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Abstract
Background: Distal tibia shaft fractures have a high risk of mal-alignment when treated with
intramedullary nailing (IMN). Permanent blocking screws (BSs) and temporary blocking pins (BPs) are
often used as supplements to help IMN get good alignment. The purpose of this study was to compare
the clinical and radiographic outcomes of temporary BPs and permanent BSs for distal tibia shaft
fractures.

Methods: From March 2014 to May 2019, a total of 89 patients with distal tibia shaft fractures were
included in this retrospective study and divided into two groups. All fractures were located below the
isthmus but 4 cm above the tibial plafond. The differences in operating time, intraoperative bleeding,
�bula plate �xation, number of BP/BS, initial and �nal alignment, loss of reduction, fracture healing time,
and postoperative complications were analyzed. Functional outcomes of the ankle were assessed with
the American Orthopedic Foot and Ankle Society (AOFAS) score.

Results: All patients underwent a minimum follow-up of 13 months. The operating time was (73.9±6.1)
min and (80.2±8.6) min in the BP group and BS group, respectively (P < 0.05); intraoperative bleeding was
(88.2±18.0) mL and (92.9±26.6) mL, respectively (P > 0.05); initial reduction deformity in coronal plane
was (0.5±2.3) degrees and (0.9±2.3) degrees, respectively (P > 0.05); �nal alignment deformity in coronal
plane was (1.2±2.7) degrees and (1.3±2.4) degrees, respectively (P > 0.05); initial reduction deformity in
sagittal plane was (0.6±2.2) degrees and (0.6±2.4) degrees, respectively (P > 0.05); �nal alignment
deformity in sagittal plane was (0.9±2.3) degrees and (1.0±2.2) degrees, respectively (P > 0.05); As for the
loss of reduction, there was no signi�cant difference in sagittal plane between the two groups(P > 0.05).
Although the loss of reduction in the coronal plane of the BP group (0.8±0.7 degrees) is statistically
higher than that of the BS group (0.5±0.5 degrees), the small difference was not clinically important (P <
0.05). No signi�cant differences were found between the two groups in fracture healing time, AOFAS
score and complications (P > 0.05).

Conclusion: Both temporary BP and permanent BS can help achieve equivalent overall alignment.
However, BP technique is simpler and takes less time.

Introduction
Tibial fractures can successfully be treated with intramedullary nailing (IMN) [1–3]. However, distal tibia-
shaft fractures are challenging as the expanding diaphysis going to the metaphysis increases the size of
the intramedullary canal [4]. The reported incidence of mal-alignment ranges from 10–29% [5–7].

The blocking screw (BS), introduced by Kretek et al [8, 9], can narrow the medullary cavity and direct IMN
to a desired position, which has become a popular surgical procedure for nailing a distal tibia shaft
fracture. However, it has potential complications such as screw breakage, iatrogenic fracture, soft tissue
irritation, and hardware removal [10–14].
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To overcome these issues, Shahulhameed et al.[12] proposed to use a smooth and elastic Steinmann pin
to facilitate fracture reduction, and �nally replace it with a permanent BS. With the development of
modern IMN, Wang et al.[15] and Poyanlı et al.[16] found that when the metaphyseal fracture was
reduced with a temporary Kirschner wire, the fracture reduction could be well maintained even if the
Kirschner wire was removed directly rather than replaced with a permanent BS. This new technique can
reduce the operating time and avoid permanent soft tissue irritation. However, the main concern about it
is that there is a potential decline in construct stiffness without the permanent BS. To date, there is no
large sample clinical study comparing the e�cacy of temporary blocking pin (BP) and permanent BS for
nailing a distal tibia shaft fracture.

In our institution, the BP or BS has always been used as a supplement when acute distal tibia shaft
fractures were treated with IMN. The purpose of the present retrospective study was to compare the
clinical and radiographic outcomes of BP and BS.

Materials And Methods

Patients
Every skeletally mature patient with an acute fracture of the distal tibia shaft who underwent IMN �xation
with temporary BP or permanent BS at our institution between March 2014 and May 2019 were selected
for this retrospective study. Exclusion criteria included AO/OTA 43 fractures, open fractures, pathological
fractures, multiple fractures, preexisting diseases affecting activities of the ipsilateral lower limbs, and
insu�cient radiographic or chart data. All fractures were located below the isthmus but 4 cm above the
tibial plafond. The clinical study was approved by the Ethics Committee of the Third Hospital of Hebei
Medical University in China, and written informed consents were obtained from all participants.

