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Background: This study aims to analyze the ability to restore hip biomechanics in patients who undergo
total hip arthroplasty for displaced femoral neck fractures operated by either hip surgeons (HSs) or or-
thopaedic residents (ORs).
Methods: We retrospectively compared 95 patients treated by HSs (group A) with 110 patients treated by
ORs (group B). Leg-length discrepancy, femoral offset (FO), center of rotation (COR), acetabular inclina-
tion, and acetabular anteversion were evaluated on postoperative radiographs using the healthy
contralateral hip as control.
Results: The median leg-length discrepancy was 2 mm for both groups (P ¼ .74). The leg length was
increased in 54% of the HS group and 57% of the OR group (P ¼ .13). The median FO difference of groups A
and B were 7 mm and 5.5 mm, respectively (P ¼ .14). FO was increased in 80% of the HS group and 69% of
the OR group (P ¼ .19). Median discrepancies of the horizontal and vertical CORs were not statistically
relevant, with P-values of .69 and .14, respectively. The horizontal COR was slightly medialized in 58% of
the HS group and 53% of the OR group (P ¼ .003). The vertical COR was slightly proximal in 66% of the HS
group and 76% of the OR group (P ¼ .28). The median acetabular inclination angles of groups A and B
were 41� and 40�, respectively (P ¼ .62). The median anteversion angle was 19� for both groups (P ¼ .89).
Conclusions: The horizontal COR was the only measurement with statistical significance. To conclude,
ORs under supervision are as reliable as HSs to properly restore hip biomechanics in patients who un-
dergo total hip arthroplasty for displaced femoral neck fractures.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total hip arthroplasty (THA) is one of the most common surgical
procedures taught in every medical residency program in ortho-
paedics, with hip surgeons (HSs) taking on teaching leading role [1].
It remains challenging for HSs to provide excellence in surgical
treatment while training orthopaedic residents (ORs) in the
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arthroplasty technique [2,3]. In this sense, there is a lack of infor-
mation regarding comparative radiographic results in patients
operated by HSs or ORs.

Abductor strength, component wear, and dislocation rate after
THA are highly correlated with anatomical and biomechanical
restoration [4-6]. Alterations in the center of rotation (COR) can
lead to leg-length discrepancy (LLD) or changes in femoral offset
(FO). LLD can affect knee kinematics and lumbosacral spine, being
the leading cause of lawsuits in THA [7,8].

The current literature does not include many studies identifying
which performing surgeon best restores hip biomechanics. This
article aimed to compare the capacity to restore hip biomechanics
between HSs and ORs in elderly patients with an acute displaced
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Table 1
Demographic characteristics of the series.

Variable Series (n ¼ 205) Group A (n ¼ 95) Group B (n ¼ 110) P-value

Median age (y) 79 (IQR, 74-84) 79 (IQR, 74-84) 79 (IQR, 73-84) P ¼ .97
Sex F: 164; M: 41 F: 71; M: 24 F: 93; M: 17 P ¼ .08
Median BMI (kg/m2) 25 (IQR, 22-27) 25 (IQR, 23-27) 25 (IQR, 22-28) P ¼ .90
BMI �30 (kg/m2) (obese) (n / %) 27 (13%) 9 (9%) 18 (16%) P ¼ .14
Grade of Garden FNF displacement (n/%)
III 6 (3%) 3 (3%) 3 (3%)
IV 199 (97%) 92 (97%) 107 (97%) P ¼ .85

F, female; M, male; BMI, body mass index.
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femoral neck fracture (FNF). A retrospective analysis of post-
operative radiographic images was conducted, considering radio-
graphic parameters, such as LLD, FO, COR, acetabular inclination
(AI), and acetabular anteversion (AA), using the healthy contralat-
eral hip as control.

Material and methods

After obtaining approval from the institution's research ethics
board, we retrospectively studied 811 FNFs operated between 2004
and 2008. One hundred sixty-nine were classified as undisplaced
FNFs and were therefore treated with internal fixation; the
remaining 642 were displaced FNFs. Two hundred of them were
treated with hemiarthroplasty as being household ambulators with
low functional demands, and the remaining 442 were community
ambulator patients with THA. For this study, we included all pa-
tients older than 55 years with a displaced FNF secondary to a low-
energy mechanism treated with THA and healthy or incipient
osteoarthritis (T€onis 0 or 1) contralateral hip, which was used as a
control for biomechanical parameters.

