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AIM: To investigate the impact of femoral offset (FO) reconstruction on postoperative hip function recovery and complication rates
following total hip arthroplasty (THA) via the posterolateral approach.

METHODS: A retrospective analysis was performed on 146 patients who underwent primary unilateral THA between January 2019
and April 2024. Patients were divided into two groups based on whether the postoperative FO difference (<4 mm vs. >4 mm): the
reconstruction group (n = 92) and the control group (n = 54). Baseline characteristics, radiographic parameters, postoperative functional
outcomes (Harris Hip Score (HHS), visual analogue scale (VAS) for pain, and gait parameters), complications, and prosthesis failure
cases were compared between the groups, accompanied by a representative case analysis.

RESULTS: No significant differences were observed in baseline data between the two groups (p > 0.05). Compared with the control
group, the postoperative FO in the reconstruction group was significantly closer to that of the contralateral healthy side (p < 0.05).
There were no significant differences in acetabular prosthesis parameters between the two groups (p > 0.05). However, the femoral stem
neck-shaft angle in the control group was significantly smaller than in the reconstruction group (p < 0.05). At all postoperative time
points, the reconstruction group demonstrated superior outcomes in HHS, VAS, and gait parameters than the control group (p < 0.05).
The incidence of complications was significantly lower in the reconstruction group than that in the control group (p < 0.05), whereas no
significant difference was found in prosthesis revision rates (p > 0.05). Representative cases indicated that patients who failed to achieve
FO reconstruction criteria were more susceptible to postoperative dislocation.

CONCLUSIONS: Precise femoral offset reconstruction contributes to improved postoperative hip function and a reduced risk of com-
plications in THA.
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offset (FO) is recognized as one of the critical determi-
nants [3,4]. FO is defined as the vertical distance from
the center of the femoral head to the longitudinal axis of
the femoral shaft, and its reconstruction directly influences
the lever arm length of the hip abductor muscles, the dis-
tribution of joint contact stress, and overall joint stability
[5-7]. Through the combination of preoperative medical
imaging and intraoperative assessment of soft tissue ten-
sion around the hip joint, personalized reconstruction of OF
can be achieved [8,9]. Theoretically, restoring the normal
FO improves the strength of the hip abductor muscles, re-
duces prosthesis wear, and lowers the risk of postoperative
dislocation [10,11]. However, in clinical practice, due to
errors in preoperative measurement, inappropriate prosthe-
sis selection, or intraoperative technical deviations, the FO

Introduction

Total hip arthroplasty (THA) is one of the most effective
treatments for advanced hip joint diseases and is widely
used in clinical practice [1]. Approximately 400,000 THA
procedures are performed annually in China, and this num-
ber continues to increase with population aging and rising
expectations for quality of life [2]. Therefore, in-depth in-
vestigation of the key factors influencing postoperative out-
comes of THA, as well as optimization of surgical tech-
niques and prosthesis selection, remains a central focus of
orthopedic research.

In recent years, an increasing number of studies have em-

phasized optimizing THA surgical techniques to improve
surgical outcomes, among which reconstruction of femoral
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of 15-30% of patients is often inadequately reconstructed
[12,13]. Therefore, this study aimed to investigate the im-
pact of FO reconstruction on postoperative functional re-
covery and complication rates following THA through a ret-
rospective analysis of clinical data and imaging parameters,
providing radiographic evidence to guide surgical planning
and optimization.
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Materials and Methods
Participants

A total of 146 patients who underwent primary and uni-
lateral THA at Wuyi County Traditional Chinese Medicine
Hospital between January 2019 and April 2024 were retro-
spectively included. Patients were divided into the recon-
struction group (femoral offset difference <4 mm, n = 92)
and the control group (femoral offset difference >4 mm, n
= 54) based on whether postoperative FO was adequately
restored. Inclusion criteria: (1) Age >18 years; (2) Diag-
nosis of end-stage hip joint disease; (3) Body mass index
(BMI) <30 kg/m?; (4) Use of the posterolateral surgical
approach; (5) Application of a biological femoral prosthe-
sis; (6) Minimum postoperative follow-up >1 year. Ex-
clusion criteria: (1) Revision surgery; (2) Bilateral simulta-
neous THA; (3) Presence of neuromuscular disorders, pre-
vious hip fractures, severe osteoporosis, or other diseases
compromising hip joint mechanics; (4) Presence of cogni-
tive dysfunction or inability to cooperate with postoperative
follow-up. This study was approved by the Ethics Commit-
tee of Wuyi County Traditional Chinese Medicine Hospital
(No. 2025-LL-002) and strictly adheres to the Declaration
of Helsinki. Written informed consent was obtained from
all participants.

