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Abstract. - OBJECTIVE: This study will ex-
plore whether the femoral neck osteotomy an-
gle (FNOA) has an effect on hip anatomical func-
tional reconstruction and clinical outcomes af-
ter total hip arthroplasty (THA).

PATIENTS AND METHODS: The study in-
cluded 254 patients (296 hips) who underwent
primary total hip arthroplasty using the same
uncemented short stem (Tri-Lock BPS) between
December 2018 and December 2019. Correla-
tions between FNOA and the radiologic and clin-
ical outcomes of patients were analyzed.

RESULTS: Patients were divided into 3 groups
according to different FNOA. FNOA =50° is Group A,
50°< FNOA <55° Group B, and FNOA =55° Group C.
There were significant differences among the three
groups in distal D1 (p=0.029), sitting proud (SP)
(p<0.001), varus and valgus alignment (p<0.001),
FO (p=0.001), and caput-collum-diaphysis angle
(CCD) (p<0.001). There were significant differenc-
es in the incidence of complications among the
three groups (p<0.007). There was a significant
linear correlation with D1 (B=0.005, CI=0.002 to
0.008, p=0.004), SP (B=-0.266, Cl=-0.286 to 0.166,
p<0.001), the femoral stem varus-valgus alignment
angle (B=-0.359, Cl=-0.422 to -0.297, p<0.001), fem-
oral offset (FO) (B=-0.500, Cl=-0.795 to -0.205,
p=0.001), and CCD (B=0.696, CI=0.542 to 0.849,
p<0.001). In logistic regression analysis, inap-
propriate FNOA increased the risk of dislocation
(OR=0.892, CI=0.812 to 0.979, p=0.016) and thigh
pain (OR=0.920, CI=0.851 to 0.995, p=0.037).

CONCLUSIONS: The study demonstrates the
relationship between FNOA and short-term ra-
diological and clinical outcomes of patients af-
ter THA using a Tri-Lock femoral prosthesis. In-
appropriate FNOA was significantly associated
with failure of hip anatomical reconstruction and
a higher risk of complications.
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Introduction

Cementless prostheses are increasingly used in
total hip arthroplasty with good results'. The age of
the patients is gradually decreasing. However, youn-
ger patients often face a higher risk of complications
later in life, leading to revision surgery?. Therefore,
there is increasing enthusiasm for short stems to
reduce surgical invasiveness, preserve more bone,
and achieve proximal loading transfer’**. Another
advantage of the short femoral stem is the excel-
lent reconstruction of the hip anatomy®. Several
studies™ have shown that the neck-shaft angle
and femoral offset affect the postoperative range
of motion of the hip joint and abductor function.
Given these findings, correct reconstruction of hip
anatomy is of high clinical relevance.

The Tri-Lock stem is a shorter, triaxial locking,
wedge-shaped stem with a distally polished Grip-
tion-coated surface finish, that achieves proximal
femoral fixation through a press-fit of the me-
taphysis'® and provides good fixation strength''.
The design effectively avoids combination with
the surrounding bone and destruction due to the
proximal stress load. The medium- and long-term
follow-up results'*!® showed excellent clinical
manifestations and radiological osseointegration.

Femoral neck osteotomy is essential for the
reconstruction of the hip anatomy with a short
stem. Mihalko et al'® concluded that a higher level
of neck resection (+10 mm) was more likely to
result in increased leg length and femoral offset.
The caput-collum-diaphysis (CCD) angle was si-
gnificantly higher at the 0 mm cervical osteotomy
level, and the femoral offset was lower. Floerke-
meier et al'” found an increase in prosthesis varus
and femoral excursion more easily guided with
a high horizontal resection (+10 mm) compared
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with a low femoral neck osteotomy. Liu et al'®
reported that a decreased neck-preserving ratio
may lead to a higher incidence of stem varus ali-
gnment and associated complications.

However, the relationship between Tri-Lock
BPS stem femoral neck osteotomy and hip ana-
tomical functional reconstruction and clinical
outcomes remains unclear. Since the Tri-Lock
stem uses the traditional femoral neck osteotomy,
the femoral neck is only minimally preserved.
Therefore, this study will explore whether the
femoral neck osteotomy angle (FNOA)" affects
hip anatomical functional reconstruction and cli-
nical outcomes after THA.

