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a b s t r a c t 

Background: The objective of this study was to compare the outcomes and complications of patients who 

underwent either the calcaneal skeletal traction (CST) or the elastic intramedullary nails (EIN) procedure. 

Methods: We retrospectively reviewed data of patients who underwent EIN or CST surgery for tibia shaft 

fracture at our center from 2013 to 2018. The patient demographics, fracture characteristics, radiographic 

information, length of hospital stay, and medical expenses were recorded. All patients were clinically 

followed-up until they started to walk or for at least 6 months. The treatment outcomes and postopera- 

tive complications of the two procedures were compared. 

Results: Overall, 186 patients who underwent EIN and CST were included in the study. The EIN patients 

had more low-energy mechanism of injury. In radiographic evaluation, significant differences were ob- 

served in distributions of fracture classification and location. Moreover, associated fibula fractures were 

higher in the EIN group than in the CST group. The CST procedure had faster surgical time, cast duration 

and lower expenses, and longer hospitalization time. Although they required more clinical visits, patients 

in the EIN group began exercising and endured weight-bearing earlier than those in the CST group. The 

average time for bone healing was 68.5 days in the EIN group, and 69.6 days in the CST group. However, 

the CST provided slight better results of coronal correction than EIN. Moreover, CST patients had less 

malalignment ( > 5 °) in complications. None had delay union, nonunion, and shortening over 10 mm at 

final assessment. 

Conclusions: Both EIN and CST patients showed similar treatment outcomes. Hence, not only the charac- 

teristics of the patient and fracture, but also the individual’s situation and expectation should be consid- 

ered when choosing the best approach. 

© 2020 Published by Elsevier Ltd. 
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ntroduction 

Tibial shaft fractures (TSF) are extremely common in children

nd adolescents. These fractures result from various causes such

s from high-energy trauma in vehicular accidents to low-energy

amage from sports injuries or falls on level ground [1,2] . There are

ultiple surgical and non-surgical management interventions for

SF such as casting with closed reduction, elastic intramedullary

ailing (EIN), plate osteosynthesis, external fixation, and rigid in-

ramedullary nailing [2] . Surgeons may select any of them based

n the following parameters: age and weight, characteristics of the

ractures, and requirements from the parents. 
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EIN is gaining popularity for treatment of displaced TSF (DTSF)

n children as a result of its small incision, earlier weight-bearing,

n increased range of motion compared with casting, and phy-

eal fracture avoidance. However, implant irritation and a second

urgery for implant removal are still potential disadvantages [2] .

alcaneal skeletal traction (CST) with long-leg casting is a tradi-

ional and prevalent treatment for DTSF in children and adoles-

ents at our center, and in China. Consequently, it is widely ac-

epted by most families and is more manageable as far as sur-

eons are concerned. However, studies on CST are comparatively

are and there are no published studies comparing EIN with CST

n the management of DTSF. There is no clear policy for the treat-

ent of DSTF in our institution especially for older children, with

ome surgeons preferring EIN and others, CST. 

The main objective of this study was to retrospectively analyse

reatment outcomes and complications of DTSF treated with EIN as

pposed to CST in children over 5 years old. 
eletal traction versus elastic intramedullary nailing of displaced 
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Methods 

Patient demographics 

We retrospectively reviewed clinical information and radio-

graphs of all patients treated with EIN and CST for DTSF of the

tibia, from January 2013 to December 2018. A patient was deemed

eligible for the study if (1) age at the time of injury was above 5

years; (2) the fracture was closed and treated by closed reduction;

(3) there was clinical follow-up, either for a radiographic union,

or 6 months from the surgery, detailed records existed. The ex-

clusion criteria for the study were (1) underlying syndromes and

metabolic bone diseases, (2) fracture line extended into the meta-

physis, (3) closed growth plates, and (4) incomplete treatment

records. The design of the study was granted by the investigational

review board (IRB) of our center. 