A total of 89 patients were identi�ed. There were 56 males and 33 females, with a mean age of
43.7 years. The mean distance from the plafond was 8.76 cm (Table 1). Based on whether BP or BS was
used during nailing, 46 patients were divided into the BP group and 43 into the BS group. There were no
signi�cant differences in baseline demographic characteristics, including age, gender, injury mechanism,
AO/OTA classi�cation, distance from the tibial plafond, interval from initial injury to surgery, and follow-
up time (Table 1).
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Table 1
Patients’ baseline demographic characteristics

Parameters BP Group (n = 46) BS Group (n = 43) P-value

Age (year, mean ± SD) 42.3 ± 9.1 45.1 ± 10.5 0.178

Gender [ n (%)]     0.367

Male 31(67.4%) 25(58.1%)  

Female 15(32.6%) 18(41.9%)  

Side of injuryn [ n (%)]     0.753

Left 24(52.2%) 21(48.8%)  

Right 22(47.8%) 22(51.2%)  

Injury mechanis [ n (%)]     0.485

Falls from standing 19(41.3%) 15(34.9%)  

Fall from height 8(17.4%) 12(27.9%)  

Industrial injury 6(13.0%) 7(16.3%)  

Tra�c acciden 11(23.9%) 9(20.9%)  

Others 2(4.3%) 0(0%)  

OTA/AO classi�cation [ n (%)]     0.886

42A 32(69.6%) 28(65.1%)  

42B 8(17.4%) 8(18.6%)  

42C 6(13.0%) 7(16.3%)  

Time to nail (day, mean ± SD) 3.2 ± 1.3 3.6 ± 1.4 0.121

Distance from tibial plafond (cm, mean ± SD) 8.78 ± 0.86 8.75 ± 1.20 0.902

Follow-up period (month, mean ± SD) 17.8 ± 3.8 17.5 ± 3.1 0.740

Surgical Procedures
For the BP group, a trans-patellar tendon approach was used with the knee in a �exed position.
Percutaneous manipulation was performed to obtain and maintain an approximate reduction. A 3-mm
Steinmann pin was used as a temporary BP. Following the concave side principle [9] or acute angle
principle [17], one or more BPs were inserted. The location of the BP is 6.0–7.0 mm from the center of the
canal and 1.0 cm from the fracture line [12, 17]. Thereafter, the ball-tipped guidewire was inserted at the
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correct side. Critical techniques included the central placement of the guidewire and reaming to a
subchondral level, approximately 5.0 mm from the distal articular surface [18]. The nail was inserted and
locked with two proximal and two distal interlocking screws. Finally, the BP is pulled out directly. For the
BS group, the operation procedure was similar to that of the BP group, except that after the nail was
locked, the BP was replaced with a 5-mm cortical screw. Special emphasis should be placed on achieving
adequate visualization of each process on the distal segments until �xation of distal interlocking screws.

Postoperative management
Routine antibiotics and anticoagulants were administered as preventive measures. After 24 h of the
operation, patients were advised to begin an early, active, full range of motion of the ankle and knee joints
within the limits of their comfort. Gradually, weight-bearing was permitted based on the signs of fracture
callus visualized on postoperative radiographs. Radiographs were obtained every month until fracture
union and at 12 months follow up. Coronal and sagittal alignments were evaluated using techniques
described by Freedman and Johnson [19]. Varus and recurvatum angulation were expressed as negative
values, and valgus and antecurvatum as positive values. The radiographs immediately after surgery and
12 months after surgery were used to evaluate the initial reduction and �nal alignment, respectively, and
the angle change between them was used to evaluate the loss of reduction. Mal-alignment was de�ned
as > 5 degrees in any plane. Fracture union was de�ned as full weight-bearing without pain and bridging
callus of 3 or 4 cortices on x-rays. Failure to achieve this at 6 months and/or by additional procedures
undertaken to promote healing was de�ned as nonunion. Functional outcomes of the ankle were
assessed with the American Orthopedic Foot and Ankle Society (AOFAS) score at 12 months follow up.

Statistical analysis
The data were analyzed with the use of SPSS software 25.0 (SPSS, IBM, Armonk, NY, USA). Continuous
data were expressed as mean and standard deviation, and were evaluated using the Student-t test or
Mann Whitney U test based on data distribution. Categorical data were expressed as number and
percentage, and were evaluated by Chi-square test or Fisher exact test, as appropriate. P values < 0.05
were regarded as representing a signi�cant difference.

