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Abstract
Introduction Intramedullary tibial nailing is a standard treatment for tibial shaft fractures. Postoperative knee pain 
significantly impacts functional recovery; however, studies on this issue are limited. This study evaluated the effect of 
the parapatellar approach for intramedullary nailing on postoperative knee pain.

Materials and methods A total of 29 patients with tibial shaft fractures treated with intramedullary nails from 
March 2019 to January 2022 were divided into two groups based on the surgical approach: the semi-extended 
lateral parapatellar approach and the conventional subpatellar ligament split approach. Recorded metrics included 
operation time, intraoperative fluoroscopy count, intraoperative bleeding volume, Visual Analog Scale (VAS) scores 
for knee pain at 24 h, 72 h, 1 week, and 1 month postoperatively, fracture healing time and Lysholm knee functional 
scores at 12 months.

Results Both groups completed the operation without significant differences in operation time, intraoperative 
bleeding, fracture healing time, or intraoperative fluoroscopy (P > 0.05). The parapatellar group showed significantly 
better VAS scores for knee pain at 24 h, 72 h, and 1 week postoperatively compared to the control group (P < 0.05), 
with no significant difference at 1 month. After 12 months, Lysholm scores indicated no significant differences in 
knee support, locking, and swelling (P > 0.05); however, the parapatellar group showed significant improvements in 
lameness, instability, stair climbing, squatting, and pain (P < 0.05). Overall, the parapatellar group outperformed the 
control group (P = 0.01). Additionally, long-term follow-up revealed potential advantages of the parapatellar approach 
in improving long-term functional outcomes.

Conclusions Using the parapatellar approach for tibial intramedullary nailing avoids splitting the patellar ligament 
and entering the joint cavity, minimizing knee joint impact and effectively reducing postoperative knee pain, with 
potential benefits in long-term functional recovery.
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Introduction
Tibial shaft fractures are among the most common long 
bone fractures, accounting for approximately 10–15% of 
all long bone fractures. With the increasing global popu-
lation and the rise in high-energy trauma incidents, such 
as motor vehicle accidents and falls from height, the inci-
dence of these fractures has been on the rise. Recent data 
from a major trauma center in the United States reported 
an incidence of over 50,000 tibial shaft fractures annu-
ally, highlighting the significant burden on healthcare 
systems [1]. The clinical impact of these fractures is sig-
nificant, as they can lead to prolonged hospital stays, 
substantial rehabilitation, and long-term disability if not 
managed effectively. The economic burden is also con-
siderable, with direct medical costs and indirect costs 
due to lost productivity amounting to billions of dollars 
each year. Intramedullary nailing(IMN) is generally con-
sidered the gold standard [2–4] for treating tibial shaft 
fractures. However, recent studies have shown that up 
to 70% of patients experience some degree of knee pain, 
with approximately 30–40% reporting chronic pain last-
ing more than six months [5–8]. This pain can severely 
impair functional recovery and quality of life, highlight-
ing the importance of optimizing surgical techniques to 
minimize its occurrence [9, 10].

In the context of geriatric orthopedic conditions, 
osteoporosis significantly increases the risk of fractures, 
including those of the tibia. Characterized by reduced 
bone density and compromised bone strength, osteopo-
rosis makes elderly individuals more susceptible to frac-
tures from minor falls or trauma [11]. According to the 
International Osteoporosis Foundation, osteoporosis is 
responsible for over 8.9 million fractures annually world-
wide, with a fracture occurring every three seconds [12]. 
Previous research from Ronghua Zhang’s lab has empha-
sized the importance of considering bone quality and 
density when selecting surgical techniques and implants 
for patients with osteoporosis, highlighting the need for 
tailored surgical approaches in this patient demographic 
[13].