Injury mechanisms 

The mechanism of the injury that caused the fracture was de-

termined from the medical records. Motor-vehicle collisions, and

pedestrians versus automobile incidents were classified as high-

energy mechanisms, whereas mechanical falls and sporting injuries

were regarded as low-energy mechanisms. The emergency depart-

ment and hospital records were further reviewed for the presence

of coincident traumatic injuries, such as head injuries, solid-organ

injuries, and other fractures. 

Fracture characteristics 

Pre-reduction radiographs for each patient were evaluated and

classified according to the AO paediatric comprehensive classifica-

tion of long bone fractures (PCCF) classification system [3] . In ad-

dition, injury films were also assessed for the angulation, shorten-

ing, displacement, and location of the diaphysis and its associated

fibula fracture. 

Surgical techniques 

For the CST, we first drew a line to connect the lateral malle-

olus and heel before the operation, then the line was equally di-

vided into 3 parts by 2 points. The outer point was the optimal

location of the percutaneous K-wire. Thereafter, the pin was ham-

mered across the calcaneus, perpendicular to the limb. The pri-

mary tractive weight was 1/10 of the patient’s body weight up to

a maximum 3.5 kg. This was adjusted based on periodic bedside

radiographs to ensure the fracture was satisfactorily aligned with-

out shortening or lengthening. Once callus occurred, we removed

the traction pin and fixed the patient’s limb with a polymer plaster

long-leg cast. This could also be done under local anaesthesia for

compliable patients to avoid another general anesthesia. For EIN,

we used the standard method to perform the procedure as de-

scribed by Flynn et al. [4] . 

Treatment outcomes 

Hospital charts were reviewed for relevant clinical and demo-

graphic information. The date of injury, duration of surgery, length

of hospital stay, and hospitalization expenses were also recorded.

Patients were followed up with serial clinical visits, and radio-

graphs were obtained until they were finally healed, or until 6

months after the index procedure. Healing occurred when the frac-

ture lines faded, and the callus bridging across 3 of the 4 cortices,

on both anteroposterior and lateral radiographs, appeared [5] . In

addition, fracture alignment at the final assessment and changes
Please cite this article as: S. Zeng, H. Deng, T. Zhu et al., Calcaneal sk

tibial shaft fractures in children, Injury, https://doi.org/10.1016/j.injury.2
n alignment were measured. Coronal alignment was also mea-

ured from the anteroposterior radiographs, and sagittal alignment

as assessed on lateral films. In addition, fracture shortening was

easured as the vertical displacement of the non-opposed fracture

nds. Additional patient data were gathered from the final follow-

p time records, including total number of X-rays, clinical visits,

nd complications. 

omplications 

Compartment syndrome (CS), venous thromboembolic events

VTE), and respiratory infections (RI) were checked from hospital

ecords. Postoperative complications were defined as follows [3,6] ,:

1) delayed union: union over 6 months; (2) non-union: union af-

er 9 months or union with an additional procedure; (3) malunion:

alalignment of over 10 ° in the coronal or sagittal planes and (4)

hortening of over 10 mm. 

tatistical analysis 

Data are presented as average and standard deviation; count

nd percentages are used appropriately. The ANOVA or Kruskal-

allis tests were used for the comparison of continuous paramet-

ic variables between the 2 groups according to the homogeneity

est of variances. The Pearson’s chi-squared test or Yates continu-

ty correction were used for dichotomous variables. A P value less

han 0.05 was considered statistically significant. Lastly, SPSS v.23

as utilized to perform analysis (SPSS Inc., Chicago, IL). 

esults 

atients’ demographics and injury mechanisms 

Out of the 186 patients who were included in the study, 122

ere treated with EIN, and 64 were treated with CST. The treat-

ent decision was made by the orthopaedic surgeon based on

he following; injury X-ray films, technical experience, personal cir-

umstances of the patients, and their treatment attempts. Further-

ore, the average age, weight, and gender of the patients in both

he EIN and CST groups were shown in demographic data ( Table 1 ),

hich revealed no difference between the groups with respect to

ge and gender ( P > 0.05). However, the weight and injury data

howed some differences between the 2 groups ( P < 0.001). Pa-

ients in the EIN group were heavier and had lower energy mech-

nisms of injury. This might be because of their older ages and

igher alertness. 

racture characteristics 

Fracture characteristics and alignment data of each cohort are

ummarized in Table 2 . We observed a significant difference in the

istribution of the fracture classification ( P = 0.003). There was

 higher percentage of the simple transverse fracture (32.8% vs.

