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Abstract

Purpose Growth modulation with tension band plates
(TBPs) and cannulated screws is the current mainstay of
treatment for pediatric lower extremity angular deformi-
ties. Solid screws have been used as an alternative to
cannulated screws to decrease the risk of screw failure,
particularly in obese children. The downside of solid
screws is the decrease in precision of placement. This study
describes a surgical technique to insert solid TBP screws
accurately.

Methods TBP insertion starts with the same conventional
steps by inserting the guidewires into the epiphysis and
metaphysis, straddling the physis. After fluoroscopic con-
firmation of the position of the guidewires, the cannulated
drill bit is used to broach the cortex to a depth of 5 mm in
the bone. A standard 4.5-mm cannulated screw from the
TBP set is used to tap the screw tract over the guidewires
for approximately three-quarters of the planned screw
length. After removing the guidewires, the solid screws are
then inserted in each hole to follow the tapped tracts.
Results This technique was used in five patients including
four with Blount disease and one with bilateral genu
varum.

Conclusion It is recommended to use solid screws with
TBPs in patients with a high body mass index to avoid
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screw fracture. Our technique describes using a cannulated
screw as a tap to create a tract to ease accurate insertion of
the solid screws, and prevent the solid screw from deviat-
ing outside the desired path.

Keywords Tension band plate - Growth modulation -
Bone screws

Introduction

Lower extremity angular deformities such as genu varum
or valgum are common in children. Treatment options
include osteotomy [1] or growth modulation [2-9].
Growth modulation is less invasive than osteotomy and
has increased in popularity, particularly since the
development of tension band plates (TBPs ) by Stevens
[8]. TBPs function as a hinge on the convex side of the
deformity, and gradually correct limb alignment while
preserving natural growth, with no need for invasive
osteotomy [4, 8].

TBPs use cannulated screws which provide ease and
accuracy of screw insertion over a guidewire [3, 5, 8]. After
first passing a 1.5-mm guidewire, a 3.2-mm cannulated
drill is used to broach the cortex to a depth of 5 mm fol-
lowed by insertion of cannulated 4.5-mm screws. Such
accuracy is very important especially in young children to
avoid injuring the physis and to avoid penetrating into the
joint. Several reports have described broken screws in TBP
constructs, particularly in obese patients [5, 10, 11]. In
response to this problem, the manufacturers are now
offering solid, non-cannulated screws for added strength
and resistance to fracture.

We consider using solid screws for obese patients, as is
commonly seen in adolescent Blount disease. The
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downside of solid crews is that they cannot be placed with
the same high degree of precision as cannulated screws.
The senior author developed a technique to insert solid
screws into TBPs, while still maintaining the accuracy of
the cannulated system.

Surgical technique

The surgical technique for inserting a TBP is similar to the
standard technique described by Stevens [8]. The image
intensifier is placed at the opposite side of the surgical
field. A 2-cm longitudinal skin incision is made at the
physis center to expose the periosteal surface. The central
hole is used to center the TBP over a guide pin or a
20-gauge spinal needle that is inserted into the physis.

The epiphyseal and metaphyseal guidewires are then
inserted through the eccentric holes by using the supplied
drill guide, under fluoroscopic control for accurate place-
ment straddling the growth plate. Two pilot holes are then
drilled using a 3.2-mm cannulated step drill bit to a depth
of 5 mm. The drill bit should not be drilled deeper than
5 mm, as this removes bone, weakens screw purchase and
deceases pull-out strength.

A 4.5-mm cannulated screw is then used as a tapping
tool over the guidewire to tap at least three-quarters of the
desired screw length. The guidewire is then removed to
insert a 4.5-solid screw that follows the path created by the
tapping (Figs. 1, 2). Controversy exists regarding parallel
or divergent position of the two screws.

Materials and methods

Solid screws have been used with TBPs since 2008 in five
patients, including four with Blount disease and one with
bilateral genu varum. The five patients (two male, three
female) had a mean age at surgery of 12.1 years (range
7.2—14.6 years). Figure 3 demonstrates a 12-year-old male
with bilateral Blount disease who had bilateral distal
femoral and proximal tibial lateral hemiepiphysiodsis.
A TBP was inserted using two solid screws using the same
insertion technique.

Discussion

The rationale behind temporary growth modulation for
lower limb angular deformity is to allow for gradual cor-
rection while the physis is still growing and avoid the need
for invasive osteotomy. Excellent results have been
reported with the use of TBPs; however, fractures of the
cannulated screws have been reported, mainly in obese
patients with Blount disease [5, 9—11].