Procedure of Surgery

All patients underwent surgery through the posterolateral
approach. The patient was positioned in the lateral decubi-
tus position. After general anesthesia or epidural anesthesia
was achieved, a 1015 c¢m incision was made, centered on
the posterior border of the greater trochanter. The skin, sub-
cutaneous tissue, and fascia lata were incised sequentially,
and the gluteus maximus fibers were bluntly separated to
expose the short external rotator muscles. The piriformis,
obturator internus, superior and inferior gemellus, and other
short external rotator muscles were detached and retracted
medially to expose the hip joint capsule. The joint capsule
was incised in a T-shape, and the hip joint was dislocated
to expose the femoral head and acetabulum. The acetabu-
lar labrum, ligamentum teres, and hyperplastic synovial tis-
sue were excised. The acetabulum was sequentially reamed
with an acetabular rasp until punctate bleeding from the
subchondral bone appeared, after which an appropriately
sized acetabular prosthesis and liner were implanted.

The femoral side was then prepared: the medullary canal
was reamed to an appropriate size, and the biological
femoral stem and prosthetic femoral head were implanted,
followed by reduction of the hip joint. The range of motion
and stability of the hip joint were assessed, the wound was
irrigated, a drainage tube was inserted, and the incision was
sutured layer by layer. All procedures were performed by
the same surgical team.
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Methods for Measuring Femoral Offset

FO was defined as the perpendicular distance from the
center of the femoral head to the longitudinal axis of the
femoral shaft. Measurements were performed using pre-
operative and postoperative anteroposterior pelvic radio-
graphs. The specific measurement procedure was as fol-
lows: the center of the femoral head was determined by
drawing two chords across the acetabular arc, followed by
erecting perpendicular bisectors to each chord; their inter-
section point was taken as the center of the femoral head.
The midline of the femoral shaft was defined as the exten-
sion line of the connection between the midpoint of the in-
tercondylar fossa and the center of the femoral head. As
shown in Fig. 1, the vertical distance from the center of the
femoral head to the midline of the femoral shaft was mea-
sured as the FO. Postoperative FO was compared with that
of the contralateral (nonoperative) side, and a difference
within 4 mm was considered as successful reconstruction
of the FO [14].

Fig. 1. Measurement of femoral offset. The arrow indicates the
length of FO, and circle indicate the femoral head. Note: FO,
femoral offset; R, right.
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Observation Indicators
Baseline Comparison

Baseline characteristics were compared between the two
groups, including gender, age, operative duration, length of
hospital stay, and etiology. Radiographic parameters, in-
cluding acetabular prosthesis positioning and FO measure-
ments (preoperative FO on the affected side, FO on the con-
tralateral side, and postoperative FO), were also analyzed.
The difference in femoral offset (DFO) was calculated as:
DFO = postoperative FO — FO of the contralateral side.
The acetabular prosthesis position was evaluated by the ac-
etabular abduction and anteversion angles, while the posi-
tion of the femoral prosthesis was assessed by the femoral
stem anteversion angle and the femoral stem neck-shaft
angle. Radiographic parameters were measured by two
experienced orthopedic radiologists using a double-blind
method. Measurements were conducted using RadiAnt DI-
COM Viewer software (version 2022.1.1; Medixant, Poz-
nan, Poland). To ensure measurement accuracy and relia-
bility, each parameter was measured twice, and the mean
value was taken as the final result.

Postoperative Functional Assessment

Patients were followed up for 1 year postoperatively. The
Harris Hip Score (HHS) and visual analogue scale (VAS)
were used to evaluate the recovery of hip joint function at 3,
6, and 12 months postoperatively. The HHS assesses pain,
function, deformity, and joint range of motion, with a max-
imum score of 100 points. Higher scores indicate better hip
joint function [15]. The VAS evaluates pain intensity, rang-
ing from 0 (no pain) to 10 points (severe pain) [16]. Gait
performance was assessed at 12 months postoperatively us-
ing a gait analyzer (Model 7.7, Tekscan Inc., South Boston,
MA, USA). The parameters evaluated included step length,
walking speed, and double support duration [17].

