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Abstract
Purpose The purpose of this study was to investigate the utility of the lateral position in intramedullary
nailing of tibial shaft fractures via the infrapatellar approach.

Methods The present study was a retrospective analysis of 112 patients who sustained closed tibial
shaft fractures and treated with intramedullary nailing via the infrapatellar approach. Patients were
divided into two groups according to surgical position: lateral or supine. The demographic and clinical
data were collected and analyzed.

Results There were 54 patients in the lateral and 58 in the supine position groups. The duration of surgery
and �uoroscopy was shorter in the lateral group than the supine group (p < 0.05). Blood loss during
surgery was lower in the lateral compared with supine position group (p < 0.05). The malunion rate was
lower in the lateral position group as compared with the supine position group (p < 0.05); moreover, fewer
surgical assistants were needed than in the supine group (p < 0.05). There were no signi�cant differences
in fracture healing time, other complications between the two groups (p > 0.05).

Conclusions The lateral position was a more convenient choice for intramedullary nailing of tibial shaft
fractures via infrapatellar approach.

Introduction
Tibial shaft fracture is the most common type of long tubular fracture[1]. For surgical treatment of closed
tibial shaft fractures, intramedullary nailing is the �rst-line surgical option[2–5]. Intramedullary nailing
has the advantages of reliable �xation, the possibility of earlier weight bearing, and less interference with
soft tissues. In recent years, many studies have investigated various surgical approaches to and
complications of intramedullary nailing[6–11]. A literature review suggested that the supine position has
generally been adopted for the infrapatellar approach to intramedullary nailing of tibial shaft fractures;
however, there are few, if any, reports describing the lateral supine position being used in intramedullary
nailing.

Surgical position of the patient is highly important in terms of exposure and procedural mechanics.
Proper positioning can facilitate the procedure and exposure, shorten operation time, and improve
treatment e�ciency. In recent years, signi�cant advances have been made in intramedullary nailing of
tibial shaft fractures in the semi-extended position using a suprapatellar portal technique, making it the
more recommended method[7, 9, 12, 13]. The suprapatellar approach has certain advantages over the
conventional infrapatellar approach, including a more comfortable position, better reduction of proximal
fractures, shorter operation time and lower occurrence of anterior knee pain, among others[12, 14].
However, special surgical portal technology, tools, and longer learning curves are needed in the
suprapatellar approach. In particular, interference with the patellofemoral joints[13] and the di�culty of
internal �xation removal are disadvantages of this method[8]. Therefore, the infrapatellar approach
remains the most familiar and common surgical approach used by most orthopedic surgeons.
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Nevertheless, supine with the knee hyper�exed is necessary during tibial intramedullary nailing using the
infrapatellar approach. This position has shortcomings including di�culty in obtaining the proximal tibial
anteroposterior view during intraoperative �uoroscopy, easy loss of alignment after fracture reduction,
and prolonged duration of �uoroscopy[15].

In our clinic, we have attempted to adopt the lateral position when performing intramedullary tibial nailing
via the infrapatellar approach, and identi�ed certain advantages over the conventional supine position.
Therefore, the aim of this retrospective study was to investigate the utility of the lateral position in
intramedullary nailing of tibial shaft fractures using the infrapatellar approach.

Patients And Methods
Patients

Data from patients with tibial shaft fractures, who underwent intramedullary nailing via the infrapatellar
approach in the authors’ ward between January 2016 and January 2018, were retrospectively analyzed.
Inclusion criteria were as follows: fresh, unilateral closed leg fracture; normal walking ability before
fracture; and > 18 years of age with complete data. Individuals with old, pathological or open fractures,
multiple fractures with breakage in other parts, no normal walking ability before the fracture, < 18 years of
age, and those with incomplete follow-up data were excluded. Fractures were classi�ed according to the
AO Foundation/Orthopaedic Trauma Association (AO/OTA) fracture classi�cation criteria. Patients were
divided into one of two groups according to their positioning in surgery: supine and lateral. During the
two-year period, 139 patients underwent intramedullary nailing for tibial fractures. After further analysis
of case information, a total of 27 cases were excluded for the following reasons: open fracture(n=8);
fractures in other parts (n=12); old fracture (n=2); and incomplete data (n=5). As such, a total of 112
patients were included in the present study (Figure 1). All patients provided informed written consent for
treatment. Given the retrospective design of the study and the use of anonymized patient data, the Ethics
Committee of our hospital concluded that no approval of the committee was necessary.

