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AIM: Proximal femoral nail antirotation (PFNA) fixation remains an effective surgical method in effectively managing intertrochanteric
fractures in elderly patients with osteoporosis. While postoperative anti-osteoporotic therapy is essential, only a part of the elderly patients
adhere to anti-osteoporosis treatment. Therefore, this study aims to investigate the therapeutic efficacy of combining alfacalcidol (an anti-
osteoporotic drug) with PFNA fixation, as well as their effects on serum bone metabolic markers and inflammatory indicators in elderly
patients with osteoporotic intertrochanteric fractures.
METHODS: This retrospective study recruited 140 elderly patients with osteoporosis intertrochanteric fractures who were treated at
Wenzhou Hospital of Integrated Traditional Chinese and Western Medicine, China, between January 2021 and January 2024. Patients
were divided into two groups based on their treatment approach: a surgical group (n = 63, who received PFNAwith routine postoperative
care) and a combined group (n = 77, who received PFNA combined with alfacalcidol). Postoperatively, these patients were followed up
for a six-month period. Fracture healing was comprehensively evaluated through functional assessment and X-ray imaging examination.
Harris hip scores and bone mineral density (BMD) were assessed before surgery, and then again one month and six months after surgery.
Furthermore, serum bonemetabolic markers and inflammatory cytokines were evaluated preoperatively and then six months after surgery.
RESULTS: The fracture healing time was significantly shorter in the combined group than in the surgical group (p< 0.001). Compared to
the surgical group, the Harris scores in the combined group were significantly higher at one and six months postoperatively (p< 0.001, p
= 0.003). Additionally, BMD in the combined group was significantly increased at six months postoperatively (p = 0.002). Serum levels
of interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ), β-Crosslaps (β-CTX), and parathyroid hormone (PTH)
were significantly lower in the combined group compared to the surgical group after surgery (p< 0.001), whereas 25-hydroxyvitamin D
(25-OHD) and procollagen type I C-terminal propeptide (PICP) levels were significantly higher (p< 0.001). In the surgical group, there
were 4 cases of screw migration, 2 cases of delayed healing, and 1 case of venous embedding in the lower limbs. There was 1 case of
infection, 2 cases of screw migration, 1 case of delayed healing, and 2 cases of venous embedding in lower limbs in the combined group.
The incidence of postoperative complications was comparable between the combined group (6/77, 7.79%) and the surgical group (7/63,
11.11%) (p = 0.501).
CONCLUSIONS: Alfacalcidol combined with PFNA provides superior therapeutic outcomes for elderly patients with osteoporotic in-
tertrochanteric fractures. This treatment approach effectively reduces postoperative fracture healing time, enhances BMD, and promotes
functional recovery of the hip joint. Additionally, it improves bone metabolism and alleviates inflammatory responses, thereby enhancing
overall clinical outcomes.
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Introduction
Intertrochanteric fractures are a prevalent type of hip frac-
ture among the elderly, with their incidence rate increasing
annually. These fractures account for approximately 30–

Submitted: 15 May 2025 Revised: 18 July 2025 Accepted: 29 July
2025 Published: 10 September 2025
Correspondence to: Wei Xu, Department of Orthopedics, TaizhouHospital
of Zhejiang Province Affiliated to Wenzhou Medical University, 317000
Taizhou, Zhejiang, China (e-mail: 13806563411@163.com).