Complications and Prosthesis Failure Cases

The incidence of postoperative complications, including
dislocation, infection, loosening, and lower limb length dis-
crepancy, was compared between groups. The number of
patients requiring prosthesis revision during follow-up was
recorded, and prosthesis failure cases were calculated ac-
cordingly.

Statistical Methods

Data were analyzed using SPSS 22.0 statistical software
(IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test
was applied to assess the normality of the data distribution.
Measurement data were expressed as mean =+ standard de-
viation (T + s), and comparisons between the two groups
were performed using the independent-samples #-test. Cat-
egorical variables were expressed as frequencies and per-
centages (%), and intergroup comparisons were conducted
using the chi-square (x?) test. A p-value < 0.05 was con-
sidered statistically significant.

Results
Baseline Data

As shown in Table 1, there were no significant differences
between the two groups in terms of gender distribution, age,
surgical side, length of hospital stay, or operative duration
(p > 0.05), indicating that both groups of people were com-
parable in baseline characteristics. The primary etiologies
among patients included primary osteoarthritis, rheumatoid
arthritis, femoral head necrosis, and other causes (such as
post-traumatic arthritis). Chi-square analysis revealed no
significant difference in the distribution of etiologies be-
tween the two groups (p > 0.05), indicating that the compo-
sition of etiologies had no confounding effect on the study
outcomes.

Radiographic Measurement Results

All patients had preoperative and postoperative distal
femoral FO measurements of the affected and unaffected
sides. The postoperative distal femoral FO in the recon-
struction group (40.8 £+ 3.9 mm) was closer to the unaf-
fected side (39.1 £+ 3.6 mm), while the distal femoral FO
in the control group was excessively restored (43.6 + 4.3
mm). The DFO between the two groups was significantly
smaller in the reconstruction group than in the control group
(1.3 £ 0.2 mmvs. 4.3 £ 1.6 mm, p < 0.001), suggesting
that the distal femoral FO was restored more effectively in
the reconstruction group (Table 2).

In addition, radiographic parameters of the acetabulum and
femoral components were evaluated. There were no sig-
nificant differences in acetabular abduction or anteversion
between the two groups (p > 0.05), suggesting that similar
acetabular positioning is unlikely to affect treatment out-
comes. However, the femoral stem neck-shaft angle was
significantly greater in the reconstruction group than in the
control group (133.1° £ 5.8° vs. 130.9° £+ 4.2°, p=10.016)
(Table 3).

Hip Function Assessment

During postoperative follow-up, hip joint function was as-
sessed using the HHS, VAS, and gait parameters. The
reconstruction group exhibited significantly higher HHS
scores at all postoperative time points compared with the
control group (p < 0.05), indicating that accurate FO recon-
struction contributes to improved hip function. Similarly,
VAS scores in the reconstruction group were significantly
lower at all time points (p < 0.05), suggesting superior post-
operative pain control.

Furthermore, gait analysis using a three-dimensional gait
system revealed that the reconstruction group achieved bet-
ter performance in step length, walking speed, and double
support time, demonstrating improved gait symmetry and
stability. These findings suggest that accurate FO recon-
struction facilitates restoration of normal gait patterns (Ta-
ble 4).
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Table 1. Demographic and clinical characteristics of patients.

Variable Reconstruction group (n=92)  Control group (n=54)  t/x>  p-value
Age (years) 62.7 + 8.1 634 +7.38 0.511 0.612
Males [n (%)] 49 (53.3%) 28 (51.9%) 0.027 0.867
Surgical side (left/right, n) 42/50 25/29 0.006 0.940
Etiology type [n (%)] 0.276 0.964
Primary osteoarthritis 45 (48.9%) 26 (48.1%)
Rheumatoid arthritis 12 (13.0%) 8 (14.8%)
Femoral head necrosis 28 (30.4%) 15 (27.8%)
Others 7 (7.6%) 5(9.3%)
Operation duration (minutes) 98.6 + 12.4 101.2 £ 14.1 1.162 0.247
Length of hospital stay (days) 102 +£2.5 10.5+2.8 0.669 0.504
Note: Data are presented as mean =+ standard deviation or n (%).
Table 2. Radiographic parameters of femoral offset.
Indicator (mm) Reconstruction group (n=92)  Control group (n = 54) t p-value
FO of the contralateral side 39.1+3.6 389+42 0.304 0.761
Preoperative FO of the affected side 36.2 +4.7 358+ 5.1 0.481 0.631
Postoperative FO 40.8 +3.9 43.6 4.3 4.031 <0.001
DFO 1.3+£0.2 43+ 1.6 17.791  <0.001
Note: DFO, difference in femoral offset.
Table 3. Radiographic parameters of the acetabular and femoral prostheses.
Parameters (°) Reconstruction group (n=92)  Control group (n = 54) t p-value
Acetabular abduction angle 423 +32 428 +3.5 0.880 0.380
Acetabular anteversion angle 18.6 4.1 19.2 +3.8 0.877 0.382
Femoral stem anteversion angle 123+2.5 12.5+2.7 0.453 0.651
Femoral stem neck-shaft angle 133.1 £5.8 1309 +4.2 2.436 0.016