Surgical methods

Patients in both groups were treated with epidural anesthesia, and a tourniquet was secured on the
fractured limb as backup. Tourniquets were not used for intramedullary nailing but were used when the
�bular fracture plate was �xed. The infrapatellar approach and reamed interlocking intramedullary nailing
technique was used for all patients. Open reduction and plate internal �xation of �bular fracture were
performed in cases involving associated fracture in the distal-third of the �bula. The surgery was
performed by the same surgical team.

Lateral position group

Patients were positioned laterally with the fractured limb placed on a custom-fabricated sponge cushion
for the lateral lying position. The knee joint was �exed and extended 10°–120° according to operational
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needs, and the fractured limb could be rotated externally by nearly 90° if needed (as shown in Figures 2
and 3).

Supine position group

The conventional supine position was adopted for this group. During the operation, a position cushion
was placed behind the knee joint, if necessary, to maintain knee �exion.

Perioperative management

An intravenous drip of 1.0 g of cefazolin sodium was administered 30 min before surgery to prevent
infection; the postoperative protocol included 200 mg of celecoxib per day (administered orally) for
analgesia. X-ray �lms were re-examined on postoperative day 3 to assess fracture alignment and the
position of the internal �xation. Regular outpatient review was performed at 1, 3, 6, and 12 months
postoperatively using X-ray examination. Partial weight-bearing walking was started 6 weeks after the
operation, and X-rays were reviewed during the follow-up period. Full weight-bearing started after the
fracture healed.

Data collection

Age, sex, body mass index, injury side, AO fracture type, injury mechanism, smoking history, diabetes,
associated �bular fracture, �bula internal �xation, operation time, �uoroscopy time, intraoperative blood
loss, number of assistants needed, complications (super�cial infection, deep infection, malunion, delayed
union, nonunion, anterior knee pain), fracture healing time, and the Lower Extremity Functional Scale
(LEFT) score[16] at 12 months after surgery.

Method to determinefracture healing

According to the radiographic union score for tibial (RUST) fractures[17], fracture healing is observed
when osteotylus appears on 3 of the 4 cortical bones. Delayed union is de�ned as imaging not meeting
healing standards at 6 months postoperatively, and nonunion is de�ned if imaging demonstrates no
healing after 3 months of dynamic observation. Fracture healing was assessed using the standard
method. Rotation deformity was based on the clinical evaluation method: knee �exion by 90° in prostrate
position. The difference between the femoral-foot angle measurement of the fractured side and the
healthy side was used to determine tibial rotation deformity. Varus and anteroposterior angle deformity
were determined according to standard tibial orthotopic and lateral radiograph measurements. Clinically
and, based on imaging results, any deformity > 10° is considered malunion.

Statistical analysis

Statistical analysis was performed using SPSS version 19.00. The data were �rst tested for normality
using the Kolmogorov-Smirnov method. Measurement data are expressed as mean ± standard deviation
(SD), and count data are described as rates. Measurement data from the two groups were compared
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using the independent sample t test (normal distribution) or non-parametric H test (non-normal
distribution), and the comparison of count data was performed using chi-squared analysis. Differences
with P ≤ 0.05 were considered to be statistically signi�cant.

Results
There were 54 patients in the lateral and 58 in the supine position groups; demographic data of patients
in the two groups are summarized in Table 1. There were no statistically signi�cant differences in terms
of age, sex, body mass index, fracture AO classi�cation, trauma mechanism, smoking history, invovled
limb, diabetes history and associated �bular fracture between the two groups (p > 0.05). And the pre-
operation baseline conditions of the two groups were consistent.