Postoperative peripheral knee pain, particularly ante-
rior knee pain, significantly impacts functional outcomes 
and can arise from various factors, including local ana-
tomical issues, surgical trauma, and postoperative muscle 
weakness [4–14]. The development of specialized surgi-
cal tools, such as the V-blade tip needle scalpel, reflects 
a broader trend towards more precise and efficient sur-
gical techniques. The V-blade tip needle scalpel repre-
sents a significant advancement in orthopedic surgical 
instruments, designed to improve accuracy and efficiency 
during procedures like ultrasonography-guided percu-
taneous A1 pulley release [15, 16]. For procedures such 
as tibial intramedullary nailing, traditional approaches 
include subpatellar, suprapatellar, and parapatellar 

methods. The subpatellar approach, which involves split-
ting the patellar ligament and requires extreme knee 
flexion, can potentially damage the patellar ligament 
and the infrapatellar nerve, resulting in postoperative 
anterior knee pain [17–21]. This approach allows for 
direct visualization and manipulation of the fracture site, 
which can be advantageous in certain scenarios. How-
ever, it is associated with higher rates of anterior knee 
pain due to potential disruption of the patellar ligament 
and increased joint pressure [22, 23]. In recent years, 
the promotion and use of patellar approach devices have 
facilitated the adoption of the patellar approach for intra-
medullary nailing. This method allows for easier fracture 
end traction and closed reduction by extending the intra-
medullary nail through the knee joint. However, it can 
increase patellofemoral joint pressure, potentially leading 
to postoperative anterior knee pain [24–26].

Evidence suggests that the lateral parapatellar approach 
can decrease iatrogenic soft-tissue damage compared to 
traditional methods. For instance, robotic-assisted total 
knee arthroplasty, which utilizes a similar approach, has 
been shown to result in less iatrogenic soft-tissue dam-
age compared to manual approaches [27, 28]. Although 
this evidence is from knee arthroplasty, it supports the 
potential benefits of the lateral parapatellar approach in 
other surgical procedures, including IMN for tibial shaft 
fractures.

Moreover, the semiextended lateral parapatellar 
approach has been described as a novel technique that 
can reduce surgery time and minimize complications 
during tibial nail placement [29]. This approach also 
allows for better visualization and easier manipulation of 
the proximal tibia, which can lead to more accurate place-
ment of the nail and improved functional outcomes [30]. 
While specific data on the lateral parapatellar approach 
in the context of tibial shaft fractures is not provided, the 
general principle that minimizing soft-tissue damage can 
lead to reduced pain is supported by the literature.

The lateral parapatellar approach appears to be a via-
ble alternative for IMN of tibial shaft fractures, offering 
potential advantages in reducing periarticular pain and 
improving functional outcomes by minimizing iatro-
genic soft-tissue damage. Further research and clinical 
trials are needed to fully evaluate its efficacy and safety 
compared to traditional methods. However, there are few 
research on this subject. This study will aid in the devel-
opment of the effective nailing procedure for reducing 
the periarticular pain.

Materials and methods
The study is a retrospective study, has been approved by 
the Ethics Committee of Huai’an Hospital affiliated to 
Yangzhou University, with approval number KY-P-2022-
015-01, and the study has been approved in written form. 
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This study retrospectively analyzed patients with tibial 
fractures who underwent intramedullary nailing at our 
hospital from March 2019 to January 2022. All patients 
provided written informed consent for the surgical 
procedures.

The study was retrospective in nature, and patients 
were not randomized. Instead, they were assigned to 
either the parapatellar or subpatellar approach group 
based on the surgical approach deemed most appropriate 
by the treating surgeon at the time of surgery. This deci-
sion was influenced by factors such as the specific frac-
ture pattern, patient anatomy, and surgeon’s experience.

Clinical data
Inclusion and exclusion criteria
Inclusion criteria: age ≥ 18 years; precise diagnosis; clear 
surgical indication; fracture not involving the articular 
surface; fresh closed fracture; good compliance; complete 
follow-up treatment.

Exclusion criteria: children with patent epiphysis, 
pathological fractures, vascular nerve injury, no surgical 
treatment, old fractures, low follow-up compliance, or 
incomplete follow-up.

Surgical procedure
Upon admission, the operation was attempted within 
6  h of injury. Control group: The knee was flexed to an 
extreme position, with the calf perpendicular to the oper-
ating table. An approximately 4–5 cm longitudinal inci-
sion was made from the lower patellar pole to the tibial 
tubercle. After cutting through the skin and subcutane-
ous tissue, the patellar ligament was exposed and split 
from its midpoint. This incision exposed the anterior 
edge of the tibial plateau. A guide needle was subse-
quently inserted to confirm the location inside the lateral 
crest of the tibia. Reduction forceps or a “golden finger” 
assisted in reduction along the lateral edge of the ante-
rior tibial plateau. If case reduction failed, a small inci-
sion was made at the fracture end for direct downward 
reduction. The medullary cavity was expanded, and an 
appropriately sized intramedullary nail was inserted, fol-
lowed by near- and far-end locking, and placement of the 
tail cap. Confirmation of fracture reduction and internal 
fixation was done through fluoroscopy. The incision was 
flushed and stitched layer by layer (Fig. 1).

