
Page 1/13

Optimal operative choice for displaced midshaft
clavicle fractures in adolescents: a comparative
study of intramedullary �exible nails and plating
Jin Li 

Wuhan Union Hospital
Saroj Rai 

National Academy of Sciences
Renhao Ze 

Wuhan Union Hospital
Xin Tang 

Wuhan Union Hospital
Ruikang Liu 

Huazhong Univeristy of Science and Technology
Pan Hong  (  hongpan2013@foxmail.com )

Wuhan Union Hospital https://orcid.org/0000-0003-2674-3016

Research article

Keywords: clavicle fracture, adolescent, elastic stable intramedullary nail

Posted Date: April 10th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-21710/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-21710/v1
mailto:hongpan2013@foxmail.com
https://orcid.org/0000-0003-2674-3016
https://doi.org/10.21203/rs.3.rs-21710/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Background: Traditionally, operative treatment for displaced midshaft clavicle fractures in adolescents
has been achieved by a plate and screws. However, a minimally invasive trend in most of the surgeries
has led the pediatric orthopedic surgeons to use elastic stable intramedullary nail (ESIN) for displaced
midshaft clavicle fractures. This study aims to compare the clinical outcomes of adolescent patients who
were surgically treated with the (ESIN) and plate for displaced midshaft clavicle fractures.

Methods: A total of 73 patients, aged between 10 years and 14 years, with displaced midshaft clavicle
fractures were treated surgically from January 2014 to January 2018. Patients were categorized into two
groups, ESIN (n = 45; male 27, female 18) and plate (n = 28; male17, female 11) according to surgical
technique. The preoperative data, including baseline information of the patients, radiographic parameters,
and types of surgical procedure, were collected from the hospital database. The postoperative data,
including clinical outcome and complications, were collected during the follow-up visit. Clinical outcome
was evaluated using the American Shoulder and Elbow Surgeons (ASES).

Results: The average age of the patients in the ESIN group was 12.2±1.5 years, and that in the Plate
group was 12.2±1.4 years. There was a signi�cantly less operative time, reduced estimated blood loss
(EBL), shortened hospital stay and smaller incision for ESIN group as compared to the Plate group
(P<0.01). The rate of scar concern was much higher in plate (14/28, 50%) than ESIN (2/45, 4.4%) , (P
<0.01). There was no statistically signi�cant difference in shoulder function between the ESIN group
(94.5±2.8) and the Plate group (95.1±2.7), P = 0.36. In all the cases, implant removal was performed
between 4 and 12 months postoperatively, and the ESIN group had signi�cantly less operative time, EBL
and shortened hospital stay as compared to the plate for implant removal (P<0.01).

Conclusion: Both the ESIN and Plate are safe and effective treatment methods for displaced midshaft
clavicle fractures in adolescents. The ESIN is superior to plate in terms of shorter operative time, less
intraoperative radiation exposure, shorter hospital stay, less scar concern and easier implant removals.
However, ESIN for heavier kids remain cautious.

Background
The clavicle fracture is one of the most common fractures in the pediatric population and accounts for
about 10-15% of all fractures[1]. The midshaft fracture of the clavicle is the most commonly involved
anatomical location [2]. In adults, there has been an increasing trend toward operative interventions due
to reported better functional outcomes[3,4,5]. However, the management of displaced midshaft clavicle
fractures in adolescents remain poorly investigated with a paucity of robust evidence[6,7,8].

There is a debate on surgical intervention in clavicle fractures in adolescents as the fractures heal
exceptionally faster with perfect remodeling. The absolute indications of surgery in adolescents are open
clavicle fracture, �oating shoulder and associated neurovascular injuries [9]. Still, surgical treatment is
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gaining popularity among surgeons for displaced midshaft clavicle fractures in adolescents for better
pain management, earlier return to school, less risk of malunion and nonunion.

