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Abstract: Objective: To examine the association of proximal femoral nail anti-rotation (PFNA) and dynamic hip screw
(DHS) with bone mineral density T-value (BMDT) in middle-aged and elderly patients suffering from hip fractures.
Methods: Clinical data were collected from 110 patients with hip fractures who underwent internal fixation surgery
between October 2020 and June 2021. Patients treated with DHS were included in the control group, and those
treated with PFNA were classified into the observation group. The disparity in BMDT between the two groups was
assessed. Patients were further divided into two groups based on the median BMDT at 6 months post-surgery: a
high BMDT group (BMDT>-1.1 SD) and a low BMDT group (BMDT<-1.1 SD). Factors influencing BMDT were analyzed.
Results: Repeated measures ANOVA showed that BMDT in the observation group was higher than that in the control
group at 7 days, 1 month, 3 months, and 6 months after the surgery (between-group effect: F=258.400, P<0.001).
BMDT in both groups increased with time but remained lower than pre-surgery levels (time effect: F=28.760,
P<0.001), with an interaction between group and time (F=6.478, P<0.05). Correlation analysis showed a signifi-
cant correlation between internal fixation techniques and BMDT at 7 days, 1 month, 3 months, 6 months after the
surgery (P<0.05). Logistic regression analysis showed that advanced age and a higher VAS score at 72 hours post-
surgery were risk factors for low BMDT at 6 months post-surgery, while PFNA was a protective factor (all P<0.05).
Conclusion: Compared to DHS, PFNA significantly improves BMDT in middle-aged and elderly patients following hip
fracture surgery, promoting better early-stage recovery. PFNA should be prioritized in clinical practice to enhance
postoperative outcomes.
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bilize the fracture ends and maintain anatomi-
cal alignment [3]. However, in middle-aged and
elderly patients, the natural decline in BMD

Introduction

Bone mineral density (BMD), commonly ex-

pressed as a bone mineral density T-value
(BMDT), is a key indicator of bone strength [1].
With increasing age, bone mass decreases,
leading to decreased BMD and increased bone
fragility, which heightens the risk of fractures,
particularly brittle fractures. Hip fracture is the
most serious type of brittle fracture, mostly
occurring in middle-aged and elderly popula-
tions, with high disability and mortality rates
[2]. Internal fixation is a surgical method widely
used for treating fractures in clinical practice,
which involves using external materials to sta-

after fracture increases the risk of recurrent
fractures after surgery [4].

Several internal fixation methods are currently
available for fractures. According to related
research, different internal fixation methods
result in various postoperative rehabilitation
effect [5]. In recent years, many studies have
compared the efficacies of dynamic hip screws
(DHS) and proximal femoral nail anti-rotation
(PFNA) intramedullary nails for the treatment of
hip fractures. Most of these studies have con-
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the research subjects

We selected patients with hip fractures who underwent
internal fixation surgery from October 2020 to June 2021 as

Inclusion:
(1) Hip fracture was diagnosed via clinical examination
and auxiliary examination;

Initially, 134 cases were included

(2) Agez45 years;
(3) The internal fixation for fracture was DHS or PFNA,;
(4) Complete clinical data required for the study.

Exclusion:
(1) Combined with major systemic diseases (n=1);

Finally, 110 cases were included

l

(2) Combined with severe osteoporosis (n=8);

(3) Combined with multiple fractures of the whole body
except the hip (n=1);

(4) Open fracture (n=5);

(5) Combined with iliness affecting bone metabolism (n=5);
(6) Complicated with hematological diseases or coagulation
dysfunction (n=1);

(7) Long-term bedridden or limb dysfunction (n=3).