Patients and Methods
Study Population and Design

Study population

The study retrospectively analyzed 254 patients
(296 hips) who underwent primary total hip arthropla-
sty using the same uncemented short stem (Tri-Lock
BPS) between December 2018 and December 2019.

Study design

Patients were divided into 3 groups according
to different FNOA. FNOA <50° is Group A,
50°< FNOA <55° is Group B, and FNOA >55°
is Group C. The study was approved by the In-
stitutional Review Board of the Third Hospital
of Hebei Medical University and was conducted
in accordance with the Declaration of Helsinki.
As this was a retrospective study, all patient in-
formation was de-identified prior to analysis, and
informed consent was not needed.

Our inclusion criteria were as follows: (1)
patients with osteonecrosis of the femoral head
(ONFH) stages IIT and TV*, osteoarthritis, and
subcapital neck fracture; (2) patients older than 18
years old and younger than 70 years old; and (3)
primary THA on one or both hips (if one patient
received bilateral THA, the patient was conside-
red as two separate individuals).

Exclusion criteria: (1) patients with hip dysfun-
ction due to rheumatoid arthritis, intraoperative
femoral fractures, developmental dysplasia of the
hip (DDH)?', or other disorders were excluded; (2)
patients who received non-Tri-Lock prostheses in
total hip arthroplasty; (3) patients followed up for
less than 2 years; (4) patient who had undergone
other surgery for ONFH prior to treatment.

Surgery and Treatment

All operations were performed by the same
group of experienced surgeons. Surgical methods
adopted a posterolateral approach to expose the
hip joint. After adduction and internal rotation
and dislocation of the hip joint, and osteotomy
of the femoral neck, the front and back of the fe-
moral neck osteotomy line were kept on the same
plane, followed by full exposure of the acetabu-
lum, and exploration of bony landmarks such as
the acetabular rim, ischium, and lesser trochanter
of the femur. After reaming the acetabulum, the
biological acetabular prosthesis was placed, and
then the lining was placed. The proximal femur
was opened, the medullary cavity was ripped to
an appropriate size with a medullary rasp, and
the femoral prosthesis stem was installed. After
installing the artificial femoral head, the hip joint
was reset, and the joint movement was checked to
ensure that the tightness was appropriate. The pa-

Figure 1. A-B, The front and back of the femoral neck osteotomy line were kept on the same plane during THA
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tient was allowed to attempt full weight bearing
immediately on the day after surgery (Figure 1).

Radiographic Assessment

We focused on the hip radiographs obtained
preoperatively, at 7 days postoperatively, and at the
2-year postoperative mark. The preoperative and
postoperative X-rays were acquired using the sa-
me standard (the patient was standing with double
support, the foot spacing was equal to the shoulder
width, and the bilateral toes were slightly inwards
by approximately 15°) (Figure 2). All impact data
are from the same center. A standardized approach
was used to achieve reproducible projections.

Femoral morphology

According to the Dorr classification??, the cortical
index (CI) and canal-to-calcar ratio (CCR) were me-
asured on the frontal and lateral pelvic X-rays, and
the morphology of the femoral medullary cavity was
divided into Dorr A type, Dorr B type, and Dorr C
type. The canal flare index (CFI) was measured®.

Canal filling ratio (CFR)

CFR was measured at the following four le-
vels: (1) the lesser trochanter (LT): P1, 2 cm above
the tip of the LT; (2) P2, at the level of the tip of

the LT; (3) P3, 2 cm below the tip of the LT; (4)
and D1, 7 cm below the tip of the LT,

Femoral component alignment

Femoral component alignment* was defined
as the angle between the axis of the femoral shaft
and the axis of the femoral stem on anterior and
posterior radiographs and was considered varus
alignment when the angle was >3° and valgus
alignment when the angle was <-3°.

The caput-collum-diaphysis angle (CCD)

CCD is defined as the angle between the femo-
ral neck axis passing through the center of the fe-
moral head and the anatomical axis of the femoral
shaft on anterior-posterior X-rays®.

Femoral offset (FO)

FO is defined as the vertical distance from
the center of rotation of the femoral head to
the anatomical axis of the femur on an antero-
posterior radiograph?’.

Sitting proud (SP)

SP is defined as the distance of the prosthesis
beyond the level of the femoral neck osteotomy
on the anteroposterior radiograph?®.

