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Abstract: Aims: To analyze the postoperative recovery effects of different internal fixations on intertrochanteric
fractures, so as to select the best fixation method for clinical practice. Methods: This is a retrospective analysis.
A total of 100 patients with intertrochanteric fractures hospitalized at The Affiliated Tai’an City Central Hospital of
Qingdao University from March 2022 to March 2024 were grouped according to the treatment method. 43 patients
received intramedullary fixation in an observation group and 57 patients underwent extramedullary fixation in a
control group. We collected data including operation time, total length of the surgical incision, hospitalization time,
postoperative reexamination rate, occurrence of reduction loss, coxa vara, infection, non-union of fractures, and
postoperative imaging of the patients. Results: The total response rate of the observation group was 88.37%, which
was statistically higher than that of the control group (85.96%, P < 0.05). The mean Harris hip joint score at six
months after intervention was 88.315.3 in the observation group, significantly higher than 62.3+4.2 in the control
group (P = 0.006). In terms of inflammatory reaction, the observation group showed significantly decreased serum
concentrations of high-sensitive C-reactive protein and procalcitonin at one week after surgery compared to the
control group (P < 0.001). After intervention, the observation group demonstrated significantly higher balance ability
than the control group (P < 0.05). Conclusion: Intramedullary fixation for intertrochanteric fractures can significantly
promote the postoperative functional recovery and fracture healing of patients, presenting a better fixation effect.
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Introduction risks such as femoral cortex perforation during
insertion. Complications related to the implant,
including breakage or loosening, may also oc-
cur. In contrast, extramedullary fixation is sim-
pler to perform and easier to apply, making it
suitable for specific fracture scenarios [7].
However, its stability is generally lower com-
pared to intramedullary fixation, and it may not
support early full weight-bearing as effectively
[8]. There is also a higher risk of fixation failure
or displacement. Additionally, extramedullary
fixation typically requires a larger incision, lead-
ing to more extensive soft tissue dissection,
which could worsen soft tissue recovery [9].

An intertrochanteric fracture is a break that
occurs in the region between the greater and
lesser trochanters of the femur. This type of
fracture is particularly common in the elderly
population [1]. Currently, intertrochanteric frac-
tures make up approximately 3.13% of all frac-
tures in adults and account for 50% of proximal
femoral fractures [2]. The primary treatment
method is surgical fixation, with various devices
such as intramedullary nails or extramedullary
plates being used depending on the specific
case [3, 4].

Intramedullary fixation offers relatively stable
support, has good load-bearing capacity, and is
suitable for various fracture patterns [5]. It
allows for early weight-bearing and rehabilita-
tion, with the benefit of a smaller incision and
less soft tissue damage [6]. However, the pro-
cedure can be more complex, with potential

Currently, there is no conclusive research com-
paring the postoperative outcomes of intra-
medullary and extramedullary fixation in inter-
trochanteric fractures.

Therefore, the aim of this study was to analyze
the postoperative recovery outcomes of differ-
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ent internal fixation methods for intertrochan-
teric fractures, with the goal of identifying the
best fixation technique for clinical practice.

Methods
Clinical data

This study is a retrospective analysis in which
patients were grouped based on their treat-
ment methods. A total of 100 patients with
intertrochanteric fractures, who were hospital-
ized at The Affiliated Tai’an City Central Hospital
of Qingdao University between March 2022
and March 2024, were included. Of these, 43
patients who received intramedullary fixation
were assigned to an observation group, while
57 patients who underwent extramedullary fix-
ation were placed in a control group. The study
received approval from the Ethics Committee
of The Affiliated Tai’an City Central Hospital of
Qingdao University.

Inclusion and exclusion criteria

Inclusion criteria: 1) Age > 18 years; 2) Meeting
the diagnostic criteria for intertrochanteric frac-
ture [10]; 3) No prior history of diseases or frac-
tures affecting the normal function of both
lower limbs before surgery; 4) Completion of
surgical treatment followed by regular follow-
up, including physical and imaging examina-
tions; 5) Fracture treatment plans assigned
based on the patient’s condition.

