Orthopaedic Surgery

434

© 2021 THE AUTHORS. ORTHOPAEDIC SURGERY PUBLISHED BY CHINESE ORTHOPAEDIC ASSOCIATION AND JOHN WILEY & SONS AUSTRALIA, LTD.

CLINICAL ARTICLE

Comparison of Open Reduction and Internal
Fixation with Plate and Titanium Elastic
Intramedullary Nail in Treating Pediatric Humeral
Fracture

Jin-song Kong, MDY, Yang Huang, MD!?, Tao Chen, MD', Qi-hao Weng, MD?, Yi-jing Zheng, MD?, Yang Yu, MD?

'Department of Orthopaedics, Taizhou Municipal Hospital, Taizhou and *Department of Orthopaedics, The Second Affiliated Hospital and
Yuying Children’s Hospital of Wenzhou Medical University, Wenzhou, China

Objective: To investigate the therapeutic efficacy of titanium elastic intramedullary nail (TEN) and open reduction and
internal fixation with plate (ORIF) in the treatment of humeral fracture in children.

Methods: A retrospective study was carried out in a total of 69 patients who were admitted to the hospital from
January 2013 to December 2018. These patients, including 41 males and 28 females, were aged from 6 to 12 years
old with a median of 8 years. These patients were diagnosed with humeral fracture and underwent the surgery of ORIF
(n =22) or TEN (n = 47). The intraoperative bleeding, operation time, length of stay (LOS), and fracture healing time
were compared between the two groups. The therapeutic effect was assessed by the shoulder range of motion, the
elbow range of motion, the UCLA shoulder function score, and the Mayo elbow performance score (MEPS) 6 months
after the surgery.

Results: The intraoperative bleeding (97.20 + 27.83 mL vs 185.60 + 37.50 mL, P < 0.05), the operation time (53.70
4+ 11.87 min vs 73.50 4+ 13.33 min, P <0.05), and the fracture healing time (9.30 =+ 4.23 weeks vs 13.45
+ 3.67 weeks, P < 0.05) in the TEN group was significantly decreased than those in the ORIF group. There was no signifi-
cant difference in the LOS between the two groups. The length of follow-up is 3 and 6 months. The shoulder range of
motion (110.88° + 15.82° vs 98.37° 4+ 16.22° at 3 months and 162.88° + 17.29° vs 117.65° + 19.38° at 6 months,
both P < 0.05), the elbow range of motion (105.23° + 2.81° vs 87.12° + 4.73° at 3 months and 137.47° + 4.82° vs
109.67° £ 5.83° at 6 months, both P < 0.05), and the UCLA shoulder function score (28.58 + 4.74 vs 21.64 + 7.23 at
3 months and 33.05 + 3.27 vs 25.78 + 3.87 at 6 months, both P <0.05), and the MEPS (80.76 + 3.53 vs 65.33
+ 9.43 at 3 months and 97.48 + 1.23 vs 88.22 £+ 3.65 at 6 months, both P < 0.05) in the TEN group were greater than
those in the ORIF group. In the TEN group, complications occurred in three of 47 cases (6.38%), including one case
(2.13%) of bone nonunion and two cases (4.25%) of irritation response around the nail. In the ORIF group, complications
occurred in four of 22 cases (18.18%), including one case (4.55%) of delayed healing, one case (4.55%) of deep infection,
and two cases (9.08%) of radial nerve injury. The complication rate was not significantly different between the two groups.

Conclusion: TEN can be a good technique for the treatment of humeral fracture in children, with the advantages of
less intraoperative bleeding, shorter operative time, quicker healing, and better recovery of shoulder range of motion
and elbow range of motion.
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Introduction

reviously, many pediatric injuries did not need surgeries.

However, the surgical intervention for certain fractures
have been chosen because the selection of the implants is
increasing, the outcomes of the surgery are improving, com-
pared with non-surgical treatments. The clinical guidelines
for treating pediatric femur fractures and humeral fractures
have been developed by the American Academy of Ortho-
paedic Surgeons (AAOS) to help surgeons select the most
appropriate surgical or non-surgical treatment'. Although
these guidelines are helpful, the high-level evidence is still
lacking, and ideal treatments for pediatric fractures are still
needed. Meanwhile, the guidelines for other types of pediat-
ric fractures are also lacking. Therefore, studies concerning
therapeutic strategies for pediatric fractures are meaningful.