5.6%), while that of the multifragmentary oblique/spiral fracture

as lower (6.2% vs. 25.4%) in the CST group. Patients treated with

IN had significantly more midshaft tibial fractures and associated

bula fractures (67.2% vs. 25% and 95.1% vs. 75%, P < 0.001). No

ther differences were noted between the groups with respect to

he angulation, shortening, and displacement of fractures. 

reatment outcome 

Patients in the EIN group who stayed in hospital for 6.5 ± 3.8

ays had a mean surgical time of 72.5 ± 34.6 min. All patients

ere casted on average for 31.7 ± 19.0 days. Some had their cast

eplaced with an external brace because of its convenience and
eletal traction versus elastic intramedullary nailing of displaced 
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Table 1 

Patients demographics and mechanism of injury. 

EIN ( n = 122) CST ( n = 64) P 

Age (y) 7.3 ± 2.3 6.7 ± 1.9 0.09 

Weight (kg) 27.8 ± 10.2 22.7 ± 6.5 < 0.001 

Male [n (%)] 80 (65.6) 41 (64.0) 0.83 

Mechanism of injury High-energy: 53 (43.4) High-energy: 44 (68.8) < 0.001 

[n (%)] Low-energy: 69 (56.6) Low-energy: 20 (31.2) 

EIN indicates elastic intramedullary nailing; CST indicates calcaneal skeletal traction. 

Table 2 

Fracture characteristics. 

EIN ( n = 122) CST ( n = 64) P 

AO PCCF classification [n (%)] 

4.1 (simple transverse) 19 (15.6) 21 (32.8) 0.003 

4.2 (multifragmentary transverse) 4 (3.3) 3 (4.7) 

5.1 (simple oblique/spiral) 68 (55.7) 36 (56.3) 

5.2 (multifragmentary oblique/spiral) 31 (25.4) 4 (6.2) 

Location of fracture [n (%)] Midshaft: 82 (67.2) Midshaft: 16 (25.0) < 0.001 

Distal: 40 (32.8) Distal: 48 (75.0) 

Angulation (degree) 

Coronal plane 6.4 ± 5.9 7.7 ± 6.0 0.232 

Sagittal plane 5.3 ± 3.9 5.6 ± 3.8 0.562 

Shortening (mm) 4.2 ± 2.8 3.9 ± 4.1 0.648 

Displacement (mm) 4.0 ± 2.3 3.5 ± 2.4 0.291 

Fibula fracture [n (%)] 116 (95.1) 48 (75) < 0.001 

EIN indicates elastic intramedullary nailing; CST indicates calcaneal skeletal traction. 

Table 3 

Treatment outcomes. 

EIN ( n = 122) CST ( n = 64) P 

Surgical time (min) 72.5 ± 34.6 22.8 ± 11.5 < 0.001 

Hospital stays (day) 6.5 ± 3.8 26.9 ± 8.4 < 0.001 

Cast duration (day) 57.8 ± 25.5 43.1 ± 20.7 < 0.001 

Postoperative clinic visits (n) 7.4 ± 2.8 3.0 ± 1.4 < 0.001 

Total X-rays (n) 6.9 ± 1.9 7.3 ± 1.6 0.157 

Time to union (day) 68.5 ± 17.9 69.6 ± 16.0 0.420 

Functional exercises (day) 65.0 ± 22.6 77.2 ± 18.1 < 0.001 

Weight-bearing (day) 79.8 ± 22.6 92.5 ± 17.5 < 0.001 

Healed angulation (degree) 

Coronal plane 2.9 ± 2.2 2.6 ± 1.8 0.458 

Sagittal plane 2.9 ± 2.0 2.8 ± 2.2 0.853 

Shortening (mm) 1.0 ± 1.8 0.7 ± 1.5 0.205 

Changes in angulation (degree) 