Test group: After disinfecting the sterile field, a sterile 
towel was placed under the calf. The knee was flexed at 
a 15–20° angle with the tibia facing straight forward. A 
3 cm incision was made at the lateral edge of the patella, 

Fig. 1 A 20-year-old male patient with a right tibial shaft fracture (AO 42-A2.1 type) treated with internal fixation via the traditional split-patellar ligament 
approach. Images a-c depicting preoperative X-ray. Image d displaying the incision postoperatively; images e and f represent postoperative X-ray exami-
nations; images g and h showing one-year postoperative reexaminations, indicative of a healed fracture
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cutting through the skin and subcutaneous tissue. The 
parapatellar support band was opened 0.5  cm from the 
lateral edge of the patella, and the patellar ligament was 
pulled medially towards the highest point at the anterior 
edge of the tibial plateau. After confirming the satisfac-
tory location for the needle injection point, a spherical 
guide needle was placed on the distal tibia. Closed reduc-
tion was performed using a point-type reduction clamp 
or a “gold finger.” Blocking nails were placed if necessary. 
In case of unsuccessful closed reduction, a small incision 
was made at the fracture end to assist reduction. Once 
satisfactory reduction was achieved, the main nail was 
inserted using the same method, followed by near- and 
far-end locking. The wound was closed after irrigation 
(Fig. 2).

Postoperative management
Postoperatively, all patients received standard antibiotic 
prophylaxis to reduce the risk of infection. According to 
the infection control guidelines of our institution and the 
specific conditions of the patients, prophylactic antibiot-
ics were administered for a duration of 24 h. It is impor-
tant to note that the duration of antibiotic prophylaxis 
may vary depending on the infection control policies of 

different medical institutions and individual patient dif-
ferences (such as age, comorbidities, etc.). Therefore, 
when generalizing the results of this study to other medi-
cal institutions, the potential impact of differences in 
antibiotic usage duration on postoperative infection rates 
and knee joint functional recovery should be considered.

Following surgery, patients were instructed to adhere 
to bed rest. Enoxaparin or low molecular weight hepa-
rin was prescribed to prevent deep venous thrombosis in 
the lower limbs. Once anesthesia wears off, patients are 
encouraged to initiate toe and ankle joint exercises, with 
knee joint exercises starting 48  h postoperatively. Upon 
subsiding of limb swelling, patients were encouraged to 
mobilize with the assistance of crutches. Weight-bearing 
was permitted on the affected limb upon the formation of 
continuous callus.

Follow-up status
All patients received full follow-up after surgery until 
the fracture had healed. The follow-up schedule is as fol-
lows: patients are seen monthly for the first month post-
operatively, every two months from the second to the 
sixth month, and every three months from the seventh 
to the twelfth month. At each follow-up visit, the knee 

Fig. 2 A 38-year-old female patient with a right tibial shaft fracture (AO 42-A2.1 type) treated with internal fixation via a parapatellar approach. Images a 
and b exhibiting preoperative X-rays; image c highlighting the intraoperative surgical incision and intramedullary nail placement; image d showing the 
incision postoperatively; images e and f displaying postoperative follow-up X-rays; images g and h showing one-year follow-up X-rays, demonstrating 
fracture healing
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joint function of the patients is assessed, and the treat-
ment plan is adjusted according to the recovery situation. 
In addition, to promote the recovery of knee joint mobil-
ity, this study has adopted a standardized knee mobility 
rehabilitation protocol. Within 48  h after surgery, once 
the anesthesia has worn off, patients begin active exer-
cises of the ankle and toes to promote blood circulation 
and prevent deep vein thrombosis. Subsequently, under 
the guidance of a professional rehabilitation therapist, 
knee flexion and extension exercises are gradually initi-
ated. The exercise program includes passive flexion and 
extension, active-assisted flexion and extension, and 
active flexion and extension, conducted 2–3 times daily 
for 30 min each session. During the training process, the 
patient’s pain and knee joint mobility are closely moni-
tored, and the intensity and frequency of the training are 
adjusted according to the patient’s tolerance to ensure the 
safety and effectiveness of the rehabilitation training.