Exclusion criteria: 1) Patients unable to com-
plete follow-up after surgery (due to death or
loss to follow-up); 2) Patients with pathologic
fracture, congenital proximal femoral deformi-
ties, overly narrow medullary canals, or with
unclosed epiphyses (e.g., adolescents or chil-
dren); 3) Patients who did not follow postopera-
tive functional exercise guidelines as pre-
scribed by their doctor; 4) Patients with severe
medical contraindications, such as advanced
heart disease or diabetes, who are unable to
tolerate surgery; 5) Patients with connective
tissue diseases.

Methods

The control group underwent extramedullary
fixation. After anesthesia took effect, the pa-
tients were positioned supine on a traction
bed. Both lower limbs were placed in traction,
with the affected hip padded and traction ap-

6780

plied in an abducted and externally rotated
position. Fracture reduction was achieved by
adduction and internal rotation. Once satisfac-
tory reduction was confirmed under C-arm fluo-
roscopy, the operative area of the affected limb
was disinfected, and sterile drapes were app-
lied. If reduction was unsatisfactory, a longitu-
dinal incision approximately 8 cm long was ma-
de along the posterior edge of the tensor fasci-
ae latae, on the lateral side of the greater tro-
chanter. The skin and subcutaneous tissue
were incised, bleeding was controlled with elec-
trocoagulation, the deep fascia was incised,
and muscles were separated. The surgical field
was exposed with retractors. Two bone holders
were used to clamp and manipulate the frac-
ture ends horizontally and vertically for reduc-
tion. A second incision, about 10 cm long, was
made from the point where a perpendicular line
from the anterior superior iliac spine intersect-
ed with a parallel line from the greater trochan-
ter. The skin and subcutaneous tissue were
incised layer by layer, and the deep fascia and
gluteus medius were bluntly separated to ex-
pose the femur. Using the piriform fossa be-
tween the femoral trochanters as the entry
point, a positioning needle was inserted. Under
C-arm fluoroscopy, the entry point and insertion
angle were confirmed. The cortical bone of the
piriform fossa was opened with a drill. A guide
wire was then inserted through the insertion
hole, and the medullary canal was reamed
sequentially from fine to coarse with a reaming
drill. The intramedullary nail (Tai’an Sino-Israeli
Medical Devices Co., Ltd., Cat. No. 20230615)
was inserted slowly into the medullary cavity.
Fluoroscopy confirmed good fracture reduction.
A separate incision was made proximally th-
rough the aiming device, and the guide wire
was inserted into the femoral neck. Under fluo-
roscopy, the guide wire was positioned centrally
in the femoral neck. A main locking screw drill
was used, stopping 5 mm short of the subchon-
dral bone of the femoral head, and the helical
blade was hammered in to the same depth.
Fluoroscopy confirmed correct placement. The
distal aiming device was used to identify the
position for the distal locking screw. A straight
incision approximately 2 cm long was made,
the skin and subcutaneous tissue were incised,
and the bone cortex was drilled. After measur-
ing the depth, a locking screw was inserted.
Two distal screws were used for fixation. Fluo-
roscopy confirmed satisfactory fracture align-
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ment, appropriate screw length, and reliable
fixation. The incision was irrigated with normal
saline, and gauze and instruments were accu-
rately counted. The incision was closed in lay-
ers and bandaged with sterile dressings. After
anesthesia wore off, the patients were returned
to the orthopedic care unit in a conscious state.