Coronal plane 3.5 ± 5.9 5.2 ± 5.7 0.063 

Sagittal plane 3.1 ± 3.7 3.4 ± 3.4 0.660 

Change in shortening (mm) 2.7 ± 2.7 2.6 ± 2.3 0.799 

Implants duration (day) EIN: 149.7 ± 26.7 TP: 22.7 ± 6.4 

Hospitalization expenses (RMB) 20,435.6 ± 5631.9 8468.3 ± 2793.0 < 0.001 

EIN indicates elastic intramedullary nailing; CST indicates calcaneal skeletal traction;TP indicates traction 

pin. 
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ortability. Furthermore, they had clinical followed-ups 7.4 ± 2.8

imes and received postoperative X-rays 6.9 ± 1.9 times until the

ractures healed every 1–2 weeks. After 65.0 ± 22.6 days, pa-

ients were encouraged to perform some proper exercises and al-

owed to bear weight 79.8 ± 22.6 days later. All fractures healed

ith a mean time of 68.5 ± 17.9 days, and the EIN was removed

49.7 ± 26.7 days after surgery ( Table 3 ). 

In the healing radiographic assessment, patients had achieved

ean alignment with 2.9 ± 2.2 ° in the coronal plane and

.9 ± 2.0 ° in the sagittal plane. Furthermore, the EIN procedure

orrected 3.5 ± 5.9 and 3.1 ± 3.7 ° in the coronal and the sagit-

al planes respectively. The mean cost of both hospitalization and

reatment was 20,435.6 ± 5631.9 RMB. 

For patients in the CST group, their mean surgical time was

2.8 ± 11.5 min, and they stayed in hospital for a mean time of

6.9 ± 8.4 days. All patients in the CST group were casted on av-

rage for 43.0 ± 20.9 days and afterwards, the cast was replaced

ith a removable brace. They had fewer clinical visits than patients
 n  

Please cite this article as: S. Zeng, H. Deng, T. Zhu et al., Calcaneal sk

tibial shaft fractures in children, Injury, https://doi.org/10.1016/j.injury.2
n the EIN group (3.0 ± 1.4 times, p < 0.001); however, the total

-rays in both groups were similar (7.3 ± 1.6 times, P = 0.157). Af-

er 78.7 ± 20.6 days, patients were encouraged to start exercising

nd allowed to begin weight-bearing at 98.0 ± 20.6 days. As a re-

ult, all fractures healed with a mean time of 69.6 ± 15.9 days. The

lms of the healed fractures showed that the average angulations

ere 2.6 ± 1.8 ° in the coronal plane and 2.8 ± 2.2 ° in the sagit-

al plane, with mean shortening of 0.7 ± 1.5 mm. Moreover, the

hanges in angulation in the coronal and the sagittal planes were

.2 ± 5.7 and 3.4 ± 3.4 ° respectively, and shortening was improved

y 2.6 ± 2.3 mm. 

omplications 

After surgery, 2 patients (1.6%) in the EIN group who devel-

ped compartment syndrome, which was reported to be 2% and

.5% [ 5 , 6 ], were cured by conservative treatment and subsequently

either of them had further complications. In addition, 1 patient
eletal traction versus elastic intramedullary nailing of displaced 
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Table 4 

Complications. 

EIN ( n = 122) CST ( n = 64) P 

Compartment syndrome [n (%)] 2 (1.6) 3 (4.6) 0.457 

Venous thromboembolic events [n (%)] 0 0 

Respiratory infection [n (%)] 1 (0.8) 3 (4.6) 0.232 

Malalignment ( > 5 °) 28 (23) 7 (11) 0.046 

Malunion ( > 10 °) 1 (0.8) 1 (1.6) 0.641 

Delay union 0 0 

Non-union 0 0 

Shortening > 10mm 0 0 

EIN indicates elastic intramedullary nailing; CST indicates calcaneal skeletal traction. 
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had a respiratory infection. There were 28 healed patients (23%)

with mild malalignment (5–10 °). Malunion occurred in 1 patient

(0.8%); a 5-year-old girl with a fractured distal tibia and fibula from

a vehicular collision. The preoperative angulations were 12.2 ° val-

gus and 8.1 ° procurvatum, with 1.8 mm shortening and 2.1 mm

displacement. After surgery, she still had a 13.0 ° valgus and 6.0 °
procurvatum deformity until the fracture union. However, with the

persistent correction of the EIN, she finally achieved acceptable

alignment without an additional operation, and the nails were re-

moved uneventfully 223 days after surgery. In the CST group, 3 pa-

tients (4.6%) had early stage compartment syndrome after surgery.