We divided them into 2 groups, according to the performing
surgeon. In group A, we included 230 cases treated by HSs and in
group B, 212 patients treated by ORs. Sixty-five cases from group A
and 53 cases from group B were excluded for having poor-quality
radiographs, as for not having a true anterior-posterior (AP) pel-
vic radiograph or where implants were not fully included. Other
exclusion criteria were advanced contralateral osteoarthritis (45
and 32 patients, respectively), bilateral THA, and history of previous
surgery of the affected hip (25 and 17 cases), leaving 95 and 110
cases to analyze in groups A and B, respectively.

We collected all the data on each patient registered on the
institution's prospectively collected electronic database, which has
been digitalized since 2004. These data were reviewed by 4 of the
investigators (F.D.D, A.G.M., L.L., and M.B.); none of them were
involved in primary patient care. The median age of the series was
79 years (interquartile range [IQR], 74-84), being 79 years old (IQR,
74-84) for group A and 79 years old (IQR, 73-84) for group B (P ¼
.97). There were 71 and 93 female patients in groups A and B,
respectively (P ¼ .08). The median body mass index of the series
was 25 kg/m2 (IQR, 22-27), without significant difference between
both groups (P ¼ .90). There were 9 and 18 obese patients, defined
as having a body mass index �30 kg/m2, in groups A and B,
respectively (P ¼ .14). We classified displacement with AP- and
lateral (L)-view radiographs obtained before surgery, according to
the Garden classification (Table 1).

All surgeries were performed in laminar-flow theaters by either
4 senior HSs or ORs in training under close supervision by one of
the senior surgeons. Supervision was defined as resident-
performed THA with an attending surgeon in the operating room
as a silent observer. When the trainee performed the surgical
procedure, the supervising surgeon limited to observe without
being scrubbed in. Only when an error was made, the HS interfered
if it was necessary, and afterward, the resident continued with the
surgery. All ORs involved in patient care were senior residents and
had previously completed an official 3-month rotation in the Hip
Unit service.

The official 3-month rotation requires a full-time availability,
with 3 days/week for elective surgeries and 3 days/week for
outpatient clinics too. Urgent surgeries, such as FNFs, are per-
formed on the same day of admission, if possible, based on the
patient's comorbidities and health insurance approval. The 4 senior
HSs are involved in patient care and provide excellence in surgical
treatment while training ORs. Residents are encouraged to attend
the weekly educational rounds for both educational and teaching
purposes, and they are also permitted to attend the Grand Surgical
Rounds, including case discussions. As a general rule, the rotation in
the Hip Unit is performed in senior years (PGY4/PGY5), and at the
end of the trimester, the ORs perform on average 25 primary THAs
and at least 3 simple revision surgeries.

As a consequence, they were capacitated to perform the sur-
gery; if not, the HS was responsible for the surgical procedure.
When an HS was performing the procedure, the resident's role was
limited to retraction in all cases. The most common reason why
scrubbed residents did not perform a case was due to the patient's
comorbidities. As we all know, FNFs are usually associated with an
aging population, and most of the patients have related clinical
diseases that sometimes require urgent treatment and shorter
surgical time without increasing the risk of complications and
mortality rate.

After epidural hypotensive anesthesia, a posterolateral approach
was performed in all patients from both groups. Regarding the
fixation technique, the acetabular component was cemented in 64
and 95 cases in groups A and B, respectively, while the femoral stem
was cemented in all cases in a third-generation technique [9]. A
different bone-cement brand was used depending on the implant
provider.