Include patients who underwent
DHS surgery in the control group
(n=52) (n=58)

Include patients who underwent
PFNA surgery in the control group

Figure 1. Flowchart of patient screening.
DHS: dynamic hip screw; PFNA: proximal
femoral nail anti-rotation.

firmed the effectiveness of PFNA. However,
there remains a paucity of research regarding
the impact of these treatment modalities on
bone density in elderly patients with hip frac-
tures, thereby limiting their applicability in clini-
cal settings [6-8]. Therefore, this study aims to
investigate the correlation between changes
in BMDT and internal fixation methods in mid-
dle-aged and elderly patients with hip frac-
tures, providing valuable insights for clinical
decision-making.

Methods
Study design and patients

Clinical data from 110 patients with hip frac-
tures who underwent internal fixation at the
First Affiliated Hospital of lJinzhou Medical
University between October 2020 and June
2021 were retrospectively analyzed. Surgical
records and patient data were reviewed, and
patients were categorized based on the spe-
cific internal fixation methods for fractures.
Patients who underwent DHS surgery were
included in the control group (n=52), while
those who underwent PFNA surgery were
assigned into the observation group (n=58).
The filtering process is shown in Figure 1. This
study was approved by the Ethics Committee
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of the First Affiliated Hospital of Jinzhou Medical
University.

Inclusion criteria: (1) a diagnosis of hip fracture
confirmed by clinical examination and auxiliary
examination; (2) age 245 years; (3) treatment
with either DHS or PFNA for internal fixation; (4)
availability of complete clinical data required
for the study. Exclusion criteria: (1) presence of
major systemic diseases; (2) severe osteoporo-
sis; (3) multiple fractures outside the hip; (4)
open fracture; (5) iliness affecting bone metab-
olisms, such as rheumatoid arthritis, thyroid
disease, or infection; (6) hematological diseas-
es or coagulation dysfunction; (7) long-term
bedridden or limb dysfunction.

Surgical methods

Both groups were administered general or epi-
dural block anesthesia. After successful anes-
thesia, patients were placed on an orthopedic
traction bed. The healthy side of the lower limbs
was fixed, while a pad was placed under the
affected buttock to elevate it. The affected
lower limb was positioned in a traction frame.
The neutral position traction, internal rotation,
and adduction recovery techniques were per-
formed. Under C-arm fluoroscopy, the frac-
ture was fixed once satisfactory reduction was
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achieved. If closed reduction was unsatisfacto-
ry, an open reduction was performed.

In the control group (DHS), an approximately
12-18 cm long incision was made from the
greater trochanter apex of the femur. The great-
er trochanter and upper part of the femur were
fully exposed. After satisfactory fracture reduc-
tion under direct vision, a neck-shaft angle
guide was used for positioning. A guide pin was
drilled into the middle and lower 1/3 of the fem-
oral neck. After confirmation of the position of
the guide pin and length of the screw with the
assistance of C-arm machine (PLX118C, Puai
Medical Equipment Co., Ltd., China), the hole
was enlarged. Then, DHS screws of appropriate
length were inserted and secured with a sleeve
plate. In the observation group (PFNA), a 3-cm
incision was made 2 cm above the femoral tro-
chanter. The insertion point was located at the
apex of the femoral trochanter or slightly later-
ally. A guide pin was inserted into the medullary
cavity, and once its position was confirmed
under C-arm fluoroscopy, reaming was per-
formed. An anti-rotation intramedullary nail
was inserted in the main canal. Under visual
guidance, a protective sleeve and a special
guide pin were inserted. Using C-arm fluoros-
copy, an appropriate spiral blade was select-
ed, locked, and the distal locking screw was
screwed in. Finally, the internal fracture fixation
were completed in both groups, and the inci-
sion was irrigated and closed layer by layer.
Routine postoperative nursing and rehabilita-
tion training were provided to both groups.

Data collection

Clinical data were collected from the hospital’s
electronic information system. General infor-
mation included age, gender, body mass index
(BMI), underlying diseases, fracture type, and
the injured side. Perioperative and follow-up
data included the visual analogue scale (VAS)
score at 72 h post-surgery, postoperative drain-
age volume, time to non-weight-bearing ambu-
lation, hospital stay duration, fracture healing
time, complications, and hip bone BMDT.