The humeral fracture is one of the most common frac-
tures in children who are younger than 16 years of age. Pediat-
ric humeral fracture is usually caused by a high falling accident
or traffic accident’. There are many traditional surgical
methods for the treatment of humeral fracture in children,
such as closed reduction and plaster immobilization, open
reduction and internal fixation of Kirschner wire, and open
reduction and internal fixation with plate (ORIF)*~°. However,
these methods have limitations. For example, ORIF can cause
the disruption of large soft tissues. It can also cause the damage
to patients’ natural biology, resulting in the large volume of
blood loss and associated neurovascular injuries®.

These surgical options for treating pediatric humeral
fractures have their advantages and the disadvantages. The
location of the pediatric humeral fracture is an important
factor for the surgical choice. The posterior or lateral
approaches are often used for the mid-shaft to more distal
fractures. The proximal one-third to mid-shaft fractures are
approached anteriorly and anterolaterally. The possibility for
an extensile exposure is an advantage of the anterolateral
approach. Compared with other approaches, the
anterolateral approach lowers the rates of iatrogenic radial
nerve palsy (4%), while the lateral approach has a higher rate
of iatrogenic radial nerve palsy (20%), and the posterior
approach also has a higher rate of iatrogenic radial nerve
palsy (11%)’.

Although the treatment choices for pediatric humeral
fracture remain controversial, surgical techniques, including
titanium elastic intramedullary nail (TEN), ORIF, and exter-
nal fixation, are widely used due to their therapeutic effects®.
Diaphyseal humeral fractures in preschool children prefer
the conservative treatment, as the healing time is shorter in
younger children, and these children may have a capacity for
spontaneous correction of the deformity’. Older children
have the characteristics of obvious fracture displacement,

rotation and angulation instability, and they are more likely
to have complications'®. There is still no consensus regarding
the age between 6 and 14; many surgeons prefer to use TEN
and external fixation in open fractures'!. Therefore, more
comparative studies are still needed in the therapeutic
options of treating pediatric humeral fracture.

In the early 1990s, the early enthusiasm for TEN of
humeral shaft fractures began in Europe'>'’. Accumulating
studies on the topic are from Europe, particularly the experi-
ence of using the flexible nails that originated at the Univer-
sity of Nancy, France'’. As reported, the popularity of TEN
has grown in North America and other parts of the world in
other long bones, such as the femur, tibia, and the forearm'*,
TEN is an elastic stable intra-medullary nail which counter-
acts the distraction and compression forces at the fracture
site’”. It has been used in the treatment of humeral fracture,
femoral shaft fractures, proximal humeral fractures, clavicu-
lar midshaft fractures, etc. in children'*™®. For example,
Rollo et al.'® showed that humeral fracture patients treated
with TEN are more satisfied compared with external fixation.
Compared with traditional surgical methods, TEN has supe-
rior value to plate fixation with less blood loss, shorter opera-
tive time, and less economic loss*’. Some researchers found
hospitalization time was decreased using TEN'’. Elastic
intramedullary nail achieved good results in stability and
early weight bearing”'. Some researchers believed that the
treatment of humeral shaft fractures guarantee overlapping
results with the use of ORIF, TEN, or the external fixator*”.
Others believed that the treatment of humeral shaft fractures
with external fixators provide similar results as those of other
techniques®. These studies have reported conflicting results
regarding the treatment of humeral fracture. However, the
comparison between ORIF and TEN in treating humeral
fracture is rarely reported.

Here, we compared the efficacy and safety of ORIF
and TEN in the treatment of humeral fracture in children,
aiming to add valuable evidence and provide guidance to
surgeons when treating middle or distal humeral fractures in
children. The purpose of the current study could be summa-
rized into three points: (i) to compare the therapeutic effi-
cacy between TEN and ORIF on pediatric humeral fractures;
(ii) to compare the complications after the operation
between TEN and ORIF; (iii) to provide a theoretical basis
for treating pediatric humeral fractures using TEN.