In group A, acetabular implantation was performed using a
Trilogy cup (Zimmer Biomet, Warsaw, IN) in 6 cases, a Trident cup
(Stryker, Newbury, United Kingdom) in 4 cases, a Pinnacle cup
(DePuy International, Leeds, United Kingdom) in 21 cases, and an
Ogee cup (DePuy International, Leeds, United Kingdom) in the
remaining 64 cases. Femoral implantation was performed using a
CPT stem (Zimmer Biomet, Warsaw, IN) in 6 cases, an Exeter stem
(Stryker, Newbury, United Kingdom) in 4 cases, and a C-Stem
(DePuy International, Leeds, United Kingdom) triple-taper polished
femoral stem in 85 cases. Similarly, in group B, acetabular im-
plantation was performed using a Trident cup (Stryker, Newbury,
United Kingdom) in 1 case, a Pinnacle cup (DePuy International,
Leeds, United Kingdom) in 14 cases, and an Ogee cup (DePuy In-
ternational, Leeds, United Kingdom) in the remaining 95 cases.
Femoral implantation was performed using 1 Exeter stem (Stryker,
Newbury, United Kingdom) and 109 C-Stem (DePuy International,
Leeds, United Kingdom) triple-taper polished femoral stems. The
implant selection was made according to the health service



Table 2
Type of implant, fixation technique, and head diameter between both groups.

Variable Series (n ¼ 205) Group A (n ¼ 95) Group B (n ¼ 110) P-value

Acetabular component (n/%)
Cemented
Ogee 159 (78%) 64 (67%) 95 (86%)

Uncemented
Pinnacle 35 (17%) 21 (23%) 14 (13%)
Trident 5 (2%) 4 (4%) 1 (1%)
Trilogy 6 (3) 6 (6%) N/A

Femoral stem (n/%)
C-Stem 194 (95%) 85 (90%) 109 (99%)
Exeter 5 (2%) 4 (4%) 1 (1%)
CPT 6 (3%) 6 (6%) N/A

Head diameter (mm) (n / %)
28 176 (86%) 85 (89%) 91 (83%)
32 29 (14%) 10 (11%) 19 (17%) P ¼ .16

N/A, not applicable.
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provider authorization in both groups. Regarding the femoral-head
size, 28-mm or 32-mm femoral-head diameters were used. A 32-
mm femoral-head diameter was used in 10 and 19 cases in
groups A and B, respectively (P ¼ .16). Bigger femoral heads were
not available at the time these patients were operated (Table 2).

All patients received prophylactic antibiotics with 3 doses of
intravenous cefazolin (1 g every 8 hours) and routine thrombo-
prophylaxis with 40 mg of subcutaneous low-molecular-weight
heparin during the first postoperative month. We did not
routinely prescribe prophylaxis against heterotopic ossification.
The rehabilitation protocol included early mobilization within 24
hours after surgery and ambulation with a walker and full weight-
bearing in both groups. After that, we encouraged patients to
progressively return to normal activities as toleratedwith the use of
a cane for at least 1 month, depending on their clinical evolution
and findings on follow-up radiographs. AP and L radiographs of the
pelvis and the operated side were obtained immediately post-
operatively, at 15 days, at 6 and 12 months, and afterward annually.

Radiographs were simultaneously reviewed 2weeks after surgery,
at the first postoperative control, by 4 independent observers twice
(F.D.D., A.G.M., L.L., and M.B.), using a digital imaging system (Raim
Viewers, Alma-Ortho 5.0., Barcelona, Spain) previously calibratedwith
the size of the femoral-head implant. The 4 observers analyzed both
groups of patients, and the sameobservermeasured the postoperative
and the healthy contralateral hip to assess anatomical restoration. In
Figure 1. (a and b) AP radiograph of the pelvis (a) showing the measured parameters. Lew
(Version ¼ arcsine [D1/D2]; D1, the short axis of an ellipse drawn perpendicular to the long
of the implant).
controversial cases, where measurements seemed to be incorrect, an
additional analysis was performed by another observer, but the final
decisionwas the responsibility of one of the senior surgeons (B.M.A.).

Both AP and L pelvic views were evaluated using a standardized
technique [10]. The AP incidence was used to analyze radiographic
measurements, and the L view was used to determine the pelvic
tilt. The radiograph distance was 1.20 m for both radiographs.
When the AP incidence was performed, the center of the radio-
graph beam was focused on the center of the symphysis and a line
between the anterosuperior iliac spines. Both lower limbs were put
in identical internal rotational positions. Internal rotation of both
lower limbs was assured to accomplish the correct measurement of
the different parameters. Regarding the true L view, the radiograph
beamwas directed to the tip of the greater trochanter. To assure the
correct pelvic positioning, we previously confirmed all radiographs
to have a neutral pelvic tilt and rotation. A pelvic inclination of 60�

was defined as a neutral pelvic tilt [11]. This angle is measured in
the L view and is the result of a horizontal line and a second one
beyond the proximal border of the symphysis and the sacral
promontory. On the other hand, a neutral pelvic rotation was
confirmedwhen the center of the sacroccoxis was vertically aligned
with the center of the pubic symphysis [11].