Observational indicators
Various parameters were observed and recorded in both 
groups, including operation duration (from the start 
of surgery to completion of tail cap installation), num-
ber of fluoroscopy sessions, intraoperative blood loss, 
Visual Analog Scale (VAS) score for anterior knee pain 
at 24 h, 72 h, 1 week, and 1 month postoperatively, frac-
ture healing time, and functional score of Lysholm knee 
at 12 months. The Lysholm Knee score primarily evalu-
ates knee pain, instability, thigh muscle atrophy, swelling, 
lameness, ability to squat, climb stairs, and use of sup-
port. Scores above 95 are considered excellent, 94 to 85 
are good, 84 to 65 are fair, and less than 65 are poor.

Statistical analysis
Statistical analysis was performed using IBM SPSS 
(Verion 22.0). Measurement data were expressed as 
mean ± standard deviation and count data were ana-
lyzed using the chi-square (x2) test. The chi-square test 
was chosen for analyzing categorical data due to its suit-
ability for comparing proportions between groups. This 
test is effective for evaluating differences in outcomes 
such as surgical approach success rates and complica-
tion incidences. No additional tests were used to validate 
these results, as the chi-square test provided sufficient 
statistical power for the categorical data in our study. No 
p-value adjustments were made for multiple comparisons 
in this study. The analyses were focused on primary out-
comes, and the number of comparisons was limited to 
avoid the need for adjustments. This approach ensured 
the integrity of our findings without overcomplicating 
the statistical analysis.

Results
A total of 29 patients with tibial shaft fractures treated 
with intramedullary nails from March 2019 to January 
2022 were divided into two groups based on the surgi-
cal approach. In the test group, 13 patients (eight women 
and five men) aged 31–70 years (averaging 57.92 ± 13.42 
years) underwent tibial nailing via the lateral parapatel-
lar approach. Causes of injury included six traffic acci-
dents, five falls, and two other injuries. Fractures were 
classified into three cases of Arbeitsgemeinschaft für 
Osteosynthesefragen(AO) 42-A, four of type B, and six of 
type C.

In the control group, 16 patients (ten men and six 
women) aged 19–78 years (averaging 50.06 ± 14.01 years) 
underwent tibial nailing using the traditional subpatellar 
ligament split approach. Causes of injury included eight 
traffic accidents, seven falls, and one high fall. Fractures 
were classified into four cases of AO 42-A, six of type 
B, and six of type C. In terms of previous knee injuries, 
two patients in the test group and three patients in the 
control group had a history of such injuries. Regarding 
comorbidities, the test group included two patients with 
diabetes, one with hypertension, and one with coronary 
heart disease. In the control group, there were three 
patients with diabetes, two with hypertension, and one 
with coronary heart disease. The two groups had no con-
siderable difference in general data (Table 1).

Both groups completed the surgery. The mean opera-
tion duration was 95.00 ± 25.02 min in the test group and 
93.63 ± 22.16 min in the control group, with no substan-
tial difference between the two groups (P = 0.88). The 
average blood loss was 173.08 ± 105.94mL in the test 
group and 151.88 ± 59.13mL in the control group, show-
ing no significant difference between the two groups 
(P = 0.50). Bone healing was achieved in both groups. The 
fracture healing time was 16.38 ± 2.87 weeks in the test 
group and 17.25 ± 2.08 weeks in the control group, with 
no significant difference (P = 0.36) (Table 2).

The intraoperative fluoroscopy count was 4.85 ± 0.80 in 
the test group and 5.19 ± 0.91 in the control group. There 
was no considerable difference between the two groups 
(P = 0.3). Regarding the VAS score, the test group showed 
superior outcomes compared to the control group at 
24 h, 72 h, and 1 week postoperative (P < 0.05). There was 
a significant difference in the VAS score between the two 
groups at 1 month postoperatively (P = 0.03) (Table  3). 
The lower VAS scores in the parapatellar group during 
these critical periods have important clinical implica-
tions. In the first 24 h, immediate pain relief is crucial for 
patient comfort and satisfaction. Lower pain levels can 
reduce the need for high-dose analgesics, mitigating risks 
associated with opioid use. At 1 week, reduced pain facil-
itates early mobilization and adherence to rehabilitation 
protocols, preventing complications like joint stiffness 
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and muscle atrophy. These factors contribute to faster 
recovery and improved functional outcomes.