Table 4. Postoperative hip joint function and gait parameters.

Time point Reconstruction group (n=92)  Control group (n = 54) t p-value
HHS
3 months after surgery 78.6 £ 6.3 732 +£7.1 4.769  <0.001
6 months after surgery 83.4+£59 77.8 £6.7 5263  <0.001
12 months after surgery 872+54 80.3 £ 6.5 6.905  <0.001
VAS
3 months after surgery 2.1£038 29+1.1 5.062  <0.001
6 months after surgery 1.5+ 0.6 23+09 6.437  <0.001
12 months after surgery 1.1£05 1.9+£0.7 8.023  <0.001
Gait parameters (12 months postoperatively)
Step length (cm) 653 +4.38 59.6 £5.2 6.716  <0.001
Walking speed (m/s) 1.12 £ 0.11 0.98 +0.13 6.935  <0.001
Double support period (s) 0.22 £0.03 0.26 £ 0.04 6.858  <0.001

Note: Data are expressed as mean =+ standard deviation. HHS, Harris Hip Score; VAS, visual analogue scale.

Complications and Prosthesis Failure Cases

Postoperative complications occurring within one year af-
ter surgery were recorded, including dislocation, infection,
loosening, and other related events. Among these, dislo-
cation was more frequently observed in the control group.
Overall, the incidence of complications in the control group
was significantly higher than in the reconstruction group (p
< 0.05), suggesting that accurate FO reconstruction helps
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reduce the risk of postoperative complications. The pros-
thesis failure cases in the reconstruction group was higher
than in the control group. However, the difference did not
reach statistical significance (p > 0.05, Table 5).

Radiographic Case Analysis

Representative cases from each group were compared. In
one patient without postoperative complications (Fig. 2A),
the FO of the contralateral side was 40.08 mm, while the
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Table S. Postoperative complications and prosthesis failure cases.

Parameter (n)

Reconstruction group (n = 92)

2

Control group (n = 54) X p-value

Complication type
Dislocation
Infection
Loosening
Leg length discrepancy
Others

Overall complication rate

— 00 W N m e e

Prosthesis failure cases

11 4.097 0.043
3 1.148 0.284

Fig. 2. Representative postoperative radiographs of patients in the two groups. (A) A case showing adequate FO reconstruction in

the reconstruction group. (B) A case showing loss of FO reconstruction in the control group. Note: FO, femoral offset; R, right.

postoperative FO of the affected side was 40.88 mm, meet-
ing the reconstruction criteria. In another patient (Fig. 2B),
following hip replacement, the FO of the contralateral side
was 43.09 mm, while the postoperative FO of the affected
side was 37.42 mm. The FO failed to meet the reconstruc-
tion criteria, and the patient developed a hip dislocation
seven months after surgery.

Discussion

A retrospective analysis of 146 patients who underwent
THA via the posterolateral approach in this study revealed
that the accuracy of postoperative FO reconstruction sig-
nificantly influences hip function recovery and pain relief.
This finding suggests that achieving precise FO reconstruc-
tion during THA is crucial for improving postoperative clin-
ical outcomes.