Fracture healing criteria [9]: Patients under-
went routine postoperative outpatient review
once a month. Successful healing was indicat-
ed by the absence of significant discomfort or
tenderness in the hip during full weight-bearing
activity. Radiographs showing obvious trabecu-
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lar bone growth at the fracture end and a
blurred fracture line were also considered in-
dicative of healing.

Hip BMD was measured using a bone densi-
tometer (Lunar Prodigy, General Electric Com-
pany, USA). The contralateral hip bone was
chosen as the measurement site. The patients
were positioned supine during the measure-
ment with the affected site in its natural posi-
tion and the healthy side internally rotated 15°.
The normal reference range for BMDT was -1
SD to 1 SD. A BMDT of -1 SD to -2.5 SD indicat-
ed a decrease in bone mass. BMDT<-2.5 SD
was diagnosed as osteoporosis [10].

Outcome measures and statistical analysis

The primary outcome measures included com-
paring the differences and trends in BMDT
before and after surgery within both groups at
7 days, 1 month, 3 months, and 6 months.
Additionally, the correlation between postoper-
ative BMDT and the two fracture internal fixa-
tion procedures was analyzed. The secondary
outcome measures encompassed comparing
clinical data between the two groups and iden-
tifying the factors influencing postoperative
BMDT at 6 months.

SPSS version 26.0 (IBM, USA) was used for
data processing. Measurement data with a nor-
mal distribution were presented as mean +
standard deviation (X + sd). Paired sample
t-tests and independent sample t-tests were
performed for within-group and between-group
comparisons, respectively. Enumeration data
were expressed as n (%). Chi-squared tests
were used for between-group comparisons. A
repeated measures ANOVA was employed to
compare the BMDT of the two groups at various
postoperative time points. Spearman’s correla-
tion coefficient was utilized for correlation anal-
ysis, and a binary Logistic regression model
was applied to identify the influencing factors.
A P value of less than 0.05 was considered sta-
tistically significant.

Results
General data
A total of 110 patients were included in this

study, with 52 in the control group and 58 in
the observation group. No significant differenc-
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Table 1. Comparison of general data between the two groups

General data Control group (n=52) Observation group (n=58) t/x2 P
Age (years, X +sd) 66.25+5.70 67.19+6.32 0.815 0.417
Sex (n (%)) 0.116 0.733
Male 27 (51.92) 32 (55.17)
Female 25 (48.08) 26 (44.83)
BMI (kg/m2, X +sd) 21.49+2.36 21.61+2.48 0.255 0.799
Fracture type (n (%)) 1.122 0.571
Intertrochanteric fracture 25 (48.08) 29 (50.00)
Femoral subtrochanteric fracture 16 (30.77) 21 (36.21)
Femoral neck fracture 11 (21.15) 8(13.79)
Injured side (n (%)) 0.091 0.763
Left 29 (55.77) 34 (58.62)
Right 23 (44.23) 24 (41.38)
Combined underlying diseases (n (%)) 1.214 0.545
Hypertension 31 (59.62) 27 (46.55)
Diabetes 18 (34.62) 23 (39.66)
CHD 14 (26.92) 11 (18.97)

BMI: body mass index; CHD: coronary heart disease.

Table 2. Comparison of surgical-related indexes between the two groups

Control group Observation

Index (n=52) goup (n=58) /X’ P

VAS score at 72 h after the surgery (score, X +sd) 3.69+1.02 3.83+0.88 0.764  0.457
Postoperative drainage volume (mL, X +sd) 71.37+4.62 73.47+6.39 0.069 0.053
Time to non-weight-bearing ambulation (day, X +sd) 15.23+4.49 14.79+4.25 0.525 0.601
Hospitalization time (day, X +sd) 17.67+3.15 16.76+£2.56 1.675 0.097
Fracture healing time (week, X £sd) 14.21+2.10 14.6942.05 1.206 0.230
Postoperative morbidity (n (%)) 3(5.76) 7 (12.07) 0.665 0.415

VAS: visual analog scale.

es were observed in the general data between
the groups (all P>0.05) (Table 1).