Materials and Methods

General Information
A retrospective study was carried out and patients who were
diagnosed with humeral fracture that underwent surgery
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from January 2013 to December 2018 in The Second Affili-
ated Hospital and Yuying Children’s Hospital of Wenzhou
Medical University were enrolled in this study. According to
AOQ classification®*, they were classified as type A, B, or C.

Inclusion criteria were as follows (i) patients with
closed fresh fracture of middle or distal one-third humerus;
(ii) patients with no symptoms of radial nerve paralysis;
(iil) patients who were 6 to 12 years old and were diagnosed
in accordance with AO type humeral fracture; (iv) patients
who received TEN or ORIF surgeries to treat humeral frac-
tures; (v) patients with complete data during the hospital
and the follow-ups.

Exclusion criteria were as follows (i) pathological mid-
dle or distal humeral fracture and humeral nonunion;
(ii) other injuries that affect shoulder and elbow function.

Surgery Process

Anesthesia and Position (Step 1)

The patients underwent different surgeries, including TEN
(n = 47) and ORIF (n = 22) according to their disease status.
For ORIF, nerve block of brachial plexus was used, and
patients were maintained at supine position. Anterolateral
incision of the upper arm® was taken. For TEN, patients
received general anesthesia, and were maintained in supine
position.

Approach and Exposure (Step 2)

For ORIF, the radial nerve was exposed through the intersti-
tial space between the brachialis and the brachioradialis
under direct vision. For TEN, a small incision (about 0.5 cm
in length) was made at 2-3 cm above the internal humerus
and the lateral condyle.

Pathological Changes, Resection (Step 3)

For ORIF, after the fracture reached anatomic reduction or
near anatomic reduction, the 6-10-hole compression plate
was placed in the anterolateral humerus for fixation. For
TEN, under C-arm X-ray machine, the bone cones and the
long axis of humerus (an angle of 40°-60°) were slowly
stabbed into cortical bone, and two intramedullary nails were
used to make it pre-curved according to the size of the
humeral medullary.

Fixation or Placement of Prosthesis (Step 4)

For ORIF, cataclastic bone block or sclerite was tightly
bound. For TEN, the two elastic intramedullary nails were
inserted from the inside and outside of the humerus to the
fracture line with elastic intramedullary nail T-shaped
holder. If closed reduction inserted into proximal fracture
was unsuccessful, an incision (3 cm) was made at the frac-
ture site to ensure a successful reduction under direct vision.

Reconstruction (Step 5)
For ORIF, if the efficacy of fracture reduction and internal
fixation confirmed by C-arm X-ray machine was good, the
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incision was washed and sutured. For TEN, proximal elastic
intramedullary nail was inserted into tubercle of humerus
level. Nail end was cut off, and 1.0-1.5cm of nail was
retained outside the cortical bone.

Postoperative Treatment

Patients of the two groups took antibiotics for 3 days. Move-
ment of the injured limb was restricted by neck-wrist sling
suspension. After the formation of a small amount of callus,
external fixator was removed, and active exercise of elbow
and shoulder was kept for two weeks. The flexible nails were
removed after about 6 months.

Outcome Measures

Intraoperative bleeding, operation time, length of stay (LOS),
fracture healing time, shoulder range of motion and elbow
range of motion at 3 and 6 months after surgery, UCLA
shoulder function score’®, Mayo elbow performance score
(MEPS)?, and complications were compared between the
two groups.

Length of Stay (LOS)

LOS refers to the time interval between the admission to the
hospital and the discharge. LOS could indicate the therapeu-
tic effect at hospital, and it is an important parameter that is
widely used to evaluate the efficacy of the chosen treatment.

Fracture Healing Time

Fracture healing time refers to the time interval from the
completion of the surgery to the healing (union or non-
union) of the fracture. Fracture healing time could indicate
the therapeutic effect of the surgery, and it is an important
parameter that is widely used to evaluate the complications
after surgery.