Furthermore, decreased pain in the early postop-
erative period enhances patient satisfaction and qual-
ity of life. Patients with lower pain levels are more likely 
to view their surgical outcome positively, which can 
improve their psychological well-being and motivation 
for recovery.

At the 12-month follow-up, Knee Lysholm scores were 
assessed in both groups. There were no significant dif-
ferences in knee support, locking, or swelling (P > 0.05). 
However, the test group exhibited substantially better 
outcomes regarding lameness, instability, stair climb-
ing, squatting, and pain (P < 0.05). Specifically, nine 
cases were rated as excellent and four as good in the 
test group, whereas in the control group, five cases were 
rated as excellent, with three rated as good. The differ-
ences between the two groups were evident (P = 0.01) 
(Table 4). The differences in Lysholm scores observed in 
our study are promising and suggest that the parapatellar 
approach may offer significant advantages in improving 
knee function following tibial intramedullary nailing. A 
detailed analysis of the specific items within the Lysholm 
score reveals that certain aspects of knee function were 
particularly affected by the surgical approach used. 
For lameness, the parapatellar group showed a signifi-
cant improvement compared to the subpatellar group. 
This can be attributed to the reduced soft-tissue dam-
age and joint disruption associated with the parapatel-
lar approach, which avoids splitting the patellar ligament 
and minimizes patellofemoral joint pressure, contribut-
ing to better alignment and stability of the knee joint and 
resulting in less noticeable limping during ambulation. 
Regarding instability, patients in the parapatellar group 
reported less instability, likely due to the preservation 
of the patellar ligament’s integrity, which plays a crucial 
role in maintaining knee stability. In contrast, the sub-
patellar approach, which involves ligament splitting, can 
lead to scarring and fibrosis, potentially compromising Ta
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Table 2 Comparison of intraoperative duration, bleeding 
volume, and fracture healing time between the two groups
Study 
groups

Example 
number

Intraopera-
tive dura-
tion (min)

Intraoperative 
blood loss 
volume (mL)

Fracture 
healing 
time 
(weeks)

Test Group 13 95.00 ± 25.02 173.08 ± 105.94 16.38 ± 2.87
Control 
Group

16 93.63 ± 22.16 151.88 ± 59.13 17.25 ± 2.08

t 0.16 0.68 0.94
P 0.88 0.50 0.36
This table compares the surgical outcomes of the test and control groups. 
The intraoperative duration refers to the time from the start of surgery to the 
completion of tail cap installation. Intraoperative blood loss is measured in 
milliliters, and fracture healing time is the duration in weeks from surgery to the 
point of healed fracture
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the ligament’s ability to provide adequate support. The 
parapatellar group also exhibited significant improve-
ments in their ability to climb stairs and squat, activities 
that require strong quadriceps function and intact joint 
mechanics. By minimizing damage to surrounding soft 
tissues and joint structures, the parapatellar approach 
likely facilitates better recovery of quadriceps strength 
and joint mobility, enabling patients to perform these 
functional tasks more effectively. Additionally, lower pain 
levels were reported in the parapatellar group, particu-
larly in relation to daily activities and movement, aligning 
with the overall findings of reduced postoperative pain 
using this approach. Less pain enhances patients’ ability 
to engage in physical activities and improves their overall 
quality of life.

Discussion
Our study’s findings on knee pain following tibial nailing 
using the parapatellar approach can be contextualized by 
comparing them with existing literature on different sur-
gical techniques. The subpatellar approach, which often 
results in high incidences of anterior knee pain, aligns 
with our control group findings, where chronic pain was 
reported in a significant percentage of patients. This is 
likely due to damage to the patellar ligament and infrapa-
tellar fat pad. In contrast, the suprapatellar approach, 
while preserving the patellar ligament, may increase 
patellofemoral joint pressure, leading to comparable pain 
levels. Our results support the benefits of the minimally 
invasive parapatellar approach, which showed significant 
improvements in VAS and Lysholm scores, consistent 
with reduced soft-tissue damage and joint disruption.