Perioperative-related data

No significant differences were observed bet-
ween the groups in the VAS score at 72 h post-
surgery, postoperative drainage volume, time
to non-weight-bearing ambulation, hospitaliza-
tion duration, fracture healing time, and post-
operative complication rate (all P>0.05) (Table
2).

BMDT at different time points

No statistical difference was observed in BMDT
between both groups before surgery. BMDT val-
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ues in the observation group were significantly
higher than those in the control group at 7
days, 1 month, 3 months, and 6 months after
the surgery (between-group effect: F=258.400,
P<0.001). BMDT in both groups increased with
time but were lower than those at admission
(time effect: F=28.760, P<0.001). Additionally,
a significant interaction was observed between
group and time (F=6.478, P<0.05) (Figure 2).

Correlation between internal fixation tech-
niques and BMDT

There was a correlation between the type of
internal fixation techniques and BMDT at 7
days, 1 month, 3 months, and 6 months after
the surgery (P<0.05) (Table 3). The relationship
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Figure 2. Comparison of bone mineral density T values between the two groups at different time points. Compared

with control group, "P<0.05.

Table 3. Correlation between internal fixation
techniques and BMDT

Internal fixation tech-
niques for fractures

r P
7 days after the surgery 0.504 0.001
1 month after the surgery 0.492 0.002
3 months after the surgery 0.383 0.003
6 months after the surgery 0.533 <0.001
BMDT: bone mineral density T-value.

between BMDT at different postoperative time
points and the two types of internal fixations is
shown in Figure 3.

Differences in clinical data based on different
BMDT

Patients were divided into two groups based on
the median BMDT at 6 months post-surgery: a
high BMDT group (BMDT>-1.1 SD) and a low
BMDT group (BMDT<-1.1 SD). There were sig-
nificant differences in age, VAS score at 72
hours post-surgery, and internal fixation tech-
niques between the two groups (all P<0.05)
(Table 4).

Analysis of factors affecting BMDT
In the logistic regression analysis, low BMDT at

6 months post-surgery was the dependent vari-
able, while the independent variables included
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age, VAS score at 72 hours post-surgery, and
the type of internal fixation techniques. The
results of Logistic regression showed that
advanced age and a higher VAS score at 72
hours post-surgery were risk factors for low
BMDT at 6 months post-surgery, while PFNA
was a protective factor (all P<0.05) (Table 5).

Discussion

The incidence of hip fragility fractures is pro-
gressively increasing each year as the aging
population grows, rendering them one of the
most severe types of fractures [11]. The re-
ported one-year mortality rate following hip
fracture ranges from 22% to 29% [12]. Early
surgical intervention may mitigate the occur-
rence of complications. Middle-aged and elder-
ly patients with hip fractures often experience
decreased bone mass, which hinders postop-
erative fracture healing [13]. For these patients,
appropriate internal fixation should be tailored
based on individual characteristics. Therefore,
it is imperative to analyze BMD changes after
internal fixation with different techniques and
promptly intervene to enhance post-surgery
quality of life.

Currently, the internal fixation methods utilized
in clinical settings can be classified as extra-
medullary or intramedullary fixations. Dynamic
hip screw (DHS) represents a prevalent extra-
medullary fixation technique, primarily employ-
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Figure 3. The relationship between BMDT and internal fixation techniques for fractures. A: BMDT at day 7 post-
surgery; B: BMDT at post-surgery 1 month; C: BMDT at post-surgery 3 months; D: BMDT at post-surgery 6 months.