UCLA Shoulder Function Score

UCLA shoulder function score was designed to evaluate the
postoperative results for shoulder arthroplasty. The UCLA
shoulder function score consists of pain (10 points), func-
tions (10 points), elbow range of motion in the joint
(5 points), manual muscle test (5 points), and patient satis-
faction level (5 points) for a total of 35 points. The following
outcome criteria are used: Excellent, 34 points; Good, 28 to
33 points; Fair, 21 to 27 points; and Poor, 20 points. At pre-
sent, the UCLA shoulder function scoring system is used
worldwide and shows good correlation with clinical outcome
in patients who have undergone forearm-associated
surgeries.

Mayo Elbow Performance Score (MEPS)

MEPS is a widely used performance index for evaluation of
clinical outcomes for a variety of elbow disorders. It consists
of assessment of pain, arc of motion, stability, and a patient
rating of daily function. Pain is weighted highest of the four
variables. The scale ranges from 0 to 100, with a higher score
indicating a better outcome.
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Statistical Analysis

All data were analyzed by SPSS software (version 16.0, IBM,
Armonk, NY, USA). The differences of sex, fracture site,
fracture classification between the two groups were detected
by y* test. The differences of age, course of disease,
intraoperative bleeding, operation time, LOS, fracture healing
time, shoulder range of motion and elbow range of motion
6 months after surgery, UCLA shoulder function score, and
MEPS between the two groups were detected by the ¢ test.
The P value <0.05 was considered statistically significant.

Results

General Results

A total of 69 patients were enrolled in this study, including
41 males and 28 females. They were aged from 6 to 12 years
with a median of 8 years. There were 25 patients (36.2%)
with middle humeral fracture, and 44 patients (63.8%) with
distal humeral fracture. Humeral fracture occurred in the left
side (27 cases, 39.1%) and in the right side (42 cases, 60.9%).
According to AO classification, 20 cases (29.0%) belong to
type A fracture, 37 cases (53.6%) belong to type B fracture,
and 12 cases (14.4%) belong to type C fracture. Time interval
from injury to surgery was from 1 to 8 days with a median
of 3 days. There were no significant differences in sex, age,
fracture site, course of disease, or fracture classification
between the two groups (Table 1).

Intraoperative and Postoperative Results

Intraoperative bleeding in TEN group was significantly
decreased compared to that of ORIF group (TEN vs ORIF,
97.20 £ 27.83 mL vs 185.60 + 37.50 mL, P = 0.000), and
operation time (TEN vs ORIF, 53.70 4 11.87 min vs 73.50
+ 13.33 min, P = 0.001) and fracture healing time (TEN vs
ORIF, 9.30 + 4.23 weeks vs 13.45 + 3.67 weeks, P = 0.005)
in TEN group were also significantly reduced compared to
the ORIF group. There was no significant difference in LOS
between the two groups (TEN vs ORIF, 12.40 & 1.58 days vs
11.80 £ 1.25 days, P = 0.963, Table 2).

TEN anD ORIF IN TREATING HUMERAL FRACTURE

Functional Evaluation

Shoulder range of motion (TEN vs ORIF, 110.88° + 15.82°
vs 98.37° £ 16.22°, P =0.000) and elbow range of motion
(TEN vs ORIF, 105.23° 4+ 2.81° vs 87.12° 4+ 4.73°, P = 0.000)
3 months after surgery, as well as shoulder range of motion
(TEN vs ORIF, 162.88° + 17.29° vs 117.65° + 19.38°, P
= 0.000) and elbow range of motion (TEN vs ORIF, 137.47°
+ 4.82° vs 109.67° 4 5.83°, P = 0.000) 6 months after sur-
gery, in TEN group were greater than those in ORIF group.
UCLA shoulder function score (TEN vs ORIF, 28.58 + 4.74
vs 21.64 + 7.23, P = 0.000) and MEPS (TEN vs ORIF, 80.76
=+ 3.53 v5 65.33 &£ 9.43, P = 0.000) 3 months after surgery, as
well as UCLA shoulder function score (TEN vs ORIF, 33.05
+ 3.27 vs 25.78 + 3.87, P = 0.000) and MEPS (TEN vs ORIF,
97.48 + 1.23 vs 88.22 + 3.65, P = 0.000) 6 months after sur-
gery, were higher in TEN group than those in ORIF
group (Fig. 1).