Figure 2. The postoperative frontal and lateral radiographs of a patient are presented. A, illustrates the front view, while

image (B) displays the lateral view.
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Femoral neck osteotomy angle (FNOA)

The femoral neck osteotomy angle (FNOA) is
defined as the angle between the femoral neck
osteotomy line and the anatomical axis of the femur
on the anteroposterior pelvic radiograph (Figure 3).

Statistical Analysis

All radiological measurements were perfor-
med independently by 2 experienced surgeons
using data obtained from our hospital’s image archi-
ving and communication system and then averaged.
To test for intra- and interobserver reproducibility,
20 patients were randomly sampled, and each mea-
surement was measured independently and repeated
1 week later. In this study, all intraclass correlation
coefficients used to assess reproducibility were >0.9.

Descriptive and statistical analyses were perfor-
med using SPSS v. 26 (IBM Corp., Armonk, NY,
USA). The normality of the distribution was verified
using the Shapiro-Wilk test and the Kolmogoro-
v-Smirnov test. Quantitative data between the three
groups were determined using the Mann-Whitney U
test to determine the significance of differences. The
Chi-square test compares the differences between
categorical variables. Normality criteria were not met
for radiological indices, and Spearman’s correlation
coefficient was used to analyze correlations. Linear
regression analysis was used to evaluate the rela-
tionship between FNOA and radiological indicators.
Logistic regression analysis was used to determine
the relationship between the angle of femoral neck
osteotomy and the risk of complications. p<0.05 was
considered statistically significant.

Results

Patient Characteristics

One Our study comprised 254 participants, of
which 157 were males and 97 were females, with
114 hips in Group A, 99 hips in Group B, and 83
hips in Group C. The average age of the participan-
ts was 50.98+11.73 years, with a mean body mass
index (BMI) of 26.23+2.23 kg/m?. The diagno-
sed conditions of the participants included ONFH
ACRO III and IV (n=198), osteoarthritis (n=90),
and subcapital neck fracture (n=8). Demographic
factors such as age, sex, BMI, and diagnosed con-
ditions were not significantly different among the
three groups (refer to Table I for more details).

Prosthetic Material

The head-to-cup ratio and stem size did not
significantly differ among the three groups. The
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Figure 3. Line A is the osteotomy line of the femoral neck,
and line B is the anatomical axis of the femur. The angle
formed by the AB line is defined as FNOA.

PINNACLE Gription Sector 52 mm cup was the
most commonly utilized, along with the DELTA
ceramic ball 32 mm femoral head and size 4 fe-
moral stem (Table II).

Femur Morphology

There was a total of 84 Dorr type A hips, 183
Dorr type B hips, and 29 Dorr type C hips in our
study. The mean CI of anterior and posterior (AP)
hip radiographs was 0.5340.08, while the mean
CI of lateral hip radiographs was 0.44+0.10. Ad-
ditionally, the mean CCR was 0.67+0.10, and the
mean CFI was 3.27+0.56. Interestingly, there was
no significant difference in femoral morphology
among the three groups (refer to Table I1I).

Radiological Assessment

The average FNOA was 51.97°+£5.74°, with
Group A having a mean of 46.54+3.07°, Group
B having a mean of 52.41+1.57°, and Group C
having a mean of 58.89+3.59°. P1, P2, and P3
did not differ significantly between the three
groups, but there were differences among the
groups in DI (p=0.029). The mean SP was
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Table I. Patient characteristics in different groups.

Variables Group A Group B Group C P
Gender
male 60 (61.86%) 49 (56.98%) 48 (67.61%) 0.394
female 37 (38.14%) 37 (43.02%) 23 (32.39%)
Age (yr)f 50.61+11.59 50.65+11.54 51.87+12.22 0.599
BMI (kg/m?) 26.42+1.91 25.62+3.04 26.64+2.31 0.647
Diseaset
ONFH ARCO III and IV 89 (78.07%) 61 (61.62%) 48 (57.83%) 0.058
Osteoarthritis 24 (21.05%) 34 (34.34%) 32 (38.55%)
Femoral neck fracture 1 (0.88%) 4 (4.04%) 3 (2.70%)

BMI = Body Mass Index; Group A = FNOA <50°, Group B = 50°< FNOA <55°, Group C = FNOA >55°; *Kruskal-Wallis test.

Table II. Femoral components in different groups.