Comparison with other studies
The findings of our study on knee pain following tibial 
nailing using the parapatellar approach can be contex-
tualized by comparing them with existing literature on 
different surgical techniques. The subpatellar approach, 
which often results in high incidences of anterior knee 
pain, was similar to our control group findings, with 
Nork et al. reporting chronic pain in 40% of patients [31]. 
This aligns with our observation of higher VAS scores 
and lower Lysholm scores in the subpatellar group, likely 

due to damage to the patellar ligament and infrapatellar 
fat pad .

In contrast, the suprapatellar approach preserves the 
patellar ligament but may increase patellofemoral joint 
pressure, as noted in a systematic review by Bleeker et 
al., which found no significant difference in pain lev-
els compared to the subpatellar approach [32]. Recent 
advancements in minimally invasive techniques, such 
as the lateral parapatellar approach used in our study, 
have shown promising results. Patel et al. validated this 
approach as extra-articular, reporting reduced postoper-
ative pain and improved knee function [33]. Our findings 
support these results, demonstrating significant improve-
ments in VAS scores and Lysholm scores, particularly in 
pain, lameness, and instability. These improvements are 
consistent with the benefits of minimizing soft-tissue 
damage and joint disruption.

Limitations and future research
Our study has several limitations, including a small sam-
ple size and a follow-up period limited to 12 months. 
These factors may affect the generalizability of our 
results and our ability to assess long-term outcomes. 
Future research should focus on larger sample sizes and 
extended follow-up periods to evaluate the durability of 
pain reduction and functional improvements beyond 12 
months. Additionally, studies could explore the impact 
of patient-specific factors, such as age and comorbidi-
ties, on postoperative outcomes. Large-scale, multicenter 
studies would help validate the approach’s efficacy and 
safety, providing valuable insights into its potential to 
mitigate chronic pain and improve long-term functional 
outcomes. Such research would also help identify any 
specific patient characteristics or surgical factors that 
may influence the approach’s effectiveness, guiding the 
development of more personalized surgical strategies.

Alignment with ERAS protocols
Minimally invasive surgical techniques, such as the 
parapatellar approach, align well with enhanced recovery 
after surgery (ERAS) protocols. ERAS aims to optimize 
patient outcomes by reducing surgical stress and promot-
ing early recovery. The parapatellar approach minimizes 

Table 3 Comparison of intraoperative fluoroscopy count and visual Analog Scale (VAS) scores at different timepoints in the two 
groups
Study group Example 

number
Intraoperative 
fluoroscopy count

VAS grade
24 h postoperative 72 h postoperative One week 

postoperative
One month 
postoperative

Test Group 13 4.85 ± 0.80 6.62 ± 0.87 3.15 ± 0.38 0.77 ± 0.6 1.38 ± 0.49
Control Group 16 5.19 ± 0.91 7.44 ± 1.03 3.56 ± 0.51 2.31 ± 0.48 1.55 ± 0.51
t/χ² 1.06 2.29 2.40 2.72 2.22
P 0.30 0.03 0.02 0.01 0.03
This table shows the number of fluoroscopy sessions used during surgery and the VAS scores for knee pain at various postoperative timepoints. The VAS is a tool 
used to measure pain intensity, with higher scores indicating greater pain
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soft-tissue damage and joint disruption, which is consis-
tent with ERAS principles. Literature on similar mini-
mally invasive techniques has shown that they can lead 
to reduced postoperative pain, faster mobilization, and 
improved patient satisfaction [34, 35]. By adopting such 
techniques, surgeons can enhance patient outcomes and 
align their practices with the broader goals of ERAS. The 
combination of minimally invasive surgery with ERAS 
protocols has been shown to improve clinical outcomes 
significantly [36]. By minimizing surgical stress and pro-
moting early mobilization, the parapatellar approach can 
contribute to faster recovery and reduced complications, 
which are key objectives of ERAS protocols [37].

Conclusion
Our study demonstrates that using the parapatellar 
approach for tibial intramedullary nailing effectively min-
imizes postoperative knee pain and improves functional 
outcomes. By avoiding the need to split the patellar liga-
ment and enter the joint cavity, this approach reduces 
the impact on the knee joint. The results show significant 
improvements in pain levels and knee function, as evi-
denced by lower VAS scores and better Lysholm scores 
in the parapatellar group. However, the small sample 
size limits the generalizability of our findings. Further 
research with larger cohorts and longer follow-up peri-
ods is necessary to fully understand the long-term bene-
fits and mechanisms of this surgical approach in reducing 
knee pain and enhancing recovery after tibial intramed-
ullary nailing.
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