The observation group received intramedullary
fixation. The patients were positioned supine
on a traction bed, with the affected hip elevat-
ed and both lower limbs in traction in an ab-
ducted and externally rotated position. Fracture
reduction was achieved by adduction and inter-
nal rotation. Once satisfactory fracture reduc-
tion was confirmed by C-arm fluoroscopy, the
operative area was disinfected, and sterile dr-
apes were applied. If the reduction was not sat-
isfactory, a longitudinal incision of approxima-
tely 8 cm was made along the posterior margin
of the tensor fasciae latae at the level of the
fracture. The skin and subcutaneous tissues
were incised, and hemostasis was achieved
using electrocoagulation. The deep fascia was
incised, and the muscles were separated to
expose the surgical field with retractors. Two
bone holders were used to manipulate the frac-
ture horizontally and vertically, and reduction
was achieved using leverage. Next, the guide
pin was inserted along the opener, and fluoros-
copy confirmed its appropriate position. The
bone cortex was drilled open, and the medul-
lary cavity was reamed in sequence from fine to
coarse using a reaming drill. After reaming, an
InterTAN intramedullary nail (Tai’an Sino-Israeli
Medical Devices Co., Ltd., Cat. No. 20230515)
of appropriate length was selected and slowly
inserted using a connecting holder. Fluoroscopy
confirmed that the intramedullary nail was in
the correct position, with good alighment and
apposition of the fracture ends. Using a proxi-
mal aiming device, an incision was made under
the trochanter, and the skin, subcutaneous tis-
sue, and fascia were longitudinally incised.
Blunt dissection exposed the bone surface,
and a guide pin was inserted. Fluoroscopy con-
firmed the correct position and length of the
guide pin. Sequential drilling and depth mea-
surement were performed, and two screws
were inserted obliquely into the femoral neck.
The distal aiming device was then connected.
At the projected locations of the distal locking
screws on the body surface, small incisions
(~1.0 cm) were made, and the skin and subcu-
taneous tissue were incised. Blunt dissection
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exposed the bone surface, and after sequential
drilling and depth measurement, two locking
screws were inserted distally. C-arm fluorosco-
py confirmed that the lag screw was correctly
positioned within the femoral neck cortex, with
the screw thread crossing the fracture line, and
the distal locking screw was well-positioned
with an appropriate length. The alighment and
apposition of the fracture were confirmed, and
the tail cap of the intramedullary nail was sc-
rewed in. The surgical area was irrigated thor-
oughly with normal saline, and no active bleed-
ing was observed. The count of gauze and in-
struments was verified. The incision was closed
layer by layer. After surgery, upon awakening
from anesthesia, the patients’ lower extremity
blood supply, sensation, and movement were
normal, and the patients were transferred back
to the orthopedic intensive care unit in a con-
scious state.

Data collection

We collected data on operation time, total sur-
gical incision length, hospitalization duration,
and postoperative reexamination outcomes for
both groups of patients. We monitored for post-
operative complications, including reduction lo-
SS, coxa vara, infection, and non-union of fra-
ctures, using imaging examinations. Addition-
ally, patients underwent the Harris hip function
score assessment between 6 months and 1
year postoperatively. The Harris Score [11] is
used to evaluate hip joint function, with higher
scores indicating better recovery. According to
the score, hip function recovery was catego-
rized as excellent (score > 90), good (80 < score
< 90), fair (70 < score < 80), or poor (score <
70).

Using EDTA-K2 anticoagulant vacuum blood
collection tubes, 5 ml of blood was drawn from
the cubital vein of each patient before surgery
and again one week after surgery. The collect-
ed venous blood was divided, labeled, and
stored in a 4°C refrigerator. The samples were
promptly centrifuged at 4000 rpm for 10 min-
utes, and the serum was stored in a -70°C
freezer. Once specimen collection was comple-
te, the concentrations of high-sensitivity C-rea-
ctive protein (hsCRP), procalcitonin (PCT), and
immunoglobulin G (IgG) in the serum were mea-
sured using ELISA. The detection protocols fol-
lowed the instructions provided by the respec-
tive kits: hsCRP (Biovendor Co., Ltd., Cat. No.

Am J Transl Res 2024;16(11):6779-6787



Intertrochanteric fractures treated with internal fixation devices

Table 1. Comparison of clinical data between the two groups

Observation group (n = 43) Control group (n = 57) t/x? P

Age (years) 51.05+7.91 50.35+7.19 3.251 0.342
Sex 3.281 0.421

Male (n%) 32 (74.42%) 30 (52.63%)

Female (n%) 11 (25.58%) 27 (47.37%)
BMI 20.7+2.28 20.4+2.76 2.209 0.532
Smoking 33 (76.74%) 42 (73.68%) 2.363 0.551
Marital status 1.831 0.342

Married 11 (25.58%) 16 (28.07%)

Single 14 (32.56%) 11 (19.30%)

Divorced or separated 10 (23.26%) 12 (21.05%)

Widowed 7 (16.28%) 13 (22.81%)

Unknown/missing 1(2.33%) 5 (8.77%)
Chronic emphysema separated 14 (32.56%) 16 (28.07%) 2.762 0.693
Asthma 15 (34.88%) 20 (35.09%) 5.722 0.412
Diabetes 16 (37.21%) 20 (35.09%) 0.841 0.387
Hypertension 15 (34.88%) 16 (28.07%) 0.247 0.619
Hyperlipidemia 14 (32.56%) 18 (31.58%) 0.406 0.528
Coronary heart disease 10 (23.26%) 12 (21.05%) 0.597 0.487

740011), PCT (MEIMIAN Co., Ltd., Cat. No.
MM-0817H2), and IgG (MEIMIAN Co., Ltd., Cat.
No. MM-50796H1).