Variables Group A Group B Group C P
Head to cup ratio* 0.66+0.03 0.66+0.03 0.67+0.03 0.564
Median Stem size 4 4 4

Group A = FNOA <50°, Group B = 50°< FNOA<55°, Group C = FNOA >55°; ‘Kruskal-Wallis test.

Table IllI. The indicators of femoral morphology.

Variables Group A Group B Group C P
Dorr type'
A 33 29 22 0.682
B 72 57 54
C 9 13 7
Cortical index?
AP X-ray 0.54+0.08 0.53+0.08 0.53+0.08 0.630
Lateral X-ray 0.44+0.10 0.43+0.09 0.43+0.10 0.723
Canal to calcar ratio? 0.66+0.08 0.68+0.10 0.66+0.11 0.236
Canal flare index* 3.30+0.51 3.27+0.63 3.23+0.54 0.556

Group A = FNOA <50°, Group B = 50°< FNOA <55°, Group C = FNOA >55°; "Chi-squared test, *Kruskal-Wallis test.

4.95+£3.26, and there was a significant diffe-
rence among the three groups (»<0.001). Varus
and valgus alignment occurred in 42 (14.19%)
and 62 (20.95%) stems, respectively. A total
of 192 (64.86%) femoral implants remained
neutral, and there was a significant differen-
ce between the three groups (p<0.001). The
mean FO was 5.86+4.23, and the mean CCD
was 130.524+5.89. Moreover, significant diffe-
rences were observed among the three groups
in FO (p<0.001) as well as in CCD (p<0.001)
(refer to Table 1V).

Clinical Outcome

Among the 296 hips, there were 10 cases
(3.38%) of dislocation, 19 cases (6.42%) of thigh
pain, and 1 case (0.34%) of periprosthetic fracture.
There were significant differences in the incidence

of complications among the three groups (Group
A: 96.49%: 3.51%, Group B: 91.92%: 8.08%,
Group C: 78.31%: 21.69%, p<0.007) (Table V).

Correlation and Regression Analysis

We also investigated the correlation of the
femoral neck osteotomy angle with radiologi-
cal parameters. In the canal filling ratio, only D1
showed a very weak positive correlation with FNOA
(R=0.161, p=0.005). There was a moderate nega-
tive correlation between varus (valgus) alignment
and FNOA (R=-0.557, p<0.001), while there was
a weak negative correlation between stem-sitting
proud and FNOA (R=-0.381, p<0.001). There was
a weak positive correlation between femoral of-
fset and FNOA (R=0.429, p<0.001) and a strong
correlation between neck shaft angle and FNOA
(R=0.805, p<0.001) (Table VI).
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Table IV. Radiological evaluation of hip anatomical functional reconstruction.

Variables Group A Group B Group C P
Canal filling ratio*

P1 0.70+0.06 0.68+0.07 0.69+0.07 0.306

P2 0.81+0.08 0.80+0.09 0.83+0.08 0.096

P3 0.82+0.08 0.81+0.08 0.81+0.10 0.292

DI 0.76+0.20 0.80+0.14 0.83+0.12 0.029%*
Sitting proud (mm)* 6.25£3.26 4.554+2.82 3.64+3.11 <0.001**
Femoral offset (mm)? 9.81£3.45 5.47+£2.82 2.29+2.47 <0.001**
Caput-collum-diaphysis angle (°) 124.02+2.11 131.99+4.09 135.55+3.64 <0.001**
Femoral component alignment’

Non-Varus 81 (71.05%) 91 (91.92) 82 (98.80%) <0.001**

Varus 33 (28.95%) 8 (8.08%) 1 (1.20%)

Group A = FNOA <50°, Group B = 50°< FNOA<55°, Group C = FNOA >55°; Varus >3°, 3°< Neutral <-3°, valgus <-3°; 'Chi-

squared test, *Kruskal-Wallis test; *p<0.05, **p<0.001.

Table V. Complications in three groups.

Variables Group A Group B Group C P

No’ 110 (96.49%) 91 (91.92%) 65 (78.31%) 0.007*
Yes 4 (3.51%) 8 (8.08%) 18 (21.69%)

Periprosthetic fracture 1 (0.88%) 0 0

Dislocation 0 3 (3.03%) 7 (8.43%)

Thigh pain 3 (2.63%) 5 (5.05%) 11 (13.25%)

Group A = FNOA <50°, Group B = 50°< FNOA <55°, Group C = FNOA >55°; fChi-squared test; *p<0.05.