Traditionally, operative treatment has been achieved by plate and screws[7,10,11]. Recently,
intramedullary �xation is gaining increased interest in the literature[12,13]. To the author's knowledge,
there is no head-to-head comparison between the elastic stable intramedullary nail (ESIN) and the plate
�xation for displaced midshaft clavicle fractures in adolescents. This study aims to compare the clinical
outcomes of adolescent patients who were surgically treated with the (ESIN) and plate for displaced
midshaft clavicle fractures.

Methods
Patients:

A total of 73 patients, aged between 10 years and 14 years, with displaced midshaft clavicle fractures
were treated surgically in our hospital from January 2014 to January 2018. Patients were categorized
into the ESIN group and the plate group. Total of 45 patients, including 27 males and 18 females, were
included in the ESIN group and 28 patients, including 17 males and 11 females, were included in the Plate
group.

Inclusion criteria were: 1) Patients aged between 10 years and 14 years with, 2) displaced midshaft
clavicle fracture with, 3) no or minimal comminution.

Exclusion criteria were: 1) Patients aged > 14 years and < 13 years, 2) comminuted fracture, 3)
pathological fracture, 4) metabolic disease, 5) neuromuscular disorder, 6) open fracture, 7) overweight
patients (50 kg or more), 8) previous history of ipsilateral clavicle fracture and 9) follow-up period of less
than 24 months.

The preoperative data, including baseline information of the patients, radiographic parameters, and types
of surgical procedure, were collected from the hospital database.The postoperative data, including
clinical outcomes and any complications, were collected during the follow-up visit.

Visual analogue score (VAS) was used to evaluate the postoperative pain and American Shoulder and
Elbow Surgeons (ASES) score was used to evaluate the clinical outcomes[14].

Surgical technique for ESIN (See Figure 1)

The surgery was performed under general anesthesia. The patient was placed on the supine position on a
radiolucent table with a radiolucent bolster between the scapulae. A small skin incision, 1.5 to 3 cm, was
made at the fracture site. After the visualization of fracture fragment, the intramedullary canal was
reamed using a Kirschner wire (K-wire) from the fracture site to the posterolateral aspect of the clavicle
until the k wire comes out of the skin. The exit point of on the lateral aspect of the clavicle is the entry
portal of the ESIN. The diameter of the K-wire should be equal to that of the desired ESIN. Then, the
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fracture was reduced by open reduction, and the reduction was maintained with a tenaculum. The desired
sized nail was, then, inserted from the entry portal and passed through the fracture as medial as possible.
The wound was washed meticulously with normal saline and closed by an absorbable suture.

Surgical technique for plating (See Figure 2)

The surgery was performed under general anaesthesia. The patient was placed on the supine position on
a radiolucent table with a radiolucent bolster between the scapulae. An incision, 4cm to 7cm, was made
along the clavicle. Once the fracture was completely visualized, open reduction was performed.
Tenaculum or reduction clamps were used to re-position the fragments. Then a plate of 6 to 8 holes was
used to �xate the fracture with at least 4 to 6 cortices on either side of the fracture line. The wound was
washed meticulously with normal saline and closed by an absorbable suture.

Postoperative care

Arm sling was used to immobilize shoulder for 1 to 2 weeks. Active shoulder exercises were encouraged
as soon as the pain is reduced. Patients were followed-up in every 1 to 2 months at the out-patient clinic.

Sports activities were allowed according to the radiographic and clinical signs of fracture union.

Elective removal of implants

The ESIN was usually scheduled for removal at about 4 to 6 months and that of Plate at about 7 to 12
months after the surgery. The shoulder function was evaluated according to ASES at every 3 to 6 month
after hardware removal [14].

This study was approved by the Ethics Committee of Tongji Medical College, Huazhong University of
Science and Technology. Written consent was obtained from the patient's legal guardians.