Postoperative radiographs were scrutinized about the
following parameters to depict differences between both groups
(Fig. 1a and b).
innek's method of measurement of acetabular anteversion on the AP radiograph (b).
axis of the acetabular cup; D2, the long axis, which is considered the maximal diameter



Table 3
Statistical analysis of biomechanical parameters by the type of surgeon.

Variable Series (n ¼ 205) Group A (n ¼ 95) Group B (n ¼ 110) P-value

Median LLD (mm) 2 (IQR, 0 to 5) 2 (IQR, 0 to 5) 2 (IQR, 0 to 5) P ¼ .74
Median FO discrepancy (mm) 7 (IQR, 1 to 10) 7 (IQR, 3 to 11) 5.5 (IQR, 0 to 10) P ¼ .14
Median horizontal COR discrepancy (mm) �1 (IQR, �4 to 1) �2 (IQR, �5 to 2) �1 (IQR, �4 to 0) P ¼ .69
Median vertical COR discrepancy (mm) 2 (IQR, 0 to 5) 2 (IQR, 0 to 4) 3 (IQR, 1 to 5) P ¼ .14
Median AI (�) 40 (IQR, 34 to 46) 41 (IQR, 35 to 46) 40 (IQR, 32 to 46) P ¼ .62
Median AA (�) 19 (IQR, 16 to 22) 19 (IQR, 16 to 22) 19 (IQR, 16 to 22) P ¼ .89
Lewinnek’s safe zone
AI (n / %) 155 (76%) 80 (84%) 75 (68%) P ¼ .008
AA (n / %) 182 (89%) 84 (88%) 98 (89%) P ¼ .88
AI and AA (n / %) 139 (68%) 70 (74%) 69 (63%) P ¼ .09

Table 4
Biomechanical parameters of the different groups compared with healthy contra-
lateral hips.

Variable Group A
(n ¼ 95)

Group B
(n ¼ 110)

P-value

LLD (n / %)
Lengthened 51 (54%) 63 (57%)
Anatomic 21 (22%) 32 (29%)
Shortened 23 (24%) 15 (14%) P ¼ .13

FO discrepancy (n / %)
Increased 76 (80%) 76 (69%)
Anatomic 5 (5%) 11 (10%)
Decreased 14 (15%) 23 (21%) P ¼ .19

Horizontal COR discrepancy (n / %)
Medialized 55 (58%) 58 (53%)
Anatomic 10 (10%) 31(28%)
Lateralized 30 (32%) 21(19%) P ¼ .003

Vertical COR discrepancy (n / %)
Proximal 63 (66%) 84 (76%)
Anatomic 9 (10%) 8 (8%)
Distal 23 (24%) 18 (16%) P ¼ .28
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Leg-length discrepancy

LLD was measured on radiographs using the distal end point of
the teardrop sign and the lesser trochanter as references. Once the
discrepancy value was obtained, discrepancy of the COR was sub-
tracted to exclude the acetabular factor and obtain the discrepancy
only from the femur. The operated hips that remained longer than
the normal contralateral side took values greater than zero, and the
shortened, values less than zero.

Femoral offset

FO was assessed by measuring the distance between the axis of
the femoral shaft and the COR of the femoral head. The operated
hips that were increased compared with the healthy contralateral
side took values greater than zero, and the decreased, values less
than zero.

Center of rotation

The horizontal COR was defined as the distance between the
COR of the hip and the center of the distal end point of the teardrop
sign. The operated hips that were lateralized compared with the
healthy contralateral side took values greater than zero, and the
medialized, values less than zero. The vertical COR was measured
from the COR of the femoral head to a line going through the 2
vertices of the distal end point of the teardrop sign. The operated
hips that were proximal compared with the healthy contralateral
side took values greater than zero, and the distal, values less than
zero.