Complications of the Patients

In a total of 47 cases treated with TEN, complications
occurred in three cases (6.38%), with one case (2.13%) of
bone nonunion and two cases (4.25%) of irritation response
around the nail. In a total of 22 children treated with ORIF,
complications occurred in four cases (18.18%), with one case
(4.55%) of delayed healing, one case (4.55%) of deep infec-
tion, and two cases (9.08%) of radial nerve injury. Malunion
or implant failure did not occur in any of the patients. The
complication rate was not significantly different between the
two groups (x° =2.289, P =0.130). X-ray films of typical
cases with the treatment of ORIF and TEN were shown in
Figs. 2 and 3.

Discussion

Comparison of the Therapeutic Efficacy between TEN

and ORIF

TEN is currently considered superior in surgical treatment of
long bone fractures in school-age pediatric patients. Several
biomechanical studies have been performed to investigate
superiority of one material over the other for humeral shaft
fractures. Westrick et al?® showed that conservative treat-
ment of humeral shaft fractures has a higher rate of bone

TABLE 1 Comparison of general information between TEN group and ORIF group

Sex (n) Fracture site (n) Fracture classification (n)*
Groups Male Female Age (years) Middle Distal Course (days) A B C
TEN 28 19 8.18 + 2.36 15 3.37 £ 1.58 14 26 7
ORIF 13 9 8.23 £ 1.89 10 3.58 £1.34 6 11 5
¥?=0.001 t=0.583 x?=1.189 t=1.539 x%=0.641
P=0.970 P =0.463 P=0.276 P=0.338 P=0.726

with plate.

* Patients were classified as A, B, and C types according to AO classification. TEN, titanium elastic intramedullary nail. ORIF, open reduction and internal fixation
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TABLE 2 Comparison of intraoperative bleeding, operation time, LOS, and fracture healing time between TEN group and ORIF group (x +s)

Groups Intraoperative bleeding (mL) Operation time (min) LOS (days) Fracture healing time (weeks)
ORIF (n =22) 185.60 + 37.50 73.50 + 13.33 11.80 + 1.25 13.45 + 3.67
TEN (n = 47) 97.20 £ 27.83 53.70 + 11.87 12.40 + 1.58 9.30 £4.23
t value 8.384 3.460 0.237 3.267
P value 0.000 0.001 0.963 0.005
LOS, length of stay; ORIF, open reduction and internal fixation with plate; TEN, titanium elastic intramedullary nail.
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nonunion, while operative treatment is associated with a low
incidence of iatrogenic nerve palsy but higher rates of infec-
tion. Harkin et al.*> demonstrated that there were high rates
of delayed union and nonunion with conservative manage-
ment in comparison with early operative fixation, and that
patients with a significant psychiatric history may benefit
from consideration of operative intervention. Seo et al*
showed that dual 3.5-mm locking compression plate (LCP)
fixation to the humerus is a possible treatment choice for
diaphyseal humeral fractures in comparison with the con-
ventional single 4.5-mm LCP fixation. Rollo et al."® showed
that humeral fracture patients treated with TEN are more
satisfied compared with external fixation. These studies rev-
ealed that operative treatment with nails or plates is becom-
ing an ideal choice in treating humeral shaft fractures.

plate. *P < 0.05.

However, the comparison between ORIF and TEN in
treating humeral fracture is rarely reported. In the current
study, we compared 69 humeral fracture cases treated with
TEN or ORIF and found that TEN can be an ideal strategy
for the treatment of humeral fracture in children.