40% of all hip fractures in older individuals [1,2]. They are
typically caused by low-energy trauma and are often associ-
ated with unstable, comminuted fracture patterns [3]. Due
to an age-related decrease in bone mineral density (BMD)
and bone strength, older individuals, particularly those with
osteoporosis, are highly vulnerable to fractures from even
minor external forces [4]. A study specifically underscored
a significant reduction in BMD among elderly Chinese pa-
tients with intertrochanteric fractures, with the decline be-
ing more pronounced in women [5].
Surgical intervention remains the primary treatment for in-
tertrochanteric fractures, as it promotes postoperative re-
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covery of joint function and improves the patient’s quality
of life [6]. Among surgical options, intramedullary fixation
is recognized as the preferred strategy, with the proximal
femoral nail antirotation (PFNA) being a widely used de-
vice. The PFNA system has an anti-rotation helical blade
that provides resistance to rotational deformities [7] and
has shown promising therapeutic outcomes in managing
intertrochanteric fractures [7,8]. However, while surgical
interventions effectively stabilize the fracture site, it does
not improve the underlying issue of osteoporosis. A study
conducted in China demonstrated that the early administra-
tion of anti-osteoporosis drugs reduced all-cause mortality
by 67% in elderly patients with intertrochanteric fractures
[9], highlighting the critical significance of initiating anti-
osteoporosis treatment following fracture surgery.
Despite the well-established link between osteoporosis and
fracture risk in the elderly, adherence to anti-osteoporosis
treatment remains considerably low. It has been observed
that only 40.3% of patients over 50 years who underwent
hip fracture surgery received anti-osteoporosis drugs, and
just 39.3% adhered to the treatment regimen one year after
the procedure [10]. Furthermore, there is a lack of compre-
hensive research exploring therapeutic efficacy and clini-
cal outcomes of postoperative anti-osteoporosis treatment,
specifically in older individuals with intertrochanteric frac-
tures.
Alfacalcidol, a vitamin D analog and calcium regulator,
plays a crucial role in calcium and phosphorus homeosta-
sis, thereby promoting bone formation and alleviating os-
teoporosis [11]. Previous research has reported that al-
facalcidol can significantly reduce the risk of fractures in
patients with osteoporosis [12]. Furthermore, alfacalcidol
has demonstrated promising outcomes in improving bone
health and is highly recommended in clinical practice for
managing osteoporosis [13]. Given these observations,
we speculate whether the combination of alfacalcidol and
PFNA can offer an effective therapeutic approach for el-
derly patients with osteoporotic intertrochanteric fractures.
Bone metabolism markers are key clinical indicators, re-
flecting the process of bone formation and resorption, and
they are closely correlated to both fracture healing and the
pathogenesis of osteoporosis [14,15]. Moreover, immune
cytokines play a regulatory role in bonemetabolism through
various feedback mechanisms and participate in the patho-
logical mechanisms of osteoporosis [16]. However, the im-
pact of alfacalcidol combined with PFNA fixation on clini-
cal efficacy, serum bone metabolites and inflammatory cy-
tokines in patients with intertrochanteric fractures remains
unclear.
Therefore, this study aims to explore the therapeutic effi-
cacy of alfacalcidol in combination with PFNA in elderly
patients with osteoporosis intertrochanteric fractures and to
evaluate its impact on serum bone metabolic markers and
inflammatory factors.

Materials and Methods
Recruitment of Study Participants

This retrospective study included 140 elderly patients with
osteoporotic intertrochanteric fractures who were treated
at the Wenzhou Hospital of Integrated Traditional Chinese
and Western Medicine, China, between January 2021 and
January 2024. The inclusion criteria for patients were as
follows: (1) age ≥60 years; (2) BMD test confirming os-
teoporosis (T-score <–2.5) [17]; (3) intertrochanteric frac-
ture diagnosis confirmed by imaging and clinical examina-
tion [18], caused by low-energy injuries and not involving
an open fracture; and (4) fresh, unilateral fracture. Fresh
fractures were defined as fractures that occurred within 3
weeks, without evidence of periosteal reaction or callus for-
mation [19].
The exclusion criteria included: (1) those not eligible for
surgery and received conservative or alternative treatments;
(2) use of anti-osteoporosis drugs within three months be-
fore treatment; (3) pathological fractures caused by bone
tumors or tuberculosis; (4) severe impairment of major or-
gan function (heart, liver, kidneys, lungs); (5) history of
mental disorders; (6) ovarian or thyroid diseases associ-
ated with secondary osteoporosis, including ovarian dys-
function, hyperthyroidism, and hypothyroidism; and (7) in-
complete clinical data.
Based on the treatment method, patients (n = 140) were di-
vided into two groups: the surgical group (n = 63), which
underwent PFNA with routine postoperative care, and the
combined group (n = 77), which received PFNA along with
alfacalcidol treatment. The study was approved by the
ethics committee of Wenzhou Hospital of Integrated Tra-
ditional Chinese and Western Medicine (No. 2024-K056)
and complied with the principles outlined in the Declara-
tion of Helsinki. All patients provided informed consent,
and patient confidentiality was maintained by anonymizing
personal information in all figures.

