings show that peak hip muscle recovery occurred less than 6 months after ABMS
THA. Previous studies reported that hip muscle weakness recovered within 6 to 24 months
after THA [6–8]. For example, abduction muscle strength decreased by about 26% from the
pre-operative baseline 1 month after surgery, and recovered to the same pre-operative level
3 months after surgery [8]. Rasch et al. demonstrated a slow but full recovery of muscles
acting around the knee, but there was still a deficit in hip muscle strength 2 years after
THA [6].

Several radiographic factors, such as hip center position and global FO, affected the
improvement in abductor muscle strength after THA [13,14]. Our data show that V-shift most
strongly affected the improvement in abductor muscle strength. These findings are consistent
with a previous study [13]. Delayed recovery of abductor muscle strength was observed in
hips with the superior placement of the hip center, although anterolateral minimally invasive
THA is effective in reducing soft tissue damage including hip muscles. Therefore, surgeons
should try to avoid placing the acetabular cup superior position. On the other hand, in cases
with severe DDH, superior placement of a cementless acetabular cup is often accepted to
have insufficient acetabular coverage [20]. The global FO in our study had a weak negative
correlation with improvement in abductor muscle strength after THA.

Our data included cases with developmental dysplasia of the hip (DDH), and 13 of
38 cases were Crowe classification type 2. The pre-operative abductor muscles with Crowe
type 2 were significantly lower compared to Crowe type 1. Although the hip center was
significantly higher in hips with Crowe type 2, the post-operative abductor muscles exhibited
no significant differences between the hips in Crowe type 1 and 2. In addition to the hip center,
various factors, such as global FO, and anteversion or antetorsion of the femur, are intricately
related, and further study is needed to resolve the factors concerning the recovery of, and
improvement in, muscle strength after THA.

Our study has several limitations. The first limitation is that our study was focused on
the gluteus muscle load arm, but did not consider the force arm. The abduction moment
that the hip abductors must develop is determined by the relationship between the load arm
of the body weight and the force arm of the gluteal muscles; for the load arm, the acetabular
offset can be used, but for the force arm of the gluteal muscles, only the distance of the
gluteal muscles from the hip center of rotation can be used. Further study focusing on the
force arm is desirable. The second is that the radiographic parameter was evaluated using
plain radiography. Further study using computed tomography is required to evaluate hip
position and femoral anteversion on the transverse and sagittal plane. The third limitation
is that this study was a retrospective, single-center study and, as such, it had no control
group. The number of cases with severe DDH, such as Crowe type 2 or 3, were fewer. The
fourth limitation is the inadequate evaluation of the spine and legs, except for around the
hip joint, which is important because hip flexion and abduction involve movement of the
trunk. Finally, the reproducibility of the radiographic measurements was not evaluated by
assessing the degree of agreement between the measurements of multiple evaluators.

5. Conclusions

This study investigated whether the position of the acetabular cup affects the recovery
of hip muscle strength after THA using the anterior-based muscle-sparing approach. The
superior placement of the hip center caused the delayed recovery of abductor muscle
strength in hips after THA with ABMS. Surgeons should be aware of the precise placement
of the acetabular cup in THA with ABMS.



Medicina 2022, 58, 538 7 of 8

Author Contributions: Conceptualization, H.T. and N.Y.; methodology, H.T. and N.Y.; software,
H.T. and Y.M.; validation, Y.M. and T.A.; formal analysis, H.T. and Y.M.; investigation, H.T., N.Y.
and H.K.; resources, H.T.; data curation, H.T., N.Y. and H.K.; writing—original draft preparation,
H.T.; writing—review and editing, N.Y., Y.M. and T.A.; visualization, H.T.; supervision, N.Y.; project
administration, N.Y.; funding acquisition, H.T. All authors have read and agreed to the published
version of the manuscript.

Funding: The authors received no financial support for the research, authorship, and/or publication
of this article.

Institutional Review Board Statement: This study was approved by our hospital’s institutional
review board (Number: 2021-13, date of approval: 10 December 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding author.