However, without external pressure, they were soon cured by med-

ications. Respiratory infection developed in 3 (4.6%) cases, which

may have resulted from the long stay in bed or nosocomial infec-

tions. Fifty-four patients (89%), in anatomic positions, healed with

excellent alignments, while 63 (98.4%) healed within 10 ° angular

deformity. Malunion occurred in 1 (1.6%) case; a 7-year-old boy

who had a ground level fall, resulting in a distal tibia and fibula

fracture. The initial X-ray films showed 10.0 ° valgus and 6.3 ° re-

curvatum without shortening and displacement. After the CST and

casting, the fracture healed within 66 days, with 4.8 ° valgus and

15.0 ° recurvatum deformity The malunion was corrected by pro-

longed casting. Similarly, no delayed union, non-union, or shorten-

ing above 10 mm was found in this group ( Table 4 ). 

All patients returned to their activities without symptomatic

complications at the final clinical visit. Although some cases had

muscle weakness, the range of motion of the injured limb was

nearly normal. 

Comparison 

While comparing the EIN group with the CST group, the sur-

gical time for CST was approximately 50 min faster than that for

EIN ( P < 0.001). However, patients needed approximately 20 days

more in hospital for traction ( P < 0.001). The EIN group required

an approximate 2 weeks immobilization ( P < 0.001) and had 4

times more clinical visits ( P < 0.001). In addition, although there

were no significant differences in union time between the groups,

the EIN group began functional exercises and weight-bearing 12

days earlier ( P < 0.001). For the alignment outcomes, no signifi-

cant difference was observed in sagittal angulation and shortening

changes between both groups. However, the CST group tended to-

wards more coronal angulation corrections ( P = 0.063). Consider-

ing the cost, the mean treatment expenses of the EIN was more

than twice the CST cost ( P < 0.001). 

Discussion 

To date, this is the first and largest study that compares the

outcomes of EIN with CST for the treatment of displaced tibial

shaft fractures in a Chinese population. There were noticeable sig-

nificant differences in the mechanism of injury and fracture char-
Please cite this article as: S. Zeng, H. Deng, T. Zhu et al., Calcaneal sk
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cteristics between the two groups. In the EIN group, the inci-

ence of low-energy injuries was higher (56.6%) than in the CST

roup, and the fracture types were mainly simple oblique and

piral fractures (55.7%), followed by multifragmentary spiral and

blique fractures (25.4%). Midshaft fracture accounted for about

7.2% of cases. However, in the CST group, the proportion of high-

nergy injuries was higher (68.8%). Simple oblique or spiral frac-

ures (56.3%) were also the most common type of fracture, fol-

owed by simple transverse fractures (32.8%). Distal tibia fractures

ccounted for 75% of cases. 

We thought the differences were because the ideal patients for

IN were those with transverse, length-stable, midshaft tibial frac-

ures [2] , while traction was more suitable for patients with high

isks of unacceptable shortening, which was more likely in chil-

ren older than 6 years or in children with high-energy injuries

7] . The surgeon considers these factors when choosing the ap-

ropriate treatment modality. Hence, the EIN group comprised pa-

ients with midshaft fractures due to low-energy injuries, and low-

nergy injuries are more likely to lead to oblique and spiral frac-

ures because of the mechanisms of applied force [8] . The CST

roup mainly consisted of distal tibial fractures due to high-energy

njuries. In addition to simple oblique and spiral fractures, high-

nergy direct trauma was more likely to lead to transverse frac-

ures [8] . Concerning the weight and age of the patients, previous

tudies confirmed that poor outcomes of EIN were associated with

ncreasing age and higher body mass index [9] . Finally, regarding

arents’ concerns and expectations, the risks and benefits of treat-

ent should be discussed with the parents to allay their fears [7] .

owever, the surgeon’s proficiency and experience with each op-

ration also played an important role. This implies that a certain

egree of selection bias existed. Therefore, the differences between

he two groups were inevitable. 