As a core parameter maintaining the biomechanical balance
of the hip joint, the anatomical restoration of FO may af-
fect joint function and prosthesis longevity [18]. A normal
FO reduces muscle contraction force by extending the lever
arm of the hip abductor muscles. When the offset increases
abnormally, the rotational center of the hip joint shifts lat-

erally, resulting in a higher load on the abductor muscles.
This increased mechanical demand can lead to muscle fa-
tigue and decreased muscle strength over time [19]. These
findings are consistent with the higher incidence of dislo-
cation and lower limb length discrepancy observed in the
control group. Notably, no statistical difference was ob-
served in the acetabular abduction or anteversion angles
between the two groups, excluding the potential influence
of acetabular positioning on the study results (p < 0.05).
However, there were significant differences in femoral stem
neck-shaft angle between the groups, consistent with previ-
ous reports indicating that the neck-shaft angle is inversely
correlated with FO [20]. This relationship was explained
by the fact that when the neck-shaft angle increases, the
femoral neck becomes relatively more “upright”, shifting
the center of the femoral head toward the longitudinal axis
of the femoral shaft and thereby reducing FO. Conversely,
when the femoral neck assumes a more “abducted” orien-
tation, FO increases. These findings suggest that adjusting
the offset by selecting prostheses with varying neck-shaft
angles may represent a feasible clinical strategy.
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In this study, the Harris Hip Scores of the reconstruction
group at all postoperative time points were significantly
higher than those of the control group, while VAS scores
remained consistently lower, confirming that effective FO
reconstruction can accelerate functional recovery and re-
lieve pain. The mechanism of pain alleviation may relate
to optimized joint contact stress: when the offset is close
to the physiological levels, load distribution between the
acetabular and femoral head prostheses becomes more uni-
form, reducing pain caused by localized stress concentra-
tion [21,22].

Three-dimensional gait analysis further demonstrated that
the step length and walking speed of the reconstruction
group were significantly superior to those of the control
group, and the double support phase was shorter, suggest-
ing that their gait symmetry was close to the normal level.
These findings are consistent with the biomechanical evi-
dence showing that abnormal offset delays the transfer of
the center of gravity during the gait cycle, compelling pa-
tients to extend the double support phase to maintain bal-
ance. Moreover, a study by Li et al. [23] reported that
insufficient offset reconstruction is closely associated with
early postoperative gait disorders. In this study, a represen-
tative case revealed that a patient who did not meet the re-
construction criteria experienced dislocation seven months
postoperatively, further confirming the importance of accu-
rate FO reconstruction for maintaining joint stability.

The results of this study showed that the incidence of post-
operative complications in the control group was signifi-
cantly higher than that in the reconstruction group, with
particularly notable differences in dislocation events and
lower limb length discrepancies. This finding is consistent
with several previous studies. Sakamoto et al. [24] reported
that FO loss is associated with posterior dislocation follow-
ing total hip arthroplasty in patients with femoral head os-
teonecrosis. Similarly, Waibel’s study demonstrated that a
lower limb length discrepancy exceeding 10 mm can result
in pelvic tilt and compensatory lumbar scoliosis, potentially
leading to chronic low back pain or prosthesis loosening
over time [25]. No significant difference was observed in
the prosthesis failure cases between the two groups, which
may be related to the relatively short follow-up period.
Although this study reveals the crucial impact of FO recon-
struction on postoperative function and complications after
THA, several limitations should be acknowledged. First,
the sample size was relatively limited. A total of 146 pa-
tients were included, which, although somewhat represen-
tative, may not sufficiently capture population heterogene-
ity. Moreover, the unequal sample sizes between groups
might have influenced statistical power and the robustness
of the conclusions. Second, due to the retrospective de-
sign, potential information and selection biases cannot be
entirely excluded. Finally, the follow-up period was rela-
tively short, with an average duration of one year, which
may not fully reflect the long-term influence of FO recon-
struction on the failure cases of the prosthesis.

1492 Ann. Ital. Chir, 96, 11, 2025

Future studies should include large-scale, prospective ran-
domized controlled trials to further validate the true impact
of FO reconstruction on postoperative outcomes. Addition-
ally, with recent advancements in computer navigation and
robot-assisted technologies, numerous studies have demon-
strated that these innovations can significantly enhance the
precision of FO reconstruction and improve postoperative
functional recovery [26,27]. Therefore, integrating imag-
ing evaluation, intraoperative dynamic assessment, and ad-
vanced surgical assistance technologies in clinical practice
is recommended to optimize the accuracy of FO reconstruc-
tion.

Conclusions

In total hip arthroplasty via the posterolateral approach, ac-
curate reconstruction of the femoral offset contributes to
improved postoperative hip joint function, reduced pain,
enhanced gait stability, and lower risks of postoperative
complications.
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