Acknowledgments: The authors thank Kyohei Yamamoto, Yasuhiro Chiba, and Mitsuhiro Asano for
their support in the measurement muscle strength.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Anseth, S.D.; Pulido, P.A.; Adelson, W.S.; Patil, S.; Sandwell, J.C.; Colwell, C.W., Jr. Fifteen-year to twenty-year results of

cementless Harris-Galante porous femoral and Harris-Galante porous I and II acetabular components. J. Arthroplast. 2010, 25, 687.
[CrossRef] [PubMed]

2. George, N.E.; Gwam, C.U.; Etcheson, J.I.; Smith, S.S.; Semenistyy, A.A.; Delanois, R.E. Short-term outcomes of the supine
muscle-sparing anterolateral versus direct lateral approach to primary total hip arthroplasty. Hip. Int. 2019, 29, 504. [CrossRef]
[PubMed]

3. Leunig, M.; Faas, M.; von Knoch, F.; Naal, F.D. Skin crease ‘bikini’ incision for anterior approach total hip arthroplasty: Surgical
technique and preliminary results. Clin. Orthop. Relat. Res. 2013, 471, 2245. [CrossRef] [PubMed]

4. Civinini, R.; Cozzi Lepri, A.; Carulli, C.; Matassi, F.; Villano, M.; Innocenti, M. The anterior-based muscle-sparing approach to the
hip: The “other” anterior approach to the hip. Int. Orthop. 2019, 43, 47. [CrossRef] [PubMed]

5. Tanaka, H.; Yamada, N.; Kurishima, H.; Mori, Y.; Sakamoto, T.; Oyama, M.; Aizawa, T. Limited effects on patient outcomes of
conjoint tendon release in anterolateral muscle-sparing total hip arthroplasty. J. Orthop. Surg. Res. 2021, 16, 485. [CrossRef]
[PubMed]

6. Rasch, A.; Dalen, N.; Berg, H.E. Muscle strength, gait, and balance in 20 patients with hip osteoarthritis followed for 2 years after
THA. Acta Orthop. 2010, 81, 183. [CrossRef] [PubMed]

7. Frost, K.L.; Bertocci, G.E.; Wassinger, C.A.; Munin, M.C.; Burdett, R.G.; Fitzgerald, S.G. Isometric performance following total hip
arthroplasty and rehabilitation. J. Rehabil. Res. Dev. 2006, 43, 435. [CrossRef] [PubMed]

8. Judd, D.L.; Dennis, D.A.; Thomas, A.C.; Wolfe, P.; Dayton, M.R.; Stevens-Lapsley, J.E. Muscle strength and functional recovery
during the first year after THA. Clin. Orthop. Relat. Res. 2014, 472, 654. [CrossRef] [PubMed]

9. Kiyama, T.; Naito, M.; Shitama, H.; Maeyama, A. Effect of superior placement of the hip center on abductor muscle strength in
total hip arthroplasty. J. Arthroplast. 2009, 24, 240. [CrossRef] [PubMed]

10. Chulsomlee, K.; Sa-Ngasoongsong, P.; Kulachote, N.; Sirisreetreerux, N.; Tuntiyatorn, P.; Vasaruchapong, S.; Thamyongkit, S.;
Jarungvittayakon, C.; Wongsak, S.; Kawinwonggowit, V. Hip muscle power recovery after hip replacement using anterior-based
muscle-sparing approach in elderly femoral neck fracture: A prospective study in 40 patients. Orthop. Res. Rev. 2018, 10, 31.
[CrossRef] [PubMed]

11. Ismailidis, P.; Kvarda, P.; Vach, W.; Appenzeller-Herzog, C.; Mundermann, A. Abductor muscle strength deficit in patients after
total hip arthroplasty for hip osteoarthritis: A protocol for a systematic review and meta-analysis. BMJ Open 2020, 10, e035413.
[CrossRef] [PubMed]

12. Bertocci, G.E.; Munin, M.C.; Frost, K.L.; Burdett, R.; Wassinger, C.A.; Fitzgerald, S.G. Isokinetic performance after total hip
replacement. Am. J. Phys. Med. Rehabil. 2004, 83, 1. [CrossRef] [PubMed]

13. Fukushi, J.I.; Kawano, I.; Motomura, G.; Hamai, S.; Kawaguchi, K.I.; Nakashima, Y. Does hip center location affect the recovery of
abductor moment after total hip arthroplasty? Orthop. Traumatol. Surg. Res. 2018, 104, 1149. [CrossRef]