Predictably this study showed that both approaches provided

atisfactory outcomes. However, we noted the different advantages

nd disadvantages of each procedure. Patients in the EIN group

ad a shorter stay in hospital, and began functional exercises and

eight-bearing earlier than subjects in the CST group. This was

robably because the effective internal fixation provided patients

 faster recovery of motion than the isolated external fixation. In

ddition, early weight-bearing was probably beneficial for patients

ith transverse tibial shaft fractures that were treated by EIN [10] .

ome studies report that tibial shaft fractures can be treated suc-

essfully without cast immobilization [11] [12] ,. However, patients

ncurred higher expenses, had more clinical visits, and underwent

 surgeries under general anaesthesia simultaneously. Prior to this

tudy, we thought that CST would be better than EIN in the short-

ning correction. However, gaps between the fracture showed up

n some of the postoperative X-ray films in the EIN group. This

ould be because the nail pushed the distal fracture site away

hen the surgeon placed it and reversed the shortening. Hence,

urgeons need to pay attention to this and check the EIN location

y intraoperative radiography to prevent excessive lengthening. 
eletal traction versus elastic intramedullary nailing of displaced 
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Fig. 1. Radiographs of the left tibia (A, B) and right tibia (C, D) of the 6-year-old 

boy at the time of trauma. The long oblique fracture of the left distal tibia occurred 

in December 2018, and the fracture of the right tibia with similar type occurred in 

July 2019. 

Fig. 2. Radiographs of the left tibia (A, B) treated with elastic intramedullary nail- 

ing, and right tibia (C, D) treated with calcaneal skeletal traction 2 weeks postoper- 

atively. 
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EIN has always been a straightforward and effective internal

xation method for long bone fractures in children since Ligier,

t al. [13] initial report from France. This is now known as “the

ift from god to children” in China. Since then, the scope of treat-

ent with EIN is wider than before. Research has shown that EIN

an be used for femoral shaft fractures in patients who are 2 years

ld to school-age, who weigh a maximum of 50 kg [14] [15] ,. The

IN technique is also reliable for tibia fractures in patients younger

han 16 years who weigh between 21 to 122 kg [9] . However,

IN has potential disadvantages that may be unacceptable to the

eneral Chinese population. The disadvantages of EIN which make

t less appealing to parents are as follows; the second surgery

nder is general anaesthesia, hospitalization of children for nail

emoval, more time commitment, and higher expenses. Besides,

eta-analysis conducted by Stenroos, et al. [16] showed that pa-

ients treated with EIN had a higher incidence of complications

han those conservatively treated (24% vs. 9%). Additionally, after

pending a lot of time and money, it is difficult for parents to ac-

ept complications or extra operations which are inevitable dur-

ng the process. Similarly, most pediatric orthopaedists at our cen-

er are not willing to take treatment failure risks because of the

eavy workload and strained patient-doctor relationship with Chi-

ese doctors [17] . Consequently, these factors make CST another

ood option for the treatment of displaced tibial shaft fractures. 

CST is a incision-free treatment with a shorter surgical time,

 wide range of indications, and is more economical. Additionally,

his procedure can be done under spinal anaesthesia in older com-

liable children. Although the CST procedure is simple, some com-

lications may arise. If the pin goes in too deep, there could be

amage to the posterior tibial artery. In addition, if traction tends

utwards, recurvatum may occur as exemplified by the patient

ith malunion in the CST group. Although the CST costs longer

ospitalization, it can significantly maintain the alignment per-

istently to avoid shortening and malunion, without affecting the

nion time. If a procedure achieves better alignment, then longer

mmobilization is not a shortcoming of a treatment. This is be-

ause correcting a malunion is harder than regaining motility of a

imb in children 

2 . Additionally, when the patient is transferred to

 cast after traction, the fracture would have begun to heal. Conse-

uently the casting time of CST was 2 weeks shorter than that of

IN, which decreased casting related problems and shortened the

ncomfortable period. 