BMDT: bone mineral density T-value.

ing the DHS device to stabilize the proximal end
of the fracture through dynamic screw insertion
into the femoral neck. The distal end of the
fracture is stabilized with a plate, secured by
compressing the neck shaft angle and applying
a tension band [14, 15]. Sliding compression
can enhance dynamic stabilization of the frac-
ture ends, facilitating rapid callus formation
and expediting fracture healing [16]. Proximal
femoral nail anti-rotation (PFNA) is a novel gen-
eration of intramedullary fixation systems that
predominantly employs a minimally invasive
approach with small incisions for implanting
the main nail, subsequently securing it with a
spiral blade at its distal end. Postoperatively,
the upper femur and femoral neck integrate,
and distal locking prevents rotation and short-
ening, ensuring stable fixation and promoting
fracture healing [17, 18].

In the current investigation, no statistical differ-
ence was observed between DHS and PFNA in
terms of VAS score, postoperative drainage vol-
ume, time to non-weight-bearing activity, hospi-
talization time, fracture healing time, and post-
operative complication rate. This contrasts with
the findings of Zeng et al. [19], which may be
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attributed to variations in inclusion and exclu-
sion criteria as well as fracture types. Zhu et al.
conducted an analysis on 92 cases of inter-
trochanteric fractures in elderly patients and
determined that PFNA and DHS exhibited simi-
lar therapeutic effects. However, PFNA demon-
strated a shorter operation time, reduced in-
traoperative blood loss, fewer postoperative
complications, and faster patient recovery.
A meta-analysis [20] evaluating surgical and
postoperative outcomes for middle-aged and
elderly patients concluded that PFNA required
less operative time and resulted in lower peri-
operative bleeding compared to DHS, although
DHS had the advantage of shorter intraopera-
tive fluoroscopy time. No significant difference
was noted in the incidence of postoperative
nephropathy. Furthermore, this study results
revealed higher BMDT at the hip fracture site in
the observation group compared to those in the
control group at 7 days, 1 month, 3 months,
and 6 months after surgery. These findings sug-
gest that PFNA can effectively improve the
BMD at the fracture site. Several factors may
account for these observations: (1) While DHS
yields favorable clinical outcomes, it does not
effectively prevent rotational displacement of
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Table 4. Comparison of clinical data between low and high BMDT groups

Low BMDT High BMDT

Data group (n=74) group (n=36) 28 P
Age (years, X+sd) 68.58+5.65 62.97+4.99 5.073 <0.001
Sex (n (%)) 0.016 0.900
Male 40 (54.05) 19 (52.78)
Female 34 (45.95) 17 (47.22)
BMI (kg/m?2, X +sd) 21.46+2.15 21.74+2.91 0.510 0.612
Fracture type (n (%)) 2.129 0.345
Intertrochanteric fracture 33 (44.59) 21 (58.33)
Femoral subtrochanteric fracture 28 (37.84) 9 (25.00)
Femoral neck fracture 13 (17.57) 6 (16.67)
Injured side (n (%)) 0.064 0.800
Left 43 (58.11) 20 (55.56)
Right 31 (41.89) 16 (44.44)
Combined underlying diseases (n (%))
Hypertension 40 (54.05) 18 (50.00) 0.160 0.689
Diabetes 30 (40.54) 11 (30.56) 1.033 0.310
CHD 18 (24.32) 7 (19.44) 0.328 0.567
VAS score at 72 hours post-surgery (score, X +sd) 3.89+0.92 3.50+0.97 2.066 0.041
Postoperative drainage volume (mL, X +sd) 72.99+5.51 71.42+6.01 1.361 0.176
Time to non-weight-bearing ambulation (day, X +sd) 15.07+4.38 14.86+4.34 0.233 0.817
Hospitalization time (day, X +sd) 17.50£2.70 16.56+3.17 1.625 0.107
Fracture healing time (week, X +sd) 14.34+2.02 14.7242.20 0.909 0.365
Postoperative morbidity (n (%)) 8(10.81) 2 (5.56) 0.298 0.368
Internal fixation techniques (n (%)) 10.650 0.001
DHS 43 (58.11) 9 (25.00)
PFNA 31 (41.89) 27 (75.00)

BMI: body mass index; CHD: coronary heart disease; VAS: visual analog scale; DHS: dynamic hip screw; PFNA: proximal femo-

ral nail anti-rotation; BMDT: bone mineral density T-value.