14. Mahmood, S.S.; Mukka, S.S.; Crnalic, S.; Wretenberg, P.; Sayed-Noor, A.S. Association between changes in global femoral offset
after total hip arthroplasty and function, quality of life, and abductor muscle strength. A prospective cohort study of 222 patients.
Acta Orthop. 2016, 87, 36. [CrossRef] [PubMed]

15. Crowe, J.F.; Mani, V.J.; Ranawat, C.S. Total hip replacement in congenital dislocation and dysplasia of the hip. J. Bone Jt. Surg. Am.
1979, 61, 15. [CrossRef]

http://doi.org/10.1016/j.arth.2009.05.033
http://www.ncbi.nlm.nih.gov/pubmed/19643564
http://doi.org/10.1177/1120700018812717
http://www.ncbi.nlm.nih.gov/pubmed/31389271
http://doi.org/10.1007/s11999-013-2806-0
http://www.ncbi.nlm.nih.gov/pubmed/23412730
http://doi.org/10.1007/s00264-018-4190-6
http://www.ncbi.nlm.nih.gov/pubmed/30284607
http://doi.org/10.1186/s13018-021-02644-7
http://www.ncbi.nlm.nih.gov/pubmed/34376238
http://doi.org/10.3109/17453671003793204
http://www.ncbi.nlm.nih.gov/pubmed/20367414
http://doi.org/10.1682/JRRD.2005.06.0100
http://www.ncbi.nlm.nih.gov/pubmed/17123183
http://doi.org/10.1007/s11999-013-3136-y
http://www.ncbi.nlm.nih.gov/pubmed/23817756
http://doi.org/10.1016/j.arth.2008.08.012
http://www.ncbi.nlm.nih.gov/pubmed/18835515
http://doi.org/10.2147/ORR.S153451
http://www.ncbi.nlm.nih.gov/pubmed/30774458
http://doi.org/10.1136/bmjopen-2019-035413
http://www.ncbi.nlm.nih.gov/pubmed/32690507
http://doi.org/10.1097/01.PHM.0000098047.26314.93
http://www.ncbi.nlm.nih.gov/pubmed/14709968
http://doi.org/10.1016/j.otsr.2018.06.022
http://doi.org/10.3109/17453674.2015.1091955
http://www.ncbi.nlm.nih.gov/pubmed/26471772
http://doi.org/10.2106/00004623-197961010-00004


Medicina 2022, 58, 538 8 of 8

16. Pesce, V.; Maccagnano, G.; Vicenti, G.; Notarnicola, A.; Lovreglio, P.; Soleo, L.; Pantalone, A.; Salini, V.; Moretti, B. First case report
of vanadium metallosis after ceramic-on-ceramic total hip arthroplasty. J. Biol. Regul. Homeost. Agents 2013, 27, 1063. [PubMed]

17. Drouin, J.M.; Valovich-mcLeod, T.C.; Shultz, S.J.; Gansneder, B.M.; Perrin, D.H. Reliability and validity of the Biodex system 3 pro
isokinetic dynamometer velocity, torque and position measurements. Eur. J. Appl. Physiol. 2004, 91, 22. [PubMed]

18. Komiyama, K.; Nakashima, Y.; Hirata, M.; Hara, D.; Kohno, Y.; Iwamoto, Y. Does High Hip Center Decrease Range of Motion in
Total Hip Arthroplasty? A Computer Simulation Study. J. Arthroplast. 2016, 31, 2342. [CrossRef] [PubMed]

19. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transplant. 2013, 48, 452.
[CrossRef]

20. Fujii, M.; Nakamura, T.; Hara, T.; Nakashima, Y.; Iwamoto, Y. Does radiographic coxa profunda indicate increased acetabular
coverage or depth in hip dysplasia? Clin. Orthop. Relat. Res. 2015, 473, 2056. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/24382188
http://www.ncbi.nlm.nih.gov/pubmed/14508689
http://doi.org/10.1016/j.arth.2016.03.014
http://www.ncbi.nlm.nih.gov/pubmed/27067755
http://doi.org/10.1038/bmt.2012.244
http://doi.org/10.1007/s11999-014-4084-x
http://www.ncbi.nlm.nih.gov/pubmed/25475716

	Introduction 
	Materials and Methods 
	Patients 
	Assessments of Muscle Strength 
	Measurements of Radiographs 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