Results
All 89 patients were followed up for a minimum of 13 months. As indicated in Table 2, the average
operating time of the BP group was signi�cantly shorter than that of the BS group (73.9 vs. 80.2 min, P < 
0.001). There was no signi�cant difference in intraoperative bleeding between the BP and BS groups
(88.2 vs. 92.9 ml, P = 0.341). Six (13.0%) distal �bula fractures in the BP group were plated, and �ve
(11.6%) in the BS group (P = 0.839). In the BP group, 39 fractures were reduced with one BP, and 7
fractures with two. In the BS group, 38 fractures were reduced with one BS, and 5 fractures with two. No
signi�cant differences were seen in this comparison (P = 0.620). The average fracture healing time was
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17.6 weeks in the BP group and 17.4 weeks in the BS group (P = 0.761). A total of 5 (5.6%) cases
developed fracture nonunion, three (6.5%) of which occurred in the BP group, which was not statistically
different between the two groups (P = 0.702). Two patients (4.7%) with nonunion in the BS group were
treated with dynamization. Of three patients in the BP group, one was treated with dynamization, and the
other two patients healed following a bone grafting procedure. All 5 fractures healed uneventfully. Two
patients underwent removal of the permanent BS due to soft tissue irritation(4.7%, P = 0.139 versus BP).
No wound complication requiring additional surgical procedures was observed. At last follow-up, the
average AOFAS score was 82.4 in the BP group and 84.8 in the BS group (P = 0.148). (Table 2)

Table 2
Clinical outcomes

Parameters BP Group (n = 46) BS Group (n = 43) P-value

Operating time(min, mean ± SD ) 73.9 ± 6.1 80.2 ± 8.6 0.001

Intraoperative bleeding (ml, mean ± SD) 88.2 ± 18.0 92.9 ± 26.6 0.341

Distal �bula plate �xation [ n (%)] 6(13.0%) 5(11.6%) 0.839

Number of BP/BS [ n (%)]     0.620

One BP/BS 39(84.8%) 38(88.4%)  

Two BP/BS 7(15.2%) 5(11.6%)  

Fracture healing Time (week, mean ± SD ) 17.6 ± 4.1 17.4 ± 3.2 0.761

Nonunion [ n (%)] 3(6.5%) 2(4.7%) 0.702

Softissue irritation [ n (%)] 0 (0%) 2 (4.7%) 0.139

AOFAS score (mean ± SD ) 82.4 ± 8.4 84.8 ± 7.5 0.148

 

The initial and �nal mal-alignments were detailed in Table 3, and no signi�cant differences were found
between the two groups (all P 0.05). As for the loss of reduction, there was no signi�cant difference in
the sagittal plane between the two groups (P = 0.251). Although the loss of reduction in the coronal plane
of the BP group is statistically higher than that of the BS group, this small difference of about 0.3 degrees
was not clinically important(0.8 vs. 0.5 degrees, P = 0.012). At the last follow-up, the mal-alignment
greater than 5 degrees was identi�ed in 7 patients (7.9%), including four patients in the BP group (8.7%)
and three patients in the BS group (7%, P = 0.763). Six of 7 fractures were initially stabilized in a mal-
aligned position, and the other one underwent a 4-degree loss of reduction during healing. (Table 3)
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Table 3
Radiographic alignment

Parameters BP Group (n=46) BS Group (n=43) P-value

In Coronal plane (degree, mean±SD)      

Initial reduction deformity 0.5±2.3 0.9±2.3 0.464

Final alignment deformity 1.2±2.7 1.3±2.4 0.849

Loss of reduction   0.8±0.7 0.5±0.5 0.012

In Sagittal plane (degree, mean±SD)      

Initial reduction deformity 0.6±2.2 0.6±2.4 0.918

Final alignment deformity 0.9±2.3 1.0±2.2 0.969

Loss of reduction   0.5±0.5 0.6±0.5 0.251

Initial reduction deformity >5 degrees [ n (%)] 3(6.5%) 3(7.0%) 0.932

Final alignment deformity >5 degrees [ n (%)] 4(8.7%) 3(7.0%) 0.763

 

One typical case is presented in Fig. 1.

Discussion
The current study provides the clinical rationale that the temporary BP and permanent BS can achieve
similar clinical and radiographic outcomes in the treatment of distal tibia shaft fractures with IMN.
Although the coronal loss of reduction of the BP group is a bit more than that of the BS group, this small
difference of about 0.3 degree is not clinically important.