Surgical Protocol and Treatment
All patients received proximal femoral nail antirotation
(PFNA) under epidural anesthesia in the supine position.
The affected limb was fixed, and vital signs were con-
tinuously monitored throughout the procedure. To reduce
fractures, the affected limb was stabilized using a traction
frame. Once satisfactory alignment was confirmed, a 5–6
cm lateral incision was made on the lateral aspect of in-
tertrochanteric. Next, a drill was introduced at the apex of
the greater trochanter.
Furthermore, a PFNA nail was inserted into the femoral
stem under the guidance of a C-arm X-ray machine
(PLC7500, Perlove Medical, Nanjing, China). A spiral
blade was then guided into the femoral neck and its posi-
tion was confirmed through intraoperative imaging. Subse-
quently, 1–2 locking screws were placed in the distal end to
secure the PFNA nail. The incision was cleaned, a drainage
tube was placed, and the incision was sutured. Fig. 1 shows
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Fig. 1. Representative X-ray images of a patient with an intertrochanteric fracture. (A) The X-ray image before surgery. The red
arrow indicates a fracture site. (B) The X-ray image after surgery. R, right.

the preoperative and postoperative X-ray images of a pa-
tient with an intertrochanteric fracture.
None of the patients received anti-osteoporosis medication
before or during surgery. After surgery, both groups re-
ceived calcium supplementation, while the combined group
received additional alfacalcidol therapy. Patients in the sur-
gical group received calcium carbonate D3 (H10950029,
Wyeth Pharmaceuticals Co., Ltd., Suzhou, China) at a
dosage of 600 mg/day (one capsule daily for a duration of
6 months. Patients in the combined group received alfa-
calcidol (H200000065, Nantong Huashan Pharmaceutical,
Nantong, China) in addition to the same calcium carbonate
D3 (600 mg/day). Alfacalcidol was initiated on the second
day after surgery at a dosage of 0.5 µg/day, given orally as
two capsules once daily for six months.
Patients in both groups received routine postoperative care
and rehabilitation training. Specifically, postoperative
drainage was routinely performed. To prevent thrombo-
sis, patients received low molecular weight heparin sodium
(2500 IU/day; H20030429, Qilu Pharmaceutical, Jinan,
China) through subcutaneous injections for 7–10 days. For
infection control, cefazolin sodium (1.0 g; H20163258,
Shandong Runze Pharmaceutical Co., Ltd., Heze, China)
was administered intravenously 30 minutes before surgery,
followed by a dose of 1.0 g twice daily for three days
postoperatively. Additionally, rehabilitation care was ini-
tiated with in-bed hip extension and knee flexion exer-
cise on the first postoperative day. One week postoper-
atively, patients started bedside muscle contraction exer-
cises in the seated position. Non-weight-bearing functional

exercises with crutches were initiated at 3–4 weeks after
surgery. However, weight-bearing functional exercise was
performed based on the individual’s fracture recovery sta-
tus. After discharge, patients continued rehabilitation train-
ing and nutritional support as per physician recommenda-
tions. A flowchart of the treatment protocol is shown in
Fig. 2.

Follow-up
All patients were followed up for a period of six months af-
ter surgery. They were advised to attend an outpatient clinic
at least once per month to monitor fracture healing and re-
covery. During each follow-up, the physician assessed limb
function, recorded any complications, observation and final
confirmation of fracture healing time. Reported complica-
tions included incision infection, screw migration, delayed
healing, and venous embolism in the lower limbs.
The criteria for fracture healing were as follows [20,21]: (1)
presence of callus formation with blurred fracture line and
proper alignment at the fracture site; (2) ability to walk in-
dependently and remain upright for at least thirty minutes,
with no change observed at the fracture site over a two-
week period; and (3) absence of compression pain at the
fracture site along with good joint mobility. Functional re-
covery was initially determined clinically, and anX-ray was
conducted upon satisfactory functional recovery to confirm
bone healing. Additionally, BMD, Harris hip scores, serum
bone metabolites, and inflammatory factors were systemat-
ically assessed throughout the follow-up period.
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Fig. 2. A flowchart of the treatment protocol. PFNA, proximal femoral nail antirotation.

Assessment of Hip Joint Function Through the Harris
Score
Harris hip score is commonly used to evaluate hip joint
function [22,23], with its effectiveness and reliability well-
established in previous studies [24,25]. Harris scores of
patients were recorded before surgery, and at one and six
months after surgery. All assessments were performed by a
single foot and ankle surgeon with five years of clinical ex-
perience, based on a patient’s clinical presentation and func-
tional status. The Harris score was used to examine four
key domains, including pain, function, deformity, and joint
mobility, with a total score of 100 points. Higher scores
indicate better hip joint recovery and functional outcomes.