Acetabular inclination

AI was calculated using the angle between a line passing
through the 2 vertices of the distal end point of the teardrop sign
and the axis of the acetabular component.

Acetabular anteversion

AA was measured using Lewinnek's method [12] (inverse
arcsine of the width of the ellipse over the external diameter of the
implant). Based on statistical analyses, it was determined whether
the position of the cup was within Lewinnek's safe zone (40� ± 10�

inclination and 15� ± 10� anteversion) [13].

Statistical analysis

Continuous variables were expressed as medians and IQRs.
Categorical variables were reported as frequencies and percentages.
Continuous variables were compared using the independent-
samples t-test where data were normally distributed and the
Mann-Whitney U test otherwise. Categorical variables were
compared using the chi-squared test and Fisher's exact test. Sta-
tistical significance was defined at a P-value < .05. All analyses were
performed using Stata 13™ statistical software (Stata Corp., College
Station, TX).
Results

Themedian LLDwas 2mm for both groups (P¼ .74). Themedian
FO difference of groups A and B were 7 mm and 5.5 mm, respec-
tively (P ¼ .14). The median discrepancies of the horizontal and
vertical CORs were not statistically significant, with P-values of .69
and .14, respectively. The postoperative horizontal COR appeared to
be significantly more precise in the resident's cohort; the OR group
had better anatomical restoration (31 vs 10) (P < .003). The median
AI angle of groups A and B were 41� and 40�, respectively (P ¼ .62),
and the median AA angle was 19� for both groups (P ¼ .89). The
detailed analysis of biomechanical parameters by the type of sur-
geon and differences compared with healthy contralateral hip is
shown in Tables 3 and 4, respectively.
Discussion

The anatomic restoration of hip biomechanics in THA is neces-
sary for long-term survivorship [6,14,15]. Good clinical outcomes
are associated with optimal FO and leg-length restoration [5,7,16].
To help the surgeon's performance, different types of implants with
different shapes, sizes, offset, and modularity have been developed
[17]. Nevertheless, anatomical reconstruction continues being a
considerable challenge. The current literature works evidence poor
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outcomes when a nonanatomical hip reconstruction is associated
[17-20].

Plenty of literature has been published in the matter of costs,
complications, short-term morbidity, and mortality in surgical
procedures, comparing seasoned specialists and trainee surgeons
[21-25]. However, most of biomechanical studies published to date
have compared implants using the healthy contralateral hip as
control, focusing on LLD, FO, and vertical and horizontal CORs
[11,26-29]. Nevertheless, evidence comparing hip biomechanics
restoration between HSs and ORs remains scarce.

Under strict supervision, ORs can learn and improve their sur-
gical technique, avoiding exposure mistakes, excessive bleeding,
component malpositioning, and so forth. Despite close supervision,
errors due to the surgeon's inexperience are inevitable.

In our study, we obtained postoperative measurements of both
hips in the same patient, using a standardized method. The distal
center of the teardrop sign was used, paying particular attention to
measuring only the center of the radiograph that had an appro-
priate radiographic incidence [11].

ORs restored leg length with more precision (29% achieved an
anatomic restoration) than HSs (22%). Leg lengthening was more
common in the OR group too (57% vs 54%), and leg shortening was
reported in 23 patients of the HS group and 15 cases of the OR
group. Finally, the median LLD was 2 mm for both groups (Table 3
and 4). When referring to LLD, it is worthwhile to analyze the role
of the femoral component. Cemented or uncemented THA allows
for different neck and femoral-head implants, with a higher
versatility to restore the anatomy more precisely. No statistically
significant differences between both groups were noted; in this
sense, it is doubtful that 1-2 mm can offer a clinically significant
difference. However, it is not reported in the literature the exact
number of millimeters necessary to produce clinical symptoms.
Sarangi and Bannister included 110 patients into a prospective
study of LLD, and they found lengthening of >6 mm and shortening
of >10 mm were perceived by all the studied patients [30]. We
believe that surgeons should always try to achieve anatomical
restoration. Preoperative planning and the correct implant choice
should be enough to decrease LLD.