Sample size estimation

The sample size was calculated using power
analysis, and the corrected sample size was
estimated as follows: corrected sample size =
sample size/(1 - [% attrition/100]) [12]. After
applying this correction, we determined the
final sample size to be approximately 100 pa-
tients. The number of patients in the two groups
was obtained through careful screening and
statistical analysis of the medical database.
Specifically, based on the established inclusion
and exclusion criteria, eligible cases were iden-
tified and classified individually in the data-
base, resulting in 43 cases in the observation
group and 57 cases in the control group.

Statistical analysis

SPSS 25.0 statistical analysis software was
used for data analysis, with additional analyses
conducted using GraphPad Prism (GraphPad
Software Inc., CA, USA). Measured data with a
normal distribution were expressed as mean +
standard deviation. The independent sample
t-test was used for inter-group comparisons,
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and the paired sample t-test was used for intra-
group comparisons. For measured data with a
skewed distribution, values were expressed as
M (Q25 to Q75), with the non-parametric Mann-
Whitney U test used for inter-group compari-
sons, and the Wilcoxon signed rank sum test
for intra-group comparisons. Counted data we-
re presented as frequency and percentage,
with the chi-square test or continuity correction
applied for inter-group comparisons. A p-value
< 0.05 was considered significant.

Results

Comparison of clinical data between the two
groups

There were no significant differences between
the two groups in terms of age, gender, body
mass index, smoking, hypertension, diabetes,
marital status, chronic emphysema, asthma, or
coronary heart disease (Table 1).

Comparison of clinical efficacy between the
two groups

The total response rate in the observation gr-
oup was 88.37%, which was higher than that of
the control group (85.96%), (P < 0.05). In the
observation group, the markedly effective rate
was 55.81% (24 cases), the effective rate was
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Table 2. Comparison of clinical efficacy between the two groups

Group Number of cases Markedly effective Effective Ineffective  Total response rate
Observation group 43 24 (55.81%) 14 (32.56%) 5 (11.63%) 38 (88.37%)
Control group 57 24 (42.11%) 25 (43.89%) 8 (14.04%) 49 (85.96%)

t - 4.128 8.527 14.261 12.348

P - 0.005 0.031 0.003 0.006

Table 3. Comparison of Harris hip joint scores between the two groups

Control group (n =57) Observation group (n = 43) t P
Before intervention 50.6+6.9 50.68+7.6 0.362 0.557
Six months after intervention 62.3+4.2 88.3+5.3 9.756 0.006

Table 4. Comparison of incidence of complications between the two groups

Observation group (n =43)  Control group (n = 57) X2 P
Lower limb discomfort or fatigue 4 6 0.512 0.111
Infect 0/0.00 0/0.00 - -
Bone marrow ischemic damage 0/0.00 0/0.00 - -
Genital femoral neuritis 0/0.00 0/0.00 - -
Total incidence 4 6 0.411 0.511

32.56% (14 cases), and the ineffective rate
was 11.63% (5 cases). In the control group, the
markedly effective rate was 42.11% (24 cases),
the effective rate was 43.89% (24 cases), and
the ineffective rate was 14.04% (8 cases)
(Table 2).

Comparison of Harris scores between the two
groups

The mean Harris hip joint scores before inter-
vention were 50.68+7.6 for the observation
group and 50.6+6.9 for the control group. The
difference in Harris scores before intervention
between the two groups was not significant (P =
0.557). However, the mean Harris scores at six
months after intervention were 88.315.3 for
the observation group and 62.3+4.2 for the
control group, with a significant difference
between the two groups (P = 0.006) (Table 3).