Evaluation of BMD
BMD of the femoral neck on the non-fractured side was
evaluated preoperatively, and at one and six months post-
operatively, using a dual-energy X-ray bone densitome-
ter (GE Lunar Prodigy Advance, GE Healthcare, Madison,
MI, USA). Before each measurement, the instrument was
calibrated, followed by a quality assurance check using a
dedicated vertebral body phantom. Scanned images were
analyzed with enCORE software (v.17.0, GE Healthcare,
Madison, MI, USA). All scans were performed and ana-
lyzed by the same team of trained technicians to ensure con-
sistency. Fig. 3 shows a dual-energy X-ray image used for
BMD assessment.

Serum Bone Metabolites and Inflammatory Cytokines
Fasting venous blood samples were collected from all pa-
tients before surgery and again six months after surgery

Fig. 3. A representative dual-energy X-ray image used for
bone mineral density assessment. The yellow lines indicate
the boundaries of the hip bones, while the blue lines represent
the regions of interest used for bone density analysis. All lines
were automatically generated by the enCORE software (v.17.0,
GE Healthcare, Madison, MI, USA).

to evaluate serum bone metabolites and inflammatory cy-
tokines. The levels of inflammatory factors, including
interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α),
and interferon-γ (IFN-γ), as well as bone metabolism
markers, such as 25-hydroxyvitamin D (25-OHD), β-
Crosslaps (β-CTX), procollagen type I C-terminal propep-
tide (PICP), and N-terminal/mid-region osteocalcin (N-
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MID), were quantified using enzyme-linked immunosor-
bent assay (ELISA) kits. The ELISA kits for IL-
6 (EK0410), TNF-α (EK0525), and IFN-γ (EK0373)
were obtained from BOSTER Biological Technology Co.,
Ltd. (Wuhan, China). However, kits for 25-OHD (RD-
RX10021), β-CTX (RD-RX10155), PICP (RD-RX10046),
and N-MID (RD-RX10181) were purchased from Beijing
Ruida Henghui Technology Development Co., Ltd. (Bei-
jing, China).
C-reactive protein (CRP) levels were measured using rate-
scattering turbidimetry following the manufacturer’s in-
structions for the reagent kit (SNM262, Baiolebo, Bei-
jing, China). Parathyroid hormone (PTH) levels were de-
termined using an automatic biochemical analyzer (Cobas
8000, Roche Diagnostics, Mannheim, Germany).

Statistical Analysis
Statistical analysis was performed using SPSS software
(version 20.0, IBM, Armonk, NY, USA). Normality of data
distribution was assessed using the Shapiro-Wilk method.
Normally distributed data were expressed as mean ± stan-
dard deviation (SD). Between-group comparisons were
conducted using the independent-sample t-test, and within-
group comparisons before and after the procedure were
performed using paired t-tests. Furthermore, within-group
comparisons across multiple time points, including pre-
operative, one-month, and six-month postoperative, were
performed using repeated measures analysis of variance
(ANOVA) followed by the Bonferroni test. Moreover, non-
normally distributed data were presented as the median (in-
terquartile range), and between-group comparisons were
performed using the Mann-Whitney U test. Categorical
data were presented as frequencies and percentages [n (%)],
and the chi-square test was used for comparison. When a
chi-square test of a 2 × 2 contingency table is performed,
and the sample size is small or the expected frequency is
between 1 and 5, Yates’ continuity correction can be ap-
plied to reduce errors; if the expected frequency in any cell
is<1, Fisher’s exact test should be used instead. A p-value
of <0.05 was considered statistically significant.

Results
Comparison of Baseline Data Between the Two Groups
The surgical group included 63 patients, comprising 33 fe-
males and 30 males, with a mean age of 73.22 ± 6.04
years. The combined group consisted of 77 patients, includ-
ing 43 females and 34 males, with a mean age of 74.04 ±
6.53 years. There were no significant differences between
the two groups in baseline characteristics, including age,
sex, body mass index (BMI), Evans classification, fracture
site, preoperative hospitalization time, smoking and drink-
ing history, or the presence of comorbidities such as hyper-
tension, coronary heart disease, and diabetes (all p > 0.05,
Table 1).

Comparison of Fracture Healing Time and Harris Scores
Between the Two Groups
The fracture healing time was significantly shorter in the
combined group compared to the surgical group (p <

0.001). In both groups, Harris scores improved after
surgery and continued to increase over time (p< 0.05). Re-
peated measurement ANOVA showed that the time factor,
treatment group, and their interaction had a significant ef-
fect on the Harris score (p < 0.001). Furthermore, the Har-
ris scores at onemonth and sixmonths postoperatively were
significantly higher in the combined group than in the sur-
gical group (p < 0.001, p = 0.003, Table 2).