Table VI. Relation between the femoral neck osteotomy angle and some indicators of the femoral prosthesis position.

R P

Canal filling ratio

Pl -0.066 0.260

P2 0.102 0.076

P3 -0.084 0.151

Dl 0.161 0.005
Femoral component alignment angle -0.557 <0.001**
Sitting proud -0.381 <0.001**
Femoral offset 0.429 0.001*
Caput-collum-diaphysis angle 0.805 <0.001**

Group A = FNOA <50°, Group B = 50°< FNOA <55°, Group C = FNOA >55°; *p<0.05, **p<0.001.

Finally, we aimed to further clarify the effects
of the femoral neck osteotomy angle on postope-
rative radiological indicators and complications
through linear regression and binary logistic re-
gression. For every 1° increase in the osteotomy
angle, the canal filling ratio at D1 increased by
0.005 (B=0.005, CI=0.002 to 0.008, p=0.004), the
femoral stem varus angle increased by -0.359 (B=-
0.359, -0.422 to -0.297, p<0.001), the stem sitting
proud increased by -0.226 (B=-0.266, CI=-0.286
to 0.166, p<0.001), the femoral offset increased
by approximately -0.500 (B=-0.500, CI=-0.795 to
-0.205, p=0.001), and the neck shaft angle incre-
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ased by approximately 0.696 (B=0.696, CI=0.542
to 0.849, p<0.001). In logistic regression analysis,
excessive femoral neck osteotomy angle increa-
sed the risk of dislocation (OR=0.892, CI=0.812
to 0.979, p=0.016) and thigh pain (OR=0.920,
CI=0.851 to 0.995, p=0.037) (Table VII).

Discussion
The precise reconstruction of hip anatomy in

total hip arthroplasty (THA) is crucial and plays
an important role in determining clinical outco-
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Table VII. Linear (or logistic) regression analyses of radiological evaluation and complications.

Variables B (OR) 95% CI P
Canal filling ratio’

D1 0.005 0.002 to 0.008 0.004*
Femoral component alignment angle’ -0.359 -0.422 t0 -0.297 <0.001**
Sitting proud’ -0.226 -0.286 to -0.166 <0.001**
Femoral offset’ -0.500 -0.795 to -0.205 0.001*
Caput-collum-diaphysis angle * 0.696 0.542 to 0.849 <0.001**
Periprosthetic fracturef

No reference reference reference

Yes 0.931 0.657 to 1.321 0.689
Dislocation?

NO reference reference reference

Yes 0.892 0.812 to0 0.979 0.047*
Thigh pain?

No reference reference reference

Yes 0.920 0.851 to 0.995 0.037*

Group A = FNOA <50°, Group B = 50°< FNOA <55°, Group C = FNOA >55°; ftest Linear regression analyses; *logistic

regression analyses; *p<0.05, **p<0.001.

mes®3!. Nonetheless, it remains unclear whether
FNOA impacts hip anatomical reconstruction and
complications following THA. Consequently, the
study aims to compare postoperative varus and
valgus alignment of the femoral stem, FNOA,
CCD, and SP between different groups.

The findings of the study reveal a moderate
negative correlation between varus alignment of
the femoral stem and FNOA (B=-0.359, CI=-0.422
to -0.297, p<0.001), while valgus alignment shows
the opposite correlation. Furthermore, SP is nega-
tively associated with FNOA. A more vertically
oriented femoral neck osteotomy leads to a de-
crease in the amount of medial femoral neck rem-
nant, which in turn leads to an increase in the SP.
Our hypothesis is that an increase in SP caused by
a more vertical osteotomy may lead to a weaker
press-fit force in the medial cortex compared to
the lateral cortex, making it more susceptible to
varus alignment during prosthesis implantation.

Although implant malalignment is generally
believed to be associated with load transfer
and stress-shielding patterns, Hayashi et al®
proposed that varus alignment is significantly
negatively associated with bone mineral density
(BMD) changes in Gruen area 1 and positi-
vely correlated with BMD changes in Gruen
area 7. Vresilovic et al** demonstrated that for
uncemented stems, varus misalignment of the
implant was related to loosening. However, our
study found no evidence of stem loosening or
sinking in all three groups, which is consistent
with the low loosening and high survival rate of
the Tri-Lock stem reported in the literature.