Comparison of incidence of complications
between the two groups

A comparison of the incidence of complications
between the observation and control groups is
summarized in Table 4. The results showed
that, compared to patients in the control group,
those in the observation group had a lower in-
cidence of complications (9.3% vs. 10.5%).
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However, no significant difference was found
between the groups (P = 0.511).

Comparison of inflammatory factors between
the two groups

Using ELISA, the serum levels of hsCRP, PCT,
and 1gG were measured in both groups before
and after treatment. The results showed that,
compared to those in the control group, the
serum concentrations of hsCRP and PCT one
week after surgery decreased significantly in
the observation group (P < 0.001) (Figure 1).

Comparison of balance ability between the two
groups

After the intervention, the observation group
demonstrated significantly better balance abil-
ity compared to the control group (all P < 0.05)
(Table 5).

Comparison of quality of life scores between
two groups

SF-36 scores are shown in Table 6. Compared
to the control group, the observation group had
significantly higher scores in psychological
function (66.69+13.27 vs. 37.63+11.27, P =
0.004), material life (78.69+10.89 vs. 62.62+
11.02, P = 0.003), physical function (84.82+
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Figure 1. Comparison of inflammation indicators between the two groups. A: hs-CRP; B: PCT; C: IgG. Note: PCT: pro-
calcitonin; 1gG: Immunoglobin G; hs-CRP: high-sensitivity C-reactive protein. *P < 0.05 compared to control group,

**%P < (0.001 compared to control group.

Table 5. Comparison of balance ability between the two groups

Group Before surgery One week after surgery P
Observation group (n = 43) 22.65+12.76 38.76+9.98 9.892 <0.001
Control group (n = 57) 22.08+10.01 28.32+9.83 7.218 <0.001
t 3.377 -
P 0.760 -
Table 6. Comparison of quality of life scores between the two groups
Control grou Observation grou
Group (n= 5g7) P (n= 43;2 P t P
Total score Before surgery 67.1249.65 65.48+9.26 0.321 0.746
One week after surgery 68.48+10.36 82.56+£12.03 6.987 0.006
Physical function Before surgery 60.14+12.34 68.23+11.65 0.347 0.741
One week after surgery 65.26+13.02 83.92+13.54 10.641 0.002
Psychological function Before surgery 33.03£9.98 33.87+10.04 0.412 0.687
One week after surgery 37.63+11.27 66.69+13.27 8.810 0.004
Social function Before surgery 53.27+11.62 53.11+10.31 0.489 0.628
One week after surgery 60.24+10.79 78.36+11.85 2.389 0.017
Material life Before surgery 60.56+12.34 59.98+11.42 0.197 0.874
One week after surgery 62.62+11.02 78.69+10.89 9.248 0.003
13.54 vs. 65.26+13.02, P = 0.002), social Discussion

function (78.36+11.85 vs. 60.24+10.79, P =
0.017), and total scores (82.56+12.03 vs.
68.48+10.36, P = 0.006) after surgery. There
were significant differences between the two
groups (P < 0.05).

Comparison of operative data

The operative time in the observation group
was significantly longer than that of the control
group (P < 0.05). However, there was no signifi-
cant difference between the two groups in
terms of incision length or hospital stay dura-
tion (P > 0.05) (Table 7).
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In this study, we found that the use of intramed-
ullary fixation in the treatment of intertrochan-
teric fractures significantly promoted postoper-
ative functional recovery and fracture healing,
with a better fixation effect. Regarding postop-
erative complications, there was no significant
difference between the two groups. However,
the operative time for intramedullary fixation
was significantly longer than that for extramed-
ullary fixation. Therefore, intramedullary fixa-
tion was shown to be a superior treatment
option to extramedullary fixation.
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Table 7. Comparison of operative data between the two groups

Group Operative time

Length of incision Length of hospital stay

Observation group (n = 43) 222.65+12.76
Control group (n = 57) 199.08+10.01
t 7.377
P 0.036