Comparison of BMD Between the Combined and Surgical
Groups
In both groups, BMD increased slightly one month after
surgery compared to baseline; however, the difference was
statistically insignificant (p > 0.05). By 6 months postop-
eratively, a substantial increase in BMD was observed (p<
0.05). Repeated measurement ANOVA revealed that both
the time factor and the time-by-group interaction had sig-
nificant effects on BMD (p < 0.001, 0.002), whereas the
group factor alone demonstrated no significant effect (p =
0.082). Notably, BMD in the combined group was signif-
icantly higher than in the surgical group six months after
surgery (p = 0.002, Table 3).

Comparison of Serum Bone Metabolites and Inflammatory
Indicators Between the Two Groups
Before surgery, there were no significant differences be-
tween the two groups regarding serum bone metabolites
(25-OHD, β-CTX, PICP, N-MID, and PTH) and inflam-
matory markers (IL-6, TNF-α, IFN-γ, and CRP) (all p >

0.05). After surgery, levels of IL-6, TNF-α, IFN-γ, and
CRP significantly decreased in both groups (all p < 0.05).
Furthermore, the postoperative levels of IL-6, TNF-α, and
IFN-γ were considerably lower in the combined group com-
pared to the surgical group (all p < 0.001). However, there
was no significant difference in CRP levels between the two
groups after surgery (p = 0.093, Table 4).
Additionally, the postoperative levels of 25-OHD and PICP
increased significantly in both groups compared to preop-
erative levels (p < 0.05), while β-CTX, N-MID, and PTH
levels decreased (p< 0.05). Postoperatively, the combined
group showed substantially higher levels of 25-OHD and
PICP (p< 0.001), and considerably lower levels of β-CTX
and PTH (p < 0.001). No significant difference in N-MID
levels was observed between the two groups after surgery
(p = 0.201) (Table 4).

Comparison of Complications Between the Two Groups
In the surgical group, there were 4 cases of screwmigration,
2 cases of delayed healing, and 1 case of venous embolism
in the lower limbs. There was 1 case of infection, 2 cases
of screw migration, 1 case of delayed healing, and 2 cases
of venous embedding in the lower limbs in the combined
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Table 1. Comparison of baseline characteristics between the two groups.
General information Surgical group (n = 63) Combined group (n = 77) t/χ2/Z p-value

Age (years) 73.22 ± 6.04 74.04 ± 6.53 0.764 0.446
Sex, n (%) 0.167 0.682

Female 33 (52.38%) 43 (55.84%)
Male 30 (47.62%) 34 (44.16%)

Body mass index (kg/m2) 23.55 ± 3.07 24.16 ± 3.09 1.165 0.246
Evans classification#, n (%) 0.867 0.833

Type I 26 (41.27%) 32 (41.56%)
Type II 25 (39.68%) 26 (33.77%)
Type III 8 (12.70%) 12 (15.58%)
Type IV 4 (6.35%) 7 (9.09%)

Fracture site, n (%) 0.005 0.946
Left side 29 (46.03%) 35 (45.45%)
Right side 34 (53.97%) 42 (54.55%)

Preoperative hospitalization time (days) 3 (2, 4) 3 (2, 5) 1.470 0.141
Smoking history, n (%) 0.396 0.529

Yes 32 (50.79%) 35 (45.45%)
No 31 (49.21%) 42 (54.55%)

Drinking history, n (%) 0.471 0.493
Yes 29 (46.03%) 31 (40.26%)
No 34 (53.97%) 46 (59.74%)

Hypertension, n (%) 0.093 0.760
Yes 22 (34.92%) 25 (32.47%)
No 41 (65.08%) 52 (67.53%)

Coronary heart disease, n (%) 0.026 0.873
Yes 10 (15.87%) 13 (16.88%)
No 53 (84.13%) 64 (83.12%)

Diabetes, n (%) 0.111 0.739
Yes 12 (19.05%) 13 (16.88%)
No 51 (80.95%) 64 (83.12%)

#Evans classification: Type I: Undisplaced two-part fragment fracture; Type II: Displaced two-part fragment fracture,
large and small rotors are complete; Type III: Three-part fragment fracture without posterolateral support due to dislo-
cated greater trochanter fragment; Type IV: Three-part fragment fracture without dislocated lesser trochanter or femoral
arch fragment.

group. The overall complication rate was slightly lower in
the combined group (6/77, 7.79%) than in the surgical group
(7/63, 11.11%); however, the differencewas not statistically
significant (p = 0.501, Table 5).