Statistical analysis:

We used SPSS software for the data analysis. All descriptive data were presented as the mean±SD.
Statistical analysis was performed using SPSS (SPSS Inc, Chicago, IL). A P-value of < 0.05 is regarded as
statistical signi�cance.

Results
Table 1 shows the demographic parameters of the patients. No statistically signi�cant difference existed
between the ESIN group and the Plate group, including sex, age, affected side and weight of the
patients(P<0.01). All the patients were followed up for 24 months or more. There was a statistically
signi�cant shorter operative time, reduced estimated blood loss (EBL), shortened hospital stay and
shorter incision length for the ESIN group as compared the Plate group (P<0.01)(Table 2).

Table 1 Patient demographic
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Parameters ESIN (N=45) Plate(N=28) P value

Sex Male 27 17 0.96

Female 18 11

Side Left 18 11 0.96

Right 27 17

Age (y) 12.2±1.5 12.2±1.4 0.97

Weight (kg) 38.9±5.2 39.1±5.3 0.87

Injury to surgery (d) 2.0±0.9 2.2±0.8 0.43

ESIN = elastic stable intramedullary nail

 

Table 2 Operative parameters for fracture surgery

Parameters ESIN (N=45) Plate(N=28) P value

Operative time (min) 31.1±0.5 59.8±6.6 <0.01

EBL (ml) 10.4±3.9 31.1±9.6 <0.01

Length of stay (days) 4.0±0.8 6.0±0.8 <0.01

Length of incision (cm) 2.4±0.5 4.8±0.8 <0.01

EBL = estimated blood loss

 

Signi�cant alleviation of pain was noticed in both the groups after the surgery (Table 3). According to
VAS, there was no statistically signi�cant difference between the ESIN group and the Plate group at
postoperative day 1 (P = 0.39) and average pain response at the �rst 3 days after surgery(P = 0.38).

Table 3 pain management

Parameters ESIN (N=45) Plate(N=28) P value

VAS before surgery 7.0±0.8 7.0±0.8 0.86

VAS (1st day ) 4.8±0.8 5.0±0.8 0.39

VAS (1-3 days) 2.8±0.8 3.0±0.8 0.38

VAS = visual analogue scale
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As shown in Table 4, there was no case of nonunion in both groups. But, 2 patients (7.1%) in the Plate
group suffered refracture after implant removal. The rate of implant prominence was higher in the ESIN
(44.4%) than the Plate group (32.1%). The rate of surgical site infection (SSI) was low in the ESIN group
(4.4%) and plate (7.1%), however, there was no statistically signi�cant difference between the groups(P =
0.60). The rate of aesthetic concern was much higher in the plate (50%) than ESIN (4.4%), (P <0.01).
Implant removal was performed after 4 to 12 months after the surgery. According to the ASES score, there
was no statistically signi�cant difference between shoulder function. The ASES score in the ESIN group
was 94.5±2.8, and that of the Plate group was 95.1±2.7 (P = 0.36).

Table 4 Outcomes and complications after surgery

Complication ESIN (N=45) Plate(N=28) P value

Loss of reduction 0 0 1

Non-union 0 0 1

Refracture 0 2(7.1%) 0.08

Major complications 0 2(7.1%) 0.08

Implant prominence 20(44.4%) 9(32.1%) 0.30

SSI 2(4.4%) 2(7.1%) 0.60

Scar concern 2(4.4%) 14(50%) <0.01

ASES 94.5±2.8 95.1±2.7 0.36

Major complications: loss of reduction, non-union, refracture

SSI: surgical site infection

 

As in Table 5, there was signi�cantly reduced operative time, EBL and shortened hospital stay for the
ESIN group as compared to the Plate group for hardware removal (P<0.01).