Burghardt et al. proposed two modifications in order to
avoid hardware failure. The first is to apply two TBPs side
by side and the second is to use solid screws rather than
cannulated screws [10]. Solid screws are stronger and bear
the mechanical stresses more than cannulated screws [12].
The mechanical strength of a screw depends on the core
diameter. Therefore, cannulated screws are weaker to
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Fig. 1 The surgical technique for TBPs with solid screws. a A
K-wire is inserted in each of the plate holes, b a 3.2-mm cannulated
drill bit is used to broach the cortex no more than 5 mm depth, ¢ a
cannulated screw is inserted to tap three-quarters of ultimate depth,
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d the guidewires are removed, e the solid screws are inserted into the
pre-tapped passages, f the plate is secured with two solid screws.
Copyright 2016, Rubin Institute for Advanced Orthopedics, Sinai
Hospital of Baltimore
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Fig. 2 Intraoperative images demonstrating the surgical technique.
a A central K-wire is inserted at the physis level, b a K-wire is
inserted in each eccentric screw hole of the plate, ¢, d a 3.2-
cannulated drill bit is used to broach the cortex at each screw hole, e a

torsion and bending forces compared to solid screws [13].
Stitgen et al. studied two different TBP constructs and
concluded that solid screws are stronger than cannulated
screws [14].

The disadvantage of solid screws is that they are harder
to accurately insert than cannulated screws. Here, we
describe our technique to insert a solid screw into a TBP
with ease and accuracy similar to cannulated screws. The
surgical technique is consistent with that described by the
manufacturer who recommends pre-drilling only 5 mm
into the cortex, i.e., not all the way through the bone. The
rationale for this is to increase the screw purchase within
the bone, especially the metaphyseal cancellous bone. For

cannulated screw is used as a tap, f a solid screw is inserted into the
distal hole, g a cannulated screw is used to tap the proximal hole, h, i
follow-up films during correction. Copyright 2016, Rubin Institute for
Advanced Orthopedics, Sinai Hospital of Baltimore

this reason we do not drill the entire screw length when a
solid screw is used. Instead, we use a cannulated screw to
tap the screw trajectory over the guidewire. The ‘screw’ tap
pushes the bone aside and impacts it, making it more dense.
In comparison, drilling with a cannulated 3.2-mm drill bit
over the entire length would remove bone and result in
decreased screw purchase. The initial pass with a cannu-
lated screw creates a clean channel for the solid screw to
follow and helps avoid deviation of the solid screw. The
solid screw must be inserted carefully without applying
extra force or pushing on the screwdriver to avoid deviat-
ing from the pre-tapped tract close to the physis. A tied
suture around the screw head can be used to prevent screw
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Fig. 3 Twelve-year-old male
with bilateral Blount disease,
underwent bilateral distal
femoral and proximal tibial
lateral hemiepiphysiodsis with a
TBP. a Long erect X-ray shows
preoperative bilateral varus
deformity with medial
mechanical axis deviation,

b 3 months after insertion of
bilateral distal femur and
proximal tibia lateral physeal
TBP, c last follow-up with
corrected deformity and central
mechanical axis. The broken
left tibial metaphyseal screw
occurred 2 years earlier, when
the first TBP was inserted for
gradual varus correction.
Copyright 2016, Rubin Institute
for Advanced Orthopedics,
Sinai Hospital of Baltimore

displacement in the soft tissue especially in obese patients
as previously described in submuscular plating techniques
[15].

The fate of the extra cannulated screw which is used as a
tap may depend on where you practice. In the USA, it is
common hospital practice to discard any screw that is
inserted into the body, even if it is immediately removed.
This is due to concern that the screw may be weakened by
insertion, e.g., if it is rubbing against the side of a plate
during insertion. This practice is common in the USA
during open reduction internal fixation of long bone frac-
tures; a screw that is inserted and found to be too long or
too short, is commonly discarded and replaced. However,
in other parts of the world, this practice is less common,
and a screw that is inserted briefly and removed can be
recirculated into the tray to be used for another case. A
third option is to select one long cannulated screw to be
used as the ‘tap screw’ and keep it separate from the
implant screws along with the instrument part of the tray,
to be used over and over again, in a similar way as a tap is
repeatedly used. Finally creating a special instrument (tap)
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supplied by the company is a good concept that could be
considered by the instrument manufacturers.

There is some controversy about the optimum position
for screws in guided growth. At least one study argues for
initial parallel placement [16]. However, on a practical
note, it is not always possible to anatomically get the
screws parallel as the growth plate is undulating, and the
surface of the bone is sloped. Therefore, for practical
issues, it is often necessary to insert the screws divergently.
Regardless of where you stand on this issue, the purpose of
this study is not to advocate for parallel versus non-parallel
screw insertion, but rather to describe a technique that
allows accurate placement of non-cannulated screws
according to the wishes of the operating surgeon and the
specific anatomic considerations of the individual case.