Albers et al' reported a 99.2% survival rate for
the Tri-Lock BPS stem with at least 4 years of fol-
low-up. Ulivi et al® reported a 99% survival rate
for the Tri-Lock BPS stem at a mean follow-up of
5.7 years, with only one patient undergoing revi-
sion surgery for dislocation. Additionally, Peng
et al* reported no indication of stem loosening
during the 2-year follow-up period. This high
survival rate may be attributed to the rough po-
rous coating'*. The porous coating at the proximal
end preserves mechanical integrity under shear,
compression, torsion, and tension®. Furthermore,
the shorter length and narrower distal end allow
for greater proximal stress transfer and prevent
distal stress overload'. As a result, we contend that
FNOA is not a risk factor for loosening or sinking.

In addition, CCD was positively correlated wi-
th FNOA (B=0.696, CI=0.542 to 0.849, p<0.001).
This occurs because the angle of the femoral stem
neck axis is fixed, and the varus alignment of the
femoral stem tends to increase as the osteotomy
angle of the femoral neck decreases. This varus
alignment of the femoral stem increases the an-
gle between the femoral neck and the prosthesis
neck, resulting in a decrease in CCD, which is
also responsible for other clinical and radiologi-
cal changes. Shoji et al’ demonstrated that a low
CCD and horizontal offset increase the range of
motion in hip flexion and internal rotation, while
a high CCD and vertical offset increase the range
of motion in external rotation. They’ also confir-
med that the proper position of the implant could
prevent the risk of THA dislocation. Our study
found that the femoral offset decreased with in-
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creasing FNOA (B=-0.500, CI=-0.795 to -0.205,
p=0.001). The restoration of femoral offset is clo-
sely related to the balance of the muscles around
the hip and the recovery of hip function after
surgery. Increased soft tissue tension and offset
result in an increased range of motion, abductor
strength, and stability**=®. Forde et al* reported
that the restoration of femoral offset is an impor-
tant factor in preventing dislocations after total
hip arthroplasty. When the femoral offset was at
least 3 mm greater than that of the contralateral
hip, the risk of dislocation was lower (OR=0.94,
CI 0.89-0.99, p=0.0192). Ogawa et al*® reported
that despite a small sample size and wide variabi-
lity among the subjects, the unstable THA group
showed a significantly smaller femoral offset on
the affected side than on the healthy side. This is
consistent with our results. In this study, we found
that the risk of dislocation after THA increased
with increasing FNOA (OR=0.892, CI=0.812 to
0.979, p=0.047). We attribute the dislocation to
inadequate tension of the soft tissues surroun-
ding the hip joint, which is caused by insufficient
recovery of the femoral offset resulting from an
inappropriate femoral neck osteotomy angle.

Mihalko et al'® reported that following femo-
ral neck resection at the level of +10 mm, the
femoral offset of the Metha stem, CCD, and leg
length discrepancy (LLD) increased by 4.7+3.4
mm, 5.6°+7.4°, and 9+3.1 mm, respectively, com-
pared to their presurgical values. Furthermore,
they'® hypothesize that high-level femoral neck
resection results in an increased femoral offset re-
storation and a reduction in CCD and LLD com-
pared to low-level resection (0 mm). Floerkemeier
et al”” concluded that femoral neck osteotomy
with a lower level of the Metha stem resulted in
a more similar stress pattern to the nonimplanted
state and that a lower level and more distal femo-
ral neck resection reduced Metha stem femoral
deviation and signs of varus dislocation. Our fin-
dings indicate that FNOA can significantly affect
the final position of the femoral stem, as well as
the CCD angle and femoral offset. An incorrect
FNOA is not conducive to hip anatomical recon-
struction. Therefore, we suggest that joint surge-
ons should meticulously select the appropriate
FNOA during surgery (Figure 4).

In logistic regression analysis, we found that
the risk of thigh pain increased with increasing
FNOA (B=0.920, CI=0.851 to 0.995, p=0.037).
Hayashi et al41 reported that thigh pain occurred
in 16.7% of patients with short, tapered-wedge
stems, attributing the risk factors to high activity
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levels, Dorr type C femoral bone shape, and stem
tip-to-distal bone surface contact. Chen et al*
suggested that poor implant alignment causing
distal contact between the stem tip and the medial
cortical bone increased local stress, contributing
to the development of thigh pain. While our fin-
dings align with these studies*+*?, we believe
that implant misalignment due to FNOA is
not the sole factor influencing thigh pain risk.
A meta-analysis* revealed that chronic posto-
perative pain after THA occurs in 7-23% of
patients, indicating that persistent thigh pain
following short-stem THA is a complex mul-
tidimensional pain experience rather than a
simple transmission of nociception.