Discussion
Intertrochanteric fractures are common conditions in the el-
derly, primarily involving the region of the femur between
the greater and lesser trochanters. The local symptoms in-
clude the pain and restricted movement of hip. The Clinical
manifestations are affected limb shortening and abduction
deformity [1–3]. Osteoporosis is a significant risk factor for
intertrochanteric fractures in the elderly [26]. Prompt surgi-
cal intervention is essential to realign the fracture site [27].
Surgical fixation methods include intramedullary nailing,
dynamic hip screw fixation, and artificial joint replacement.
Artificial hip replacement surgery is typically preferred for
patients with complex comminuted fractures, coexisting de-
generative arthritis, or failed internal fixation. However, it

is associated with unique complications, such as peripros-
thetic fractures, thromboembolism, prosthetic loosening or
wear, and joint dislocation [28]. A dynamic hip screw is
usually appropriate for stable fractures, but it is not rec-
ommended for patients with osteoporosis due to inadequate
fixation strength [29]. Intramedullary nailing can provide
sufficient biomechanical stability with minimal soft-tissue
destruction and has become the preferred clinical treatment
approach. Furthermore, this strategy facilitates early post-
operative rehabilitation, which is especially crucial in the
elderly to reduce the risks associated with prolonged bed
rest [30,31].

Our study confirmed that PFNA effectively enhances hip
joint function in elderly patients with intertrochanteric frac-
tures, as evidenced by a substantial increase in Harris
scores. During follow-up, some complications, including
incision infection, screw migration, and venous embolism
in the lower limbs, were observed and managed with ap-
propriate interventions. PFNA offers better anti-rotation
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Table 2. Comparison of fracture healing time and Harris scores between the two groups.

Group n
Fracture healing
time (weeks)

Harris score

Before surgery 1 month after surgery 6 months after surgery Time Group Time by group

Surgical group 63 18.83 ± 2.27 36.44 ± 5.11 60.06 ± 4.05∗ 82.73 ± 7.17∗#

F = 2577.633;
p < 0.001

F = 32.155;
p < 0.001

F = 12.560;
p < 0.001

Combined group 77 15.40 ± 2.56 35.88 ± 4.27 66.19 ± 5.21∗ 86.42 ± 7.00∗#

t 8.295 0.706 7.638 3.069
p-value <0.001 0.481 <0.001 0.003
∗p < 0.05 vs. before surgery, #p < 0.05 vs. 1 month after surgery.

Table 3. Comparison of bone mineral density between the two groups.

Group n
Bone mineral density (g/cm2)

Before surgery 1 month after surgery 6 months after surgery Time Group Time by group

Surgical group 63 0.56 ± 0.06 0.57 ± 0.05 0.59 ± 0.08∗

F = 24.009;
p < 0.001

F = 3.070;
p = 0.082

F = 6.320;
p = 0.002

Combined group 77 0.55 ± 0.07 0.57 ± 0.08 0.64 ± 0.10∗#

t 0.896 0.007 3.215
p-value 0.372 0.995 0.002
∗p < 0.05 vs. before surgery, #p < 0.05 vs. 1 month after surgery.

stability than traditional screw systems, especially suitable
for patients with osteoporosis [32,33]. A previous study
evaluating the impact of PFNA on patients with unsta-
ble intertrochanteric femoral fractures combined with se-
vere osteoporosis found progressive enhancement in Harris
scores over time after surgery, with satisfactory hip func-
tion achieved after 12 months of follow-up [33], which is
consistent with our findings.
While PFNA offers effective short-term fracture stabiliza-
tion in elderly patients with osteoporosis, it does not address
the underlying bone condition. Among these patients, re-
duced bone formation and poor microcirculation often re-
sult in delayed fracture healing and suboptimal outcomes
[34]. Thus, the administration of anti-osteoporosis drugs is
essential to achieve optimal therapeutic effects.
In our study, patients in the surgical group received calcium
carbonate D3 after surgery for calcium supplementation,
whereas those in the combined group received alfacalcidol
in addition to calcium carbonate D3. The results showed
that the fracture healing time was significantly shorter in
the combined group than in the surgical group, along with
significant improvement in the Harris score and BMD after
surgery. These findings indicate that the combination of al-
facalcidol and calcium carbonate D3 offers enhanced thera-
peutic effects for postoperative recovery in elderly patients
with intertrochanteric fractures, promoting fracture healing,
restoring hip joint function, and improving osteoporosis.
Alfacalcidol, an anti-osteoporosis drug, is rapidly metab-
olized into its active form 1,25-(OH)2-vitamin D3, which
enhances the absorption of calcium and phosphorus in the
intestine and renal tubules, raises serum calcium and phos-
phorus levels, and promotes bone formation [11]. Addi-
tionally, alfacalcidol reduces plasma parathyroid hormone
(PTH) levels and inhibits bone resorption, thereby improv-
ing osteoporosis [12].