Page 6/13

Table 1
Demographic and baseline data of patients in the lateral and supine

groups
Variable Lateral groups Supine groups

Age, years * 45.30(13.81) 45.02(12.62)

Sex (n, %)

Male

Female

42, 77.78%

12, 22.22%

47, 81.03%

11, 18.97%

BMI (kg/m2) * 24.44(2.67) 24.06(2.66)

AO/OTA classi�cation (n, %)

Type A

Type B

Type C

21, 38.89%

23, 42.59%

10, 18.52%

22, 37.93%

25, 43.10%

11, 18.97%

Trauma mechanism (n, %)

Tra�c accident

Crushed

Falling

Sport injury

Beaten

24, 44.44%

9, 16.67%

12, 22.22%

8, 14.81%

1, 1.85%

25, 43.10%

11, 18.97%

15, 25.86%

7, 12.07%

0, 0.00%

Involved limb (n, %)

Left

Right

22, 40.74%

32, 59.26%

22,37.93%

36, 62.07%

Smoking history (n, %) 16, 29.63% 19, 32.76%

Diabete history (n, %) 5, 9.26% 4, 6.90%

Associated �bular fracture (n, %) 54, 100% 58, 100%

*mean(SD); All P-value > 0.05

A comparison of surgical information and complications, fracture healing, and LEFT scores in the lateral
and supine groups is presented in Table 2. The operation time in the lateral position group was shorter
than it in supine group (72.98(14.21) mintues vs 82.09(14.92) mintues, p = 0.001). And �uoroscopy times
in the lateral position group was shorter than it in the supine position group (33.81(5.91) seconds vs
68.53(8.69) seconds, p = 0.000). There was less blood loss during surgery in the lateral position group
than in the supine group (95.65(14.51) ml vs 121.90(44.54) ml, p = 0.000); the number of assistants
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required for surgery was smaller in the lateral group (p = 0.000); and the malunion rate was lower in the
lateral group (p = 0.045). There was no signi�cant difference in fracture healing time, infection or other
complications, and LEFT scores at the 12 month follow-up examination (p > 0.05).

Table 2
Comparison of surgical data and complications, healing, and lower limb function

scores in the lateral and supine groups
Variable Lateral groups Supine groups P-value

Operation time (mintues) * 72.98(14.21) 82.09(14.92) 0.001

Fluoroscopy time (seconds) * 33.81(5.91) 68.53(8.69) 0.000

Intraoperative blood loss (milliliter) * 95.65(14.51) 121.90(44.54) 0.000

Number of assistants needed * 1.85(0.36) 2.43(0.50) 0.000

Fibula internal �xation (n,%) 29, 53.70% 30, 51.72% 0.293†

Complications (n,%)

Super�cial infection

2, 3.70% 2, 3.45% 0.994†

Deep infection 0, 0.00% 0, 0.00%  

Anterior knee pain 8, 14.81% 10, 17.24%  

Delayed fracture healing 3, 5.56% 2, 3.45%  

Nonunion 0, 0.00% 0, 0.00%  

Malunion (n,%)

Rotation malunion

Varus malunion

Valgus malunion

3, 5.56%

1, 1.85%

0, 0.00%

10, 17.24%

1, 1.72%

0, 0.00%

0.045†

Time for union (weeks) * 14.00(5.93) 15.88(5.02) 0.072

LEFS score at 12 month * 77.19(2.39) 76.86(2.81) 0.515

*mean(SD); † Chi-square-test

LEFT = The Lower Extremity Functional Scale

Discussion
Tibial shaft fracture is the most common type of long tubular bone fracture[1], and intramedullary nailing
is currently the primary treatment of choice for most surgeons[2–5]. The main surgical approaches are
infrapatellar and suprapatellar, which correspond to such surgical positions as supine with the knee
hyper�exed and supine semi-extension. Surgical positions can have decisive impact on exposure and
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surgical �ow, and can affect outcomes. An optimal surgical position facilitates surgical �ow and
exposure, shortens operation time, reduces bleeding, and protects the life of patients. There are some
disadvantages to adopting the extreme knee �exion position when using the infrapatellar approach,
including di�culty in observing the puncture point during surgery, loss of fracture reduction, and long
duration of �uoroscopy[15]. Although some investigators have attempted to solve these di�culties using
special intraoperative traction devices[18], they often require additional traction equipment, increase the
cost of surgery, and extend operation time, making it di�cult for more widespread use. The present
retrospective clinical study investigated the utility of the lateral position in intramedullary nailing of tibial
shaft fractures through the infrapatellar approach.