The initial reduction of less than 5 degrees was observed in 83 patients, and 82 patients retained it until
the last follow-up. This indicates that a good initial reduction is the key to prevent malunion in the
treatment of distal tibia shaft fracture with IMN, which has also been con�rmed by other studies. A recent
prospective study reported 56 patients with distal tibia shaft fractures �xed with IMNs [7]. 43 patients had
good initial alignment (< 5 degrees), 42 patients maintained it until the fracture healed, and only 1 case
developed from initial good alignment to malunion due to immediate weightbearing against medical
advice. A retrospective study by Vallier et al [5] reported 76 patients with distal tibia shaft fractures �xed
with IMN. 54 patients had good initial alignment of less than 5 degrees, and all of them maintained it
until the fracture healed. Similarly, Guerado et al [14] and Avilucea et al [20] also suggest that a good
initial reduction is the key to prevent malunion. However, the initial mal-reduction rate of the current study
is signi�cantly lower than the reported rate of 23%-29%, which may be related to the fact that the blocking
technique can help achieve a more predictable and accurate reduction [5, 7].
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The BP and BS achieved similar overall alignment. Whilst there was a statistical difference in loss of
reduction in the coronal plane between BP and BS groups (P = 0.012), we do not feel that this small
difference, of about 0.3 degrees is relevant clinically. The permanent BS may not provide an important
clinical improvement in structural stability, which had been con�rmed by a recent biomechanical study.
Chan et al [21] evaluated the mechanical stiffness of the reamed IMN with two distal 5-mm interlocking
screws augmented with or without a medial BS in the treatment of distal tibia fractures. They concluded
that there was no signi�cant difference in mechanical stiffness with or without the BS, and the IMN
�xation alone can provide su�cient stability to allow for immediate weight-bearing. Moreover, De
Giacomo and Tornetta [22] retrospectively analyzed 132 distal tibia fractures �xed with an IMN and
concluded that IMN with two distal interlocking afford adequate stability to hold the reduction during
union. In their study, no signi�cant loss of reduction (average change of 0.9 degrees in both the coronal
and sagittal planes) was observed after surgery. However, in an early reported study, Krettek et al [8]
reported that two BSs placed medial and lateral to an 8-mm IMN increased bending stiffness by 57%
compared with three interlocking screws without BSs. But the small diameter unreamed IMN and 3.9 mm
interlocking screws they used were rarely used today, which may generate heterogeneity.

Previous literature suggested using permanent BS as a supplement to IMN [9, 11, 23, 24]. However, it
must be noticed that our and their studies differed in several aspects. First, their patient group included a
large number of OTA 43 fractures and fracture nonunions. In the present study, we only selected acute,
closed fractures of the distal tibia shaft (OTA 42), which were more stable and easier to heal than
previously reported fractures. Second, our pre-placed BP can guide an accurate reaming and subsequent
tight bone-nail construct [20, 25, 26]. Third, modern perspective technique allows su�cient visualization.
The nail tip can be accurately inserted into the hardest area of the subchondral bone and the distal
interlocking screws can be accurately locked to avoid the “wiper effect” (Fig. 1-g) [27].

In the BS group, it requires an additional intraoperative procedure to replace the temporary Steinmann
pins with screws, but in the BP group, the temporary Steinmann pins can be pulled out directly. This
explains why the operating time was signi�cantly shorter in the BP group [15, 16, 28]. The Steinmann pin
was used during reduction in both groups, and no intraoperative adverse event occured. After surgery, two
patients underwent removal of the permanent BS due to soft tissue irritation, but this is not a signi�cant
difference (P = 0.139). Of note, one patient in the BP group underwent a 4-degree loss of reduction
because the bone around the distal interlocking screws was destroyed during drilling. For such patients,
the addition of a permanent BS may get better results.

The major limitation of our study was its nonrandomized design. This allowed selection bias to obscure
results as surgeons likely treated more di�cult fractures with permanent BSs. Therefore, prospective
studies with large sample size are needed to con�rm the e�ciency of temporary BPs. Another limitation
is that we only evaluated acute, closed fractures of the distal tibia shaft, which were more stable and
easier to heal. Open fractures and OTA 43 fractures should be an area of future research.

Conclusion
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For acute distal tibia shaft fractures, the modern IMN �xation alone can provide su�cient stability to
maintain the reduction during healing. Both temporary BP and permanent BS can help achieve equivalent
overall alignment, but the BP technique is simpler and takes less time.
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Preoperative, intraoperative, and postoperative graphs of a patient with a distal tibia shaft fracture a-c
Preoperative X-ray and CT d The concomitant distal �bula and posterior malleolar fractures were �xed e-f
A blocking pin was introduced to facilitate fracture reduction g-h The blocking pin was removed after the
nail was locked i–j Postoperative X-ray k-l The fracture healed at 17 weeks after surgery