Bone metabolism involves a dynamic equilibrium between
bone resorption, mediated by osteoclasts, and bone forma-
tion by osteoblasts [35]. Osteoporosis results when this bal-
ance is disrupted, exceeding bone resorption over bone for-
mation [36]. β-CTX is derived from the degradation of type
I collagen and serves as a marker of osteoclast activity and
bone resorption. PTH, the primary regulator of calcium and
phosphorus homeostasis, stimulates the formation and ac-
tivation of osteoclasts [37]. PICP reflects the synthesis of
type I collagen and is an essential indicator of bone forma-
tion. Similarly, N-MID, secreted by osteoblasts, reflects
bone formation as well as the activity and status of newly
formed osteoblasts [38].
In our study, postoperative serum levels of 25-OHD and
PICPwere significantly increased in both groups, while lev-
els of β-CTX, PTH, and N-MID demonstrated a substantial
decrease, indicating improved bone metabolism following
PFNA surgery. Additionally, the combined group showed
significantly higher postoperative levels of 25-OHD and
PICP, along with lower levels of β-CTX and PTH com-
pared to the surgical group, suggesting that alfacalcidol im-
proves bone metabolism in elderly patients with osteoporo-
sis intertrochanteric fractures after PFNA surgery. These
findings were consistent with previous studies reporting
that alfacalcidol elevates serum calcium (Ca), phosphorus
(P), and insulin-like growth factor 1 (IGF-1) levels while re-
ducing PINP and β-CTX in patients with osteoporosis [39].
The balance between osteoblast and osteoclast activity is
also regulated by immune system cytokines. Immune cells
and their secreted cytokines, which play a crucial role in im-
mune regulation, influence bonemetabolism through recep-
tor activator of nuclear factor-kappa B ligand (RANKL)-
dependent or -independent pathways [40]. He et al. [41] re-
ported that lymphocyte count and CRP levels could predict
three-year postoperative mortality in elderly patients with
intertrochanteric fractures, with an area under the receiver
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Table 4. Comparison of serum bone metabolites and inflammatory factors between the two groups.
Indicator Time Surgical group (n = 63) Combined group (n = 77) t p-value

IL-6 (pg/mL)
Before surgery 118.78 ± 20.75 125.34 ± 22.14 1.794 0.075
After surgery 83.65 ± 17.22∗ 66.94 ± 17.71∗ 5.623 <0.001

TNF-α (pg/mL)
Before surgery 70.12 ± 10.25 73.43 ± 11.11 1.815 0.072
After surgery 45.58 ± 9.52∗ 34.95 ± 8.82∗ 6.845 <0.001

IFN-γ (pg/mL)
Before surgery 93.75 ± 8.99 94.12 ± 10.02 0.228 0.820
After surgery 50.34 ± 6.88∗ 30.46 ± 4.42∗ 20.679 <0.001

CRP (mg/L)
Before surgery 49.59 ± 7.11 50.86 ± 8.59 0.939 0.349
After surgery 3.45 ± 0.86∗ 3.22 ± 0.75∗ 1.690 0.093

25-OHD (ng/mL)
Before surgery 12.77 ± 3.58 11.95 ± 4.05 1.255 0.212
After surgery 15.58 ± 3.11∗ 18.78 ± 3.64∗ 5.521 <0.001

β-CTX (pg/mL)
Before surgery 584.34 ± 33.77 594.25 ± 30.12 1.834 0.069
After surgery 448.31 ± 30.49∗ 374.69 ± 37.59∗ 12.532 <0.001

PICP (ng/mL)
Before surgery 89.13 ± 10.91 88.99 ± 10.00 0.079 0.937
After surgery 106.32 ± 18.78∗ 145.21 ± 16.65∗ 12.978 <0.001