We observed no significant difference in FO measurements be-
tween both groups. Nevertheless, the HS group and the OR group
tended to increase FO when compared with the contralateral side
(Tables 3 and 4).

The postoperative horizontal COR appeared to be significantly
more precise in the resident's cohort; the OR group had better
anatomical restoration (31 vs 10) (P < .003). We observed no sig-
nificant difference in horizontal CORmeasurement between groups
(�2 mm in the HS group and �1 mm in the OR group, P ¼ .69).
Nevertheless, both groups tended to medialize it when compared
with the contralateral side. No significant difference was found
regarding the vertical COR. Although HSs restored the vertical COR
more precisely, almost 72% of the series had the vertical COR
slightly proximal (Tables 3 and 4).

The anatomical restoration of the COR, the cementation tech-
nique, and the femoral stem orientation are important factors
related to aseptic loosening [31,32]. A nonanatomical recon-
struction produces changes in the mechanical forces transmitted
to the implants, associated in the long term with component
loosening. Although several authors initially described this theory
in experimental, theoretical, and mechanical models [14,33], it
was not until the 1980s when it was clinically demonstrated in
retrospective studies in primary surgeries [32] and revisions [34].
Although there is no consensus, an excessively medial, L, or su-
perior COR has been associated with increased rates of aseptic
loosening of one or both components [31,32]. We believe that
without new technologies, correct preoperative planning and
precisely knowing bony anatomical landmarks should help ach-
ieve anatomic restoration.

Karachalios et al. [31] retrospectively evaluated 95 THAs with an
implanted Charnley prosthesis. The maximum tolerated distance
for anatomical restoration of the COR without a significant increase
of the loosening rate was only 2 mm laterally. In our series, median
discrepancies of the horizontal COR were �2 mm (IQR, �5 to 2) in
group A and �1 mm (IQR, �4 to 0) in group B (P ¼ .69).

Callaghan et al. [25] reported the clinical and radiological results
of 100 uncemented porous-coated THAs, analyzing the learning
curve associated with the procedure. All surgeries were performed
by one or 2 surgeons who had previously performed a total joint
arthroplasty fellowship. A definite learning curvewas evidenced by
obtaining good postoperative outcomes in primary uncemented
components. The authors evidenced significant improvement in
acetabular placement in the second group of THA. In contrast with
our study, it was not a comparison between surgeons, and all THAs
were performed by experienced surgeons, not by residents.
Another difference was the lack of AA measurement and the im-
plantation of uncemented components. In our study, most of the
implants were cemented. This fixation could probably be associ-
ated with a better orientation of acetabular cups, evidenced by a
similar acetabular position in the 2 groups (Tables 3 and 4). We
believe that avoiding mini-open approach, the systematic use of
implant tools with offset, the modern cementation techniques, the
use of pressurized cups, and the correct patient positioning would
reduce the errors related to the version and inclination of the
acetabular cup. Lewinnek's safe zone was achieved in 70 (74%) and
69 (63%) patients of groups A and B, respectively (P ¼ .09) (Table 3).

Our study was not without limitations. First, its retrospective
nature correlated with the biases exclusive to the study design. The
sample size of the series resulted in a small number of cases
included in both HS and OR groups, restraining the production of
more accurate statistical analyses. It can be argued that the lack of
statistical significance observed in some of the variables analyzed
can be the result of a beta-type error (underpowered study). Sec-
ond, we did not perform 3-dimensionally reconstructed measure-
ments, which would have allowed us to achieve a more precise and
accurate analysis. However, it is one of the largest studies
comparing hip biomechanics between these 2 groups in cases of
displaced FNFs. Further studies with a multicenter prospective,
comparative approach are needed to validate our results.
Conclusions

We observed no significant difference in LLD, FO, vertical COR,
AI, and AA measurements between the 2 groups, with only the
postoperative horizontal COR significantly more precise in the
resident's cohort. According to these results, ORs under strict su-
pervision are as reliable as HSs to properly restore hip biome-
chanics in patients who undergo THA for displaced FNFs. We
believe this study highlights the importance of strict supervision
and an active teaching role of experienced HSs to provide excel-
lence in the THA technique due to an FNF.
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