In this study we describe a surgical technique to use a
cannulated screw as a tap to clarify the desired screw tra-
jectory prior to solid screw insertion. We believe the use of
a tapping screw is better than drilling the full trajectory
with a 3.2-mm drill bit, to increase the screw purchase with
the cancellous bone.



J Child Orthop (2016) 10:307-311

311

Compliance with ethical standards

This study has the approval from the Institution Review Board (IRB).
Informed consent is not required for this retrospective study.

Conflict of interest Dr. Kadhim and Dr. Hammouda declare that
they have no conflict of interest. Dr Herzenberg is a consultant for
Smith & Nephew, Orthofix, Orthopediatrics, and NuVasive Special-
ized Orthopedics. He also receives research support from NuVasive
Specialized Orthopedics.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Gilbody J, Thomas G, Ho K (2009) Acute versus gradual cor-
rection of idiopathic tibia vara in children: a systematic review.
J Pediatr Orthop 29(2):110-114

2. Boero S, Michelis MB, Riganti S (2011) Use of the eight-plate for
angular correction of knee deformities due to idiopathic and
pathologic physis: initiating treatment according to etiology.
J Child Orthop 5(3):209-216

3. Burghardt RD, Herzenberg JE (2010) Temporary hemiepiphys-
iodesis with the eight-plate for angular deformities: mid-term
results. J Orthop Sci Off J Jpn Orthop Assoc 15(5):699-704

4. Burghardt RD, Herzenberg JE, Standard SC, Paley D (2008)
Temporary hemiepiphyseal arrest using a screw and plate device
to treat knee and ankle deformities in children: a preliminary
report. J Child Orthop 2(3):187-197

5. Funk SS, Mignemi ME, Schoenecker JG, Lovejoy SA, Mencio
GA, Martus JE (2014) Hemiepiphysiodesis implants for late-

6.

10.

11.

12.

13.

14.

15.

16.

onset tibia vara: a comparison of cost, surgical success, and
implant failure. J Pediatr Orthop 36(1):29-35

Gyr BM, Colmer HG 4th, Morel MM, Ferski GJ (2013)
Hemiepiphysiodesis for correction of angular deformity in pedi-
atric amputees. J Pediatr Orthop 33(7):737-742

. Saran N, Rathjen KE (2010) Guided growth for the correction of

pediatric lower limb angular deformity. J Am Acad Orthop Surg
18(9):528-536

. Stevens PM (2007) Guided growth for angular correction: a

preliminary series using a tension band plate. J Pediatr Orthop
27(3):253-259

. Yilmaz G, Oto M, Thabet AM, Rogers KJ, Anticevic D, Thacker

MM et al (2014) Correction of lower extremity angular defor-
mities in skeletal dysplasia with hemiepiphysiodesis: a prelimi-
nary report. J Pediatr Orthop 34(3):336-345

Burghardt RD, Specht SC, Herzenberg JE (2010) Mechanical
failures of eight-plateguided growth system for temporary
hemiepiphysiodesis. J Pediatr Orthop 30(6):594-597
Schroerlucke S, Bertrand S, Clapp J, Bundy J, Gregg FO (2009)
Failure of Orthofix eight-plate for the treatment of Blount disease.
J Pediatr Orthop 29(1):57-60

Merk BR, Stern SH, Cordes S, Lautenschlager EP (2001) A
fatigue life analysis of small fragment screws. J Orthop Trauma
15(7):494-499

Collinge CA, Stern S, Cordes S, Lautenschlager EP (2000)
Mechanical properties of small fragment screws. Clin Orthop
Relat Res 373:277-284

Stitgen A, Garrels K, Kobayashi H, Vanderby R, McCarthy JJ,
Noonan KJ (2012) Biomechanical comparison between 2 guided-
growth constructs. J Pediatr Orthop 32(2):206-209

Sink, EL (2011) Submuscular plating of femoral shaft fractures.
In: Flynn JM, Wiesel SW (eds) Operative techniques in pediatric
orthopaedics. Wolters Kluwer Health/Lippincott Williams &
Wilkins, Philadelphia, pp 86-90

Schoenleber SJ, Tobst CA, Baitner A, Standard SC (2014) The
biomechanics of guided growth: does screw size, plate size, or
screw configuration matter? J Pediatr Orthop B 23(2):122-125

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Solid screw insertion for tension band plates: a surgical technique tip
	Abstract 
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Surgical technique

	Materials and methods
	Discussion
	Open Access
	References