N-MID (pg/mL)
Before surgery 24.56 ± 3.86 24.18 ± 3.02 0.653 0.515
After surgery 21.01 ± 3.15∗ 20.33 ± 3.09∗ 1.284 0.201

PTH (pg/mL)
Before surgery 37.58 ± 7.52 36.96 ± 8.65 0.447 0.655
After surgery 33.95 ± 7.11∗ 28.76 ± 6.58∗ 4.477 <0.001

∗p < 0.05 vs. before surgery. IL-6, interleukin-6; TNF-α, tumor necrosis factor-α; IFN-γ, interferon-γ; CRP, C-
reactive protein; 25-OHD, 25-hydroxyvitamin D; β-CTX, β-Crosslaps; PICP, procollagen type I C-terminal propep-
tide; N-MID, N-terminal/mid-region osteocalcin; PTH, parathyroid hormone.

Table 5. Comparison of postoperative complications between the two groups.
Complications (n, %) Surgical group (n = 63) Combined group (n = 77) χ2 p-value

Infection& 0 (0) 1 (1.30%) / >0.999
Screw migration& 4 (6.35%) 2 (2.60%) 0.450 0.502
Delayed healing& 2 (3.17%) 1 (1.30%) 0.031 0.860
Venous embolism in lower limbs& 1 (1.59%) 2 (2.60%) 0.031 0.860
Total 7 (11.11%) 6 (7.79%) 0.453 0.501
&chi-square test with Yates’ continuity correction.

operating characteristic curve of 0.686. Similarly, Fisher
et al. [42] analyzed inflammatory markers in patients with
osteoporotic hip fractures and found that postoperativemor-
tality was associated with inflammatory indicators such as
the platelet-to-lymphocyte ratio, lymphocyte-to-monocyte
ratio, albumin, red cell distribution width, and anemia. Sur-
gical trauma inevitably induces an inflammatory response,
resulting in increased levels of inflammation markers. Our
study confirmed that alfacalcidol significantly alleviated
the postoperative inflammatory response in patients with in-
tertrochanteric fractures undergoing PFNA fixation, as ev-
idenced by reduced serum IL-6, TNF-α, and IFN-γ levels.
However, CRP levels were also reduced in the alfacalcidol
group 6 months after the difference was not statistically sig-
nificant. These observations suggest that alfacalcidol may
help reduce postoperative inflammation levels in older pa-
tients with osteoporotic intertrochanteric fractures.
We acknowledge some limitations in our study. As a ret-
rospective study, all data were obtained from patient medi-
cal records, which may introduce selection bias and restrict
the strength of causal inferences. Therefore, postoperative
studies are necessary to validate these findings. Addition-

ally, the short follow-up period did not allow the assessment
of long-term outcomes, such as the risk of re-fracture and
changes in quality of life. Future investigations with long-
term follow-up are needed to evaluate the correlation be-
tween postoperative outcomes and treatment methods. Fur-
thermore, since this study focused on intertrochanteric frac-
tures, it remains unclear whether the observed benefits of
the treatment method are applicable to other types of frac-
tures. Similarly, this study did not assess the systemic ef-
fects of treatment on BMD at other skeletal sites, includ-
ing the lumbar vertebra, wrist, or foot, which should be in-
vestigated in future studies. Given the high risk of frac-
tures in elderly patients with osteoporosis, our study sug-
gests that combining surgical intervention with postopera-
tive anti-osteoporosis therapy may offer considerable ther-
apeutic benefits. This study provides a reference for clin-
icians in optimizing treatment approaches for elderly frac-
ture patients with osteoporotic fractures.

Conclusions
Combining alfacalcidol with PFNA demonstrates signifi-
cant therapeutic effects in elderly patients with osteoporotic
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intertrochanteric fractures. This combination approach ef-
fectively reduces postoperative fracture healing time, en-
hances BMD, and promotes functional recovery of the hip
joint. Furthermore, it improves bone metabolism and alle-
viates inflammatory responses, thereby contributing to im-
proved overall clinical outcomes. This is the first study to
evaluate the clinical efficacy of combining alfacalcidol with
PFNA in the treatment of elderly patients with osteoporo-
sis intertrochanteric fractures. Additionally, this study pro-
vides a reference to elucidating the role of inflammation and
bone metabolism in fracture healing by monitoring changes
in serum inflammatory markers and bone metabolism indi-
cators. These findings provide a basis for optimizing treat-
ment approaches for intertrochanteric fractures of osteo-
porosis.
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