Table 5. Clinical parameters for elective surgery of implant removal
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Parameters ESIN (N=45) Plate(N=28) P value

Operative time (min) 10.0±3.2 35.0±2.8 <0.01

EBL 7.8±2.5 23.8±5.6 <0.01

Length of stay (day) 1.8±0.8 4.0±0.8 <0.01

ASES = American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; EBL =
estimated blood loss 

Discussion
Both the ESIN group and the Plate group produced satisfactory clinical outcomes for displaced midshaft
clavicle fractures in adolescents. ESIN is superior to plate with shorter operative time, shorter hospital
stay, less aesthetic concern and easier implant removal.

Operative management is gaining popularity for clavicle fractures in adults because of better clinical
outcomes[15,16]. Children and adolescents are traditionally treated with nonoperative methods due to
their remarkable healing and remodeling potential [17]. In this group of the population, nonoperative
management results in good functional outcomes [18,19,20]. However, many surgeons are still
performing surgery to treat clavicle fractures in skeletally immature patients as the surgery has the
advantage of earlier return to school, better pain response, and less risk of malunion and nonunion,
however, the level 1 evidence is still lacking [7,10,21].

In our study, clinical outcomes after operative management, regardless of the ESIN or plating, were
satisfactory and consistent with previous reports[22,23,24]. There were no statistically signi�cant
differences in terms of shoulder functions and complications between the two groups. There was no case
of nonunion or malunion in both groups.

Evidently, ESIN demonstrated the advantages of minimally invasive approach with a smaller incision,
faster surgery, and shorter hospital stay than the plate. Contrast to the previous report of medial to lateral
advancement of nail[13,22], ESIN was advanced from lateral to medial in our study. The tip was well
buried beneath the skin of the posterolateral aspect of the clavicle.

Previous studies reported the early complications such as nail breakage, bending and threatened skin
perforation in the ESIN group [12,22,25]. However, these early complications were not signi�cant in our
study, possibly because of routine immobilization in an arm sling for �rst 1 to 2 weeks and good patient
compliance. 

In our study, refracture occurred in 2 patients that was consistent with previous reports [11,20,25], and
both the fractures resulted from accidental fall after plate removal.
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According to previous reports[19,26,27], the rate of dissatisfaction with the scar after operative treatments
ranged from 11% to 20%. In our study, the rate of aesthetic concern for scar was much higher in the plate
group (50%) than in the ESIN (4.4%) group, because the length of incision was signi�cantly longer in
Plate group.

Removal of hardware was routinely performed in our institute. As shown in result, the removal of ESIN
was much easier than a plate with less operative time, less EBL and shorter hospital stay.Removal of
ESIN was usually scheduled 4 to 6 months after primary surgery with a small incision on the
posterolateral aspect of the clavicle. Removal of Plate was normally scheduled 7 to 12 months after
primary surgery, with the same incision as primary surgery.

There were several limitations to our study. Firstly, heavier kids over 50 kilograms were not included. As
the obesity is getting prevalent among teenagers, more kids younger than 14 years old weight over 50
kilograms and they all received plating as an operative choice for displaced clavicle fractures in our
institute. Secondly, the follow-up was not long enough until skeletal maturity; thirdly, the exact length
discrepancy between affected bone and contralateral clavicle was not measured, since the gross
appearance seemed normal without complaints from the patients and their parents.

Conclusion
Both the ESIN and Plate are safe and effective treatment methods for displaced midshaft clavicle
fractures in adolescents. ESIN is superior to plate with shorter operative time, shorter hospital stay, less
aesthetic concern and easier implant removals. However, ESIN for heavier kids remains cautious.
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Figure 1
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10 year-old boy of right clavicle fracture treated with ESIN a. AP view of right clavicle before surgery b. AP
view of right clavicle after surgery c. AP view of right clavicle at 1 month follow-up visit after surgery d.
AP view of right clavicle after hardware removal e. AP view of right clavicle at 2 month follow-up visit
after hardware removal

Figure 2
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11 year-old boy of right clavicle fracture treated with plate a. AP view of right clavicle before surgery b b.
AP view of right clavicle after surgery c. AP view of right clavicle after hardware removal