18.76+5.98 11.892+2.98

18.32+6.83 10.218+1.98
2.874 1.987
0.552 0.685

Our resulted showed that intramedullary fixa-
tion significantly promoted the postoperative
functional recovery of patients with intertro-
chanteric fractures. Firstly, intramedullary fixa-
tion provides stable fixation, which helps main-
tain the alignment and stability of the fracture
site. This allows for early mobilization and
weight-bearing, reducing the risk of complica-
tions such as joint stiffness and muscle atro-
phy [13]. Secondly, it minimizes soft tissue
damage during surgery, reducing the impact on
surrounding tissues and blood supply, which is
beneficial for the healing process [14]. More-
over, the design of intramedullary fixation de-
vices is often more suited to the biomechanical
characteristics of the hip joint, enabling better
load transfer and distribution, and promoting
the restoration of hip joint function [15]. Addi-
tionally, it stimulates the body’s repair mecha-
nisms, activating various growth factors and
cellular responses that facilitate bone healing
and functional recovery [16, 17]. Finally, proper
intramedullary fixation can also improve the
patient’'s psychological state, boosting their
confidence and motivation in rehabilitation,
which further contributes to better postopera-
tive functional recovery [18-20].

Notably, intramedullary fixation also significant-
ly promoted fracture healing in patients with
intertrochanteric fractures after surgery. Intra-
medullary fixation provides relatively stable fix-
ation [21, 22], which can better resist shearing
and rotational forces at the fracture site, main-
taining alignment and stability. This is crucial
for the growth and union of bone tissues [20].
Additionally, intramedullary fixation helps redu-
ce the stress-shielding effect. By allowing ap-
propriate stress transfer to the fracture site, it
stimulates osteogenesis and accelerates frac-
ture healing [23, 24]. Furthermore, intramedul-
lary fixation often features a well-designed bio-
mechanical structure, allowing for more even
load distribution, which reduces the risk of fixa-
tion failure or re-displacement, thereby creat-
ing a favorable environment for fracture healing
[25-28]. Moreover, it minimizes soft tissue da-
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mage during the operation, preserving the bl-
ood supply around the fracture, which is essen-
tial for providing nutrients and oxygen to the
healing bone, further promoting fracture repair.
The early stability provided by intramedullary
fixation enables patients to begin functional
exercises sooner, improving local blood circula-
tion and enhancing the process of fracture
healing and functional recovery [29].

In our study, the clinical efficacy of intramedul-
lary fixation in treating intertrochanteric frac-
tures was significantly higher than that of extra-
medullary fixation. From a biomechanical per-
spective, intramedullary fixation offers superior
stability. The intramedullary nail is positioned
within the medullary cavity, where it is better
able to resist shearing and rotational forces
generated during weight-bearing and move-
ment. This reduces the risk of implant displace-
ment and fracture re-displacement [30]. Addi-
tionally, intramedullary fixation features a more
centralized load-bearing axis, which facilitates
more efficient force transmission and distribu-
tion, further promoting fracture healing [31].
Moreover, intramedullary fixation generally in-
volves less soft tissue dissection, which helps
preserve the blood supply around the fracture
site [32]. Adequate blood supply is crucial for
fracture healing, as it ensures the delivery of
necessary nutrients and oxygen to the fracture
site, accelerating the repair process [33]. The
design of intramedullary fixation devices is of-
ten more anatomically appropriate for the inter-
trochanteric region, ensuring a more precise fit
and stronger fixation [34]. This provides better
fixation strength and stability, which is condu-
cive to early postoperative rehabilitation and
functional exercise. Furthermore, intramedul-
lary fixation is associated with a lower inci-
dence of complications such as implant failure
and non-union, compared to extramedullary
fixation. This, in turn, contributes to its superior
clinical efficacy [35].

However, our study had several limitations.
First, the sample size was relatively small,
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which may affect the generalizability of the find-
ings. Second, the follow-up period may not have
been long enough to fully assess the long-term
effects and potential complications associated
with different internal fixation devices. Addi-
tionally, the study focused on a limited range of
internal fixation devices, possibly overlooking
emerging or less commonly used alternatives.
Furthermore, factors such as patient compli-
ance, as well as individual variations in bone
quality and healing capacity, may not have
been adequately considered, which may have
influenced the interpretation of the results.
Future multi-center collaborative studies would
help enhance the generalizability of the find-
ings.

In conclusion, our study demonstrated that in-
tramedullary fixation significantly promoted
postoperative functional recovery and fracture
healing in patients with intertrochanteric frac-
tures, offering superior fixation outcomes. The-
se findings provide valuable insight for clini-
cians and can assist in decision-making for
therapeutic intervention.
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