Table 5. Analysis of factors affecting low BMDT

Variable B SE Wald P OR 95% ClI

Age 0.225 0.052 18.892 <0.001 1.253 1.132-1.387
VAS score at 72 hours post-surgery 0.595 0.295 4.062 0.044 1.814 1.016-3.235
PFNA -2.278 0.601 14.376  <0.001 0.103 0.032-0.333

VAS: visual analog scale; PFNA: proximal femoral nail anti-rotation; BMDT: bone mineral density T-value.

fractures. PFNA employs spiral blade-locking
technology which aligns more closely with prox-
imal femur anatomy, resulting in effective anti-
rotational properties, maintaining stable frac-
ture ends, and facilitating repair and healing
of the fractured region [21-23]. (2) The DHS
employs traditional drilling and reaming tech-
niques for the implantation of fixation devices,
which inevitably leads to the loss of bone tissue
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within the drill hole. In contrast, the spiral blade
of the PFNA directly penetrates the bone, exert-
ing compressive forces that facilitate the for-
mation of a quadrangular intramedullary canal,
thereby exhibiting enhanced resistance to cut-
ting [24-26]. (3) The longer fixation arm and
thicker main nail of DHS increase bending
moment, which can impact blood supply. In
contrast, PFNA has a shorter arm, causing less
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Internal fixation methods for hip fractures

surgical trauma and minimizing damage to the
local blood supply [27-29]. (4) PFNA’'s hollow
design and 5° external deflection angle at the
proximal end allow for precise positioning and
closed reduction, which reduces trauma to the
affected area [30, 31]. However, PFNA has cer-
tain limitations. For example, the main nail is
cylindrical with a large proximal diameter, which
may increase the extent of fracture damage
[32, 33]. The presence of a proximal spiral
blade adds surgical complexity, and repeated
strikes could result in femoral head and neck
fractures as well as inadequate anchoring for-
ce [34, 35]. Attention should be given to the
depth of the main nail implantation, position
of the proximal spiral blade, and selection of
implanted fixation in the PFNA. Strict adher-
ence to operational norms was maintained to
ensure treatment safety.

Correlation analysis revealed a significant as-
sociation between internal fixation techniques
and BMDT at 7 days, 1 month, 3 months, and 6
months post-surgery. Logistic regression analy-
sis indicated that advanced age and a higher
VAS score at 72 hours post-surgery were risk
factors for low BMDT at 6 months after the sur-
gery, while PFNA was found to be a protective
factor. Based on these findings, it is recom-
mended to prioritize internal fixation techni-
ques such as proximal femoral anti-rotation
intramedullary nails whenever feasible. Prior to
surgery, a comprehensive assessment of the
patient’s fracture classification, physical condi-
tion, and surgical tolerance should be conduct-
ed to ensure the selection of a scientifically
sound and rational surgical approach. Close
monitoring of the patient’s postoperative pain
within 72 hours is essential, with proactive pain
management strategies including pain pumps
or oral/injectable analgesics. Additionally, an
individualized rehabilitation plan tailored to the
patient’s age, fracture type, surgical technique
employed, and postoperative recovery prog-
ress should be formulated. Adjustments in re-
habilitation intensity and pace are warranted
for elderly patients or those with heightened
pain sensitivity.

The study’s limitations, such as the small sam-
ple size and retrospective nature, may have
affected the generalizability of the findings.
Furthermore, the absence of further sub-con-
trol analysis for fracture types could have intro-
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duced bias into the results. It is essential to
recognize that these constraints may have
influenced the overall conclusions drawn from
this research. Larger sample sizes and multi-
center studies are necessary to validate our
findings.

Conclusions

Compared to DHS, PFNA significantly enhanc-
es BMDT in middle-aged and elderly patients
recovering from hip fracture surgery in the early
stages. This improvement facilitates postoper-
ative recovery and should be prioritized in clini-
cal practice.
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