Previous studies** have shown that the Tri-
Lock BPS stem has a lower incidence of peripro-
sthetic fractures. Mlli et al** reported a 0.4% inci-
dence of periprosthetic fractures during short stem
surgery, while Nishioka et al® observed a 0.7%
periprosthetic femoral fracture rate during a 2-ye-
ar follow-up period, concluding that stem varus
alignment was not associated with periprosthetic
fractures. In our study, only 1 case of periprosthetic
femoral fracture was identified in Group A, and re-
gression analysis showed that FNOA was not a risk
factor for periprosthetic fractures. Moreover, our
study identified a potential concern: lower FNOA
may result in an inadequate filling of the distal me-
dullary cavity, consequently impacting the proper
positioning of the femoral stem.

Limitations

It is essential to acknowledge the limitations of
our retrospective analysis, including the relatively
small sample size and potential bias in radio-
graphic measurements due to the quadrilateral
cross-section of the femoral stem. Additionally,
our study only included a two-year follow-up, and
a more extended period of observation is neces-
sary to validate the correlation between the femo-
ral neck osteotomy angle and both radiological
and clinical outcomes. Finally, all measurements
are based on 2D X-rays, and 3D measurements
are subject to further certification.

Conclusions

The study demonstrates the relationship betwe-
en FNOA and short-term radiological and clinical
outcomes of patients after THA using a Tri-Lock
femoral prosthesis. Inappropriate FNOA was signi-
ficantly associated with failure of hip anatomical
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Figure 4. A-B, A 68-year-old female patient underwent total hip replacement for ONFH. This patient had an FNOA of 77.13°
and had a postoperative dislocation. Our study shows that excessive FNOA increases the risk of postoperative dislocation.

reconstruction and a higher risk of complications.
Therefore, clinical orthopedic surgeons should be
more cautious in FNOA to improve the postoperati-
ve prognosis of patients.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval

The study was started prospectively after the approv-
al of the Ethics Evaluation Committee of our faculty
(188/04.06.2020).

Funding
The Authors declared that this study received no financial
support.

Informed Consent
Written informed consent was obtained from all participants.

ORCID ID
$.Y.: 0000-0002-7290-6798; M.S.A.: 0000-0002-2999-2141.

1)

3)

5)

6)

References

Golden SH, Vigilanec CP, Kao WH, Brancati
FL. Preoperative glycemic control and risk of in-
fectious complications in a cohort of adults with
diabetes. Diabetes Care 1999; 22: 1408-1414.

Krinsley JS. Association between hyperglyce-
mic and increased hospitalization in a hetero-
geneous population of critically ill patients.
Mayo Clinic Proceedings 2003; 78: 1471-1478.

Yigit S, Akar MS, Sahin MA, Arslan H. Peri-
prosthetic infection risks and predictive value of
C-reactive protein / albumin ratio for total joint
arthroplasty. Acta Biomed 2021; 92: e2021324.

Lambertz OC, Yagdiran A, Wallscheid F, Ey-
sel P, Jung N. Periprosthetic infection in joint
replacement. Dtsch Arztebl Int 2017; 114: 347-
353.

Goh SL, De Silva RP, Dhital K, Gett RM. Is
low serum albumin associated with postopera-
tive complications in patient’s under-going oe-
sophagectomy for oesophageal malignancies?
Interact Cardiovasc Thorac Surg 2015; 20: 107-
113.

Bolognesi MP, Marchant MH, Viens NA, Cook
C, Pietrobon R, Thomas PV. The impact of di-
abetes on perioperative patient outcomes after
total hip and total knee arthroplasty in the Unit-
ed States. J Arthroplasty 2008; 23: 92-98.



Q.-X. Wang, Y.-J. Shang, Y.-B

. Ma, Y.-S. Liu, et al

7)

10)

11)

12)

13)

14)

15)

Rizvi AA, Chiloag SA, Chiloag KJ. Peri-operative
management of diabetes in hyperglycemia in pa-
tients undergoing orthopaedic surgery. J AAOS
2010; 18: 426-435.