Objectively, several factors play an important role in determin-

ng the treatment of DTSF at our center. Firstly, the cost of treat-

ent is always a crucial problem compared to developing coun-

ries. Most patients without medical insurance are more likely to

hoose a more economic treatment even if it would cost them

ore time. Secondly, the number of emergency patients who need

urgery. As the only paediatric specialized hospital in this area, we

ay receive 7 trauma cases on average in a single day. This may

ncrease up to 20 during summer vacation. Therefore, we must

reat them as efficiently as possible if many operations are re-

uired, because more emergency patients could come the follow-

ng day. 

An unfortunate but valuable case in the EIN group should be

iscussed. A 6-year-old boy admitted to our hospital in December

018 for left TSF ( Fig. 1 A, B) had closed reduction with EIN fixa-

ion surgery. After follow-up, he successfully returned to daily ac-

ivities about 3 months postoperatively. However, in July 2019, he

resented to our hospital again because of a similar type of right

SF ( Fig. 1 C, D). This time we recommended that his parents se-

ect CST for him. This was because after the completion of trac-

ion, we could cast his right leg and remove the EIN in the left

ibia in 1 operation. Finally, we conducted the operation 25 days

fter traction. This was an extremely rare case of a treatment in-

olving both EIN and CST, which could help us compare the out-
Please cite this article as: S. Zeng, H. Deng, T. Zhu et al., Calcaneal sk
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omes of both procedures in 1 individual. It is rather unfortunate

hat his secondary fracture was not included in this study owing

o the dates of this study. However, the radiographs were still ob-

ained from routine clinical follow-up ( Figs. 2-4 ), which was halted

ecause of the Coronavirus Disease 2019 (COVID-19) pandemic. As

 result of this, we failed to take radiographs of the right tibia at 6

onths’ follow-up. The radiographs revealed that the fractures in

oth tibia healed in anatomically correct positions without malu-

ion or shortening. Nonetheless, the long-term follow-up of this

atient is warranted to further compare the outcomes of CST and

IN. 

There are several limitations to this study. First is the nature

f the retrospective study for which data were collected and re-

iewed. Additionally, patients were followed up only for 6 months

r until radiographic healing. Thus, the long-term outcome mea-

ures are not included. Finally, the initial treatment method was

etermined by the emergency surgeon who decided to admit the

atient, and the senior orthopaedic surgeon in the ward who ac-

ually managed each case depending on their experience. It is
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Fig. 3. Radiographs of the left tibia (A, B) treated with elastic intramedullary nail- 

ing, and right tibia (C, D) treated with calcaneal skeletal traction at 3 months’ 

follow-up. 

Fig. 4. Radiographs of the left tibia 6 months after elastic intramedullary nailing 

surgery with the nails removed. 
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difficult to account for surgeon bias to determine why each of

the treatment approaches were selected. Furthermore, the decision

could be influenced by considering the different expectations and

economic capabilities of the guardians. However, those would be

perhaps more reflective of actual clinical practice. 
Please cite this article as: S. Zeng, H. Deng, T. Zhu et al., Calcaneal sk

tibial shaft fractures in children, Injury, https://doi.org/10.1016/j.injury.2
onclusion 

This study revealed that both procedures have acceptable clin-

cal and radiographical results at final follow-up. However, each

rocedure has its own comparative advantages and favourable con-

itions. Patients with EIN had shorter hospital stays and faster re-

overy, which complies with the concept of enhanced recovery af-

er surgery (ERAS). The CST procedure, however, provided a faster

urgical time and a slightly better correction of coronal angulation

ith a lower rate of malalignment and economic costs. Further-

ore, the shorter casting time reduced casting related problems

nd patient’s discomfort. Therefore, a variety of factors should be

onsidered when determining the optimal initial intervention for

ach individual patient, even in different regions. 
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