The treatments of humeral fracture in children are dif-
ferent from adults, and it is much more important in
protecting epiphysis and bone blood supply for children®'.
Disadvantages such as bleeding and higher incidence rate of
nerve and epiphysis injury are commonly seen in traditional
fixation methods of ORIF with Kirschner wire, plate, and
interlocking intramedullary nailing®>. To combat these short-
comings, TEN was invented and brought many advantages
in the treatment of humeral fracture in children. With the
elastic characteristicc, TEN could easily maintain the
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Fig. 2 The X-ray films of a 9-year-old male patient with distal one-third of humeral fracture using titanium elastic intramedullary nail (TEN) treatment.
(A) Preoperative X-ray film. (B) Postoperative X-ray film. (C) Twelve weeks after surgery. (D) X-ray film after pulling nail.

Fig. 3 The X-ray films of a 12-year-old male patient with middle humeral fracture using open reduction and internal fixation with plate (ORIF)
treatment. (A) Preoperative X-ray film. (B) Postoperative X-ray film. (C) Twelve weeks after surgery. (D) X-ray film after pulling nail.

anatomical apposition and cross through the fracture ends.
In addition, the slight move of the fracture end caused by
TEN is beneficial for the formation of callus. Therefore, TEN
has been widely used in the treatment of long bone fracture
of limbs™~>>.

Comparison of the Complications after the Operation
between TEN and ORIF

Most children with humeral shaft fractures are treated con-
servatively. However, the 1/3 of the distal end of the
humerus is triangular in cross section, where the periosteum
is weaker than that of the supracondylar region, resulting in
poor stability and long healing time after fracture. The blood

supply in the middle and distal one-third humerus mainly
comes from the nutrient vessels of middle and upper
humerus. If this site is fractured, the nutrient vessels will be
injured. Therefore, complications including varus of elbow
joints, delayed healing, fracture relocation, malunion, and
elbow dysfunction are common during non-surgical treat-
ment. An observation conducted by Rollo et al.***” showed
that plating with supporting allograft can be a good choice of
treating aseptic non-union of the humeral shaft. They also
found that the plate-and-bone-strut allograft technique with
bone chip augmentation in distal humeral shaft for aseptic
non-unions resulted in union of all cases®®. Older children
have the characteristics of obvious fracture displacement,
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rotation, and angulation instability, and they are more likely
to have complications. For some of these fractures, we use
internal fixation, including TEN and ORIF. As a retrospec-
tive study, we screened patients who had undergone surgery
from previously hospitalized patients, comparing the thera-
peutic differences between TEN and ORIF. ORIF is not com-
monly used to treat young patients. However, for patients
with poor outcome of conservative treatment, for example
those patients who are difficult to effectively fix using brace
or splint due to obesity, surgical treatment with ORIF is also
an option. However, ORIF may injure the periosteum and
muscle of fracture end, which leads to insufficient blood sup-
ply of fracture end®. TEN avoids large-scale dissection of
soft tissue and periosteum. It has limited side effects on bone
blood supply and soft tissue injury, and can avoid radial
nerve injury and keep the blood circulation of the fracture
part and the fixed area, thus to promote fracture healing***'.

Clinical Experience for Treating Pediatric Humeral
Fractures Using TEN

During the TEN surgery, previous studies have summarized
some methods dealing with the troubles we met in treating a
humeral fracture, which were: (i) the diameter of TEN
should be 50%-60% of the narrowest part of the humeral
shaft. TEN with a diameter of 2.5 mm is recommended for
children aged 6-10 years, and 3.0-3.5 mm is recommended
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for children over 10 years; (ii) the thicker the TEN, the
stronger the elasticity and fixation. However, the difficulty of
insertion will increase; and (iii) postoperative irritability
reaction around nails should be watched***’.

Limitations of the Study

The limitation of this study is that the sample size is small.
Also, this study lacks the data from patients who received
the conservative treatment or the external fixation. There-
fore, larger samples and randomized controlled studies are
still needed in our future research.

Conclusion

Our findings demonstrated that TEN can be an ideal tech-
nique for the treatment of humeral fracture in children with
the advantages of less intraoperative bleeding, shorter opera-
tive time, quicker healing, and better recovery of shoulder
range of motion and elbow range of motion.
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