Parvizi J, Gehrke T. International Consensus
Group on Periprosthetic Joint Infection. Defini-
tion of periprosthetic joint infection. J Arthroplas-
ty 2014; 29: 1331.

Arampatzis S, Frauchiger B, Fiedler GM, Leich-
tle AB, Buhl D, Schwarz C, Georg CF, Heinz
Z, Aristomenis KE, Gregor L. Characteristics,
symptoms, and outcome of severe dysnatremias
present on hospital admission. Am J Med 2012;
125: 1125.e1-1125.€7.

Tande AJ, Patel R. Prosthetic joint infection. Clin
Microbiol Rev 2014; 27: 302-345.

Momohara S, Kawakami K, lwamoto T, Yono K,
Sakuma Y, Hiroshima R, Imamura H, Masuda I,
Tokita A, Ikari K. Prosthetic joint infection after to-
tal hip or knee arthroplasty in rheumatoid arthritis
patients treated with nonbiologic and biologic dis-
ease-modifying antirheumatic drugs. Mod Rheu-
matol 2011; 21: 469-475.

Jamsen E, Nevalainen P, Eskelinen A, Kaisa H,
Jarkko K, Teemu M. Obesity, diabetes, and pre-
operative hyperglycemia as predictors of peri-
prosthetic joint infection: a single-center analy-
sis of 7181 primary hip and knee replacements
for osteoarthritis. J Bone Jt Surg Am 2012; 94:
el01.

Jeon CY, Furuya EY, Berman MF, Larson EL. The
role of pre-operative and post-operative glucose
control in surgical-site infections and mortality.
Plos One 2012; 7: e45616.

Marchant MH, Viens NA, Cook C, Thomas PV,
Michael PB. The impact of glycemic control and
diabetes mellitus on perioperative outcomes af-
ter total joint arthroplasty J Bone Joint Surg Am
2009; 91: 1621-1629.

Jamsen E, Nevalainen P, Kalliovalkama J, Teemu
M. Preoperative hyperglycemia predicts infected

5022

16)

17)

18)

19)

20)

21)

22)

23)

24)

total knee replacement. Eur J Intern Med 2010;
21: 196-201.

King JT, Goulet JL, Perkal MF, Ronnie AR. Gly-
cemic control and infections in patients with dia-
betes undergoing noncardiac surgery. Ann Surg
2011; 253: 158-165.

Mendez CE, Mok KT, Ata A, Robert JT, Jorge
CE, Guillermo EU. Increased Glycemic Variability
Is Independently Associated With Length of Stay
and Mortality in Noncritically Il Hospitalized Pa-
tients. Diabetes Care 2013; 36: 4091-4197.

Han HS, Kang SB. Relations between long-term gly-
cemic control and postoperative wound and infec-
tious complications after total knee arthroplasty in
type 2 diabetics. Clin Orthop Surg 2013; 5: 118-123.

Iwata M, Kuzuya M, Kitagawa Y, Iguchi A. Prog-
nostic value of serum albumin combined with se-
rum C-reactive protein levels in older hospitalized
patients: continuing importance of serum albu-
min. Aging Clin Exp Res 2006; 18: 307-311.

Greene KA, Wilde AH, Stulberg BN. Preoperative
nutritional status of total joint patients. Relation-
ship to postoperative wound complications. J Ar-
throplasty 1991; 6: 321-325.

Huang R, Greenky M, Kerr GJ, Matthew SA, Ja-
vad P. The effect of malnutrition on patients un-
dergoing elective joint arthroplasty. J Arthroplas-
ty 2013; 28: 21-24.

SiHB, Zeng Y, Shen B, Jing Y, Zhou Z, Kang P, Pei F.
The influence of body mass index on the outcomes
of primary total knee arthroplasty. Knee Surg Sport
Traumatol Arthrosc 2015; 23: 1824-1832.

Claus A, Asche G, Brade J, Schwenkglenks MB,
Horchler H, Mdaller JF, Schumm W, Weise K,
Scharf HP. Risk profiling of postoperative compli-
cations in 17,644 total knee replacement. Der Un-
fallchirurg 2006; 109: 5-12.

Namba RS, Inacio MC, Paxton EW. Risk factors
associated with deep surgical site infections after
primary total knee arthroplasty. J Bone Jt Surg
Am 2013; 95: 775-782.