We found that intramedullary nailing with the patient positioned laterally has many advantages. First, the
knee joint can be �exed and extended through a wide range, which is conducive to intraoperative
�uoroscopy and, especially, facilitates �uoroscopy of the proximal tibial nailing point and proximal
fracture site. This is particularly important in lower-tier hospitals not equipped with orthopedic
�uoroscopy beds, and can help solve the problem of ordinary surgical beds not being able to provide a
complete anteroposterior view. Second, the rate of postoperative malunion in patients in the lateral
position group was signi�cantly lower than that in the supine group (p < 0.05). Analysis has revealed that
the lateral position can reduce traction of the patellar tendon on the proximal tibia and the effect of
gravity on the distal end of the fracture, thus helping to overcome shortcomings including di�culty of
reduction with extreme knee �exion in the supine position and loss of reduction, thereby diminishing the
possibility of postoperative malunion. This especially helps to lower the rate of malunion. Third,
operation time, intraoperative �uoroscopy time, and intraoperative blood loss in the lateral position group
were signi�cantly lower than those in the supine group. This may be because the lateral position is more
conductive to �uoroscopy and facilitates fracture reduction and maintenance, which will accelerate the
operation and shorten the duration of intraoperative �uoroscopy and the surgery itself. In addition,
internal plate �xation is required when tibia fractures are combined with fractures in the distal-third of the
�bula. The lateral position is bene�cial to surgical operation at the �bular fracture, and exposure of the
surgical �eld is easier than in the supine position, which facilitates the involvement of assistants, which
is another reason for the shorter operation time in the lateral position. Fourth, during clinical practice, we
have also found that the lateral position is conducive to positioning of the limb during the operation. If
necessary, the fractured limb could be rotated externally by nearly 90° at any time, which offers more
�exibility and facilitates intraoperative operation. Fifth, easier reduction of the fracture also means fewer
surgical staff, helping to reduce the dependence on surgical assistants. The surgery can usually be
completed with the help of one to two assistants, thereby reducing labor costs associated with the
operation. Sixth, during the postoperative follow-up period, there was no signi�cant difference between
the two groups in the healing time of fractures, incidence of delayed healing or nonunion, or LEFT scores
at the end of the follow-up period, suggesting that lateral positioning was not inferior to the conventional
supine position in terms of early and mid-term treatment effects.

Despite these advantages, compared with the conventional supine position, the lateral position for
intramedullary nailing also has some disadvantages, including a longer learning curve, the necessity for
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surgical assistants skilled and familiar with the operation, and the need for a well-coordinated team.
These shortcomings, however, can be overcome by increased training for surgeons and assistants.

The present study had limitations, the �rst of which were its retrospective design and relatively small
sample size. As such, studies with larger sample sizes will be needed to con�rm our results. Furthermore,
according to the results of this study, we speculate that the advantage of the lateral position in terms of
fracture reduction may be more obvious in the intramedullary nailing of proximal tibial fractures, whereas
in this study, cases of tibial shaft fractures were selected. Thus, further research investigating the utility
of intramedullary nailing for proximal tibial fractures is warranted and may con�rm the advantages of the
lateral position.

Conclusions
Tibial intramedullary nailing via the infrapatellar approach with patients in the lateral position overcomes
the shortcomings of the conventional supine position, shortens the operation, the intraoperative use of
�uoroscopy, and reduces the incidence of postoperative malunion, while also requiring no special tools or
surgical instruments. Lateral supine is a more patient-friendly surgical position for fractures of the tibial
shaft treated using intramedullary nailing via the infrapatellar approach.
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Figures
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Figure 1

patients were included in the present study

Figure 2

Patients were positioned laterally with the fractured limb placed on a custom-fabricated sponge cushion
for the lateral lying position.
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Figure 3

The knee joint was �exed and extended 10°–120° according to operational needs, and the fractured limb
could be rotated externally by nearly 90° if needed


