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Abstract:

Angular deformities of the lower limbs are common during
childhood. The concept of guided growth using a tension band plate
is a breakthrough in the surgical correction of angular deformities.
This approach has yielded satisfactory results and has low
complication rates. We reviewed 210 papers with overall 433
patients and 809 deformities. Inclusion criteria included papers
published from 2010 to 2017 in English literature. A Systematic
review was done on 16 papers with seven outcomes: Change in
mechanical axis deviation, tibiofemoral angle, rate of excellent
outcomes, implant breakage, implant migration, inadequate
reduction and rebound phenomenon. Thirty-two studies were
included. Fifteen of them studied treatment of angular deformities by
guided growth, three discussed the complications of using guided
growth and five studies discussed biomechanics of using guided
growth. Sixteen studies were included in our systematic review.
Guided growth is effective in treating coronal deformities around the
knee in skeletally immature children whether the cause was
idiopathic or pathological. There is no limitation except if physeal
bar is developed or the patient was near maturity. Few complications
are associated with guided growth techniques including rebound
phenomenon, inadequate reduction, implant breakage and implant

migration.
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Introduction:

Guiding growth by harnessing the ability of
growing bone to undergo plastic deformation
is one of the oldest orthopedic principles.
There has been renewed interest in surgical
methods of physeal manipulation or ‘guided
growth’. Manipulating natural bone growth to
correct a deformity is appealing, as it allows
gradual correction by non-or minimally

invasive methods [1, 2].

Heuter [1] first scientific

explanation for the phenomenon of mechanical

provided a

manipulation of bone growth in 1862, when he
reported that increased pressure parallel to the
axis of the epiphysis inhibits growth, while

decreased pressure promotes it.

Seven vyears later, Volkmann [2] noted that

changes in compressive forces cause
asymmetrical growth of a joint. The ‘chondral
modeling’ theory of Frost [3] suggests that the
relationship between loading and chondral
growth resembles an inverted U shape.
Physiological loading stimulates growth, while
loads outside this range, either higher or lower,
will inhibit it. Thus, minor degrees of joint
incongruency, where the stresses remain
within physiological limits, invoke a negative
feedback in order to restore the joint to
normal. Increasing incongruency results in the
physis being subjected to loads outside the
normal

physiological range, invoking a
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positive feedback mechanism which results in

progressive deformity.

This complex, non-linear relationship has
many implications for the management of
deformity, including a window outside which
physeal manipulation may fail. Most
importantly, it suggests that any intervention
should be performed at an early stage when
negative feedback correction can be harnessed.
Early restoration of the mechanical axis is
desirable to avoid permanent abnormality of
the adjacent joint surfaces, which would
otherwise lead to long-term morbidity.
Performing a surgical physeal arrest using
permanent or potentially reversible techniques
may avoid the need for osteotomies in

treatment of deformities in growing children

3].

The overall problem with performing a
permanent physeal arrest is the need for timing
of the procedure .The technique was first
introduced by Phemister [4] who described a
technique to obtain permanent fusion of the
growth plate by performing a rectangular
resection of bone containing metaphysic,
physis and epiphysis with the resected area
subsequently being reinserted with the ends
reversed. By using this procedure, both
equalizing of leg length and correction of
frontal plane deformities such as genu valgum
could be achieved according to Phemister [4].

This procedure has disadvantages including
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considerable and prolonged postoperative care
.One of the first attempts to perform a
reversible hemiepiphysiodesis was made by
Haas [5] who inserted a wire over the physis in
growing dogs leading to growth arrest of the
affected physis.

In 1949, Blount and Clarke reported on
stapling of the epiphyseal plate as a method to
correct both angular deformities and LLD [6-
8]. Tension band plating developed to address
some of the complications associated with the
use of staples. It was first described by
Stevens who developed the eight-plate
implants (Orthofix; McKinney, TX, USA).
These implants have been advocated to avoid
compression of the growth plate and to reduce

mechanical failures [9].

In this paper, we systematically review the
literature for the using of Guided Growth
techniques to correct coronal deformities
around the knee in skeletally immature
children, covering the technical points, the
outcomes and the  occurrence  of

complications.

Methods:

Search strategy:

The literature was reviewed through
electronic databases; Egyptian Knowledge
Bank (EKB), PubMed and Cochrane library
about the wusing of guided growth for

correction of coronal deformities around the
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knee in skeletally immature children.

We used the
Hemiepiphysiodesis, guided growth, eight

following  keywords:
plate, staples, coronal knee deformities,
tension band plating, genu valgum, genu
varum, growth plate and growth modulation

for the search.

Population, intervention, comparator,

outcomes and study design

We included studies done by randomized
controlled  trials  (RCT)

prospective studies and retrospective cohort

techniques,

studies with at least one data point before
and after the intervention. Cross-sectional
studies, expert opinion studies and case

reports studies were excluded.

Skeletally immature children (at least 24
months of predicted growth were remaining)
with coronal deformities around the knee
(genuvalgum or genuvarum) either idiopathic
or pathological physis were included. We
excluded skeletally mature children, children
with expected less than two years to reach
maturity, physiological deformities and
dynamic deformities due to ligamentous

laxity as in neuromuscular disorders.

The literature search was limited to English
language studies published from January
2010 till December 2017. The primary
outcomes were changes in Mechanical Axis
Deviation (MAD) and Tibiofemoral Angel
(TFA). Secondary outcomes included



excellent results rate, rate of implant
breakage, implant migration, inadequate
reduction and rebound phenomenon. This
study has been reported according to the
Preferred Reporting Items for Systematic
Reviews (PRISMA) guide lines [9].

Study selection

A total of 210 studies were identified and
imported into Mendeley Desktop V.1.17.13
Reference  Manager.  After  removing
duplicates/papers published before 2010, 63
articles underwent title screening. Studies were
excluded if they were non-human (n=2), nota
(n=14),

deformities (n=4), Ankle/Hip deformities

research  study flexion  knee
(n=8), case reports (n=9) and not in English
(n=3). Two independent reviewers assessed
articles for eligibility; all disagreements were
corrected through negotiated consensus with

the third reviewer.

Data Extraction
Relevant quantitative and qualitative data
necessary for adequate study comparison and

analysis was abstracted.

Studies should contain these items: objective,
design, type of intervention, changes in
Mechanical Axis Deviation (MAD) and
Tibiofemoral Angel (TFA), excellent results
rate, rate of implant breakage, implant
migration, inadequate reduction and rebound

phenomenon.
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Limitations

Only two RCT were published, Most of the
papers were single arm (not comparing guided
growth with corrective osteotomy or staples
with eight plate), Only one paper used
Mechanical Axis Ratio for evaluation of
outcomes, presence of different modalities of
evaluation of the primary outcomes (MAD,
TFA, mLDFA, mMPTA, etc), Sub-grouping
differes from paper to another (pathological
/idiopathic, genuvarum/ valgum, Age, BMI).

Results

Twenty-three studies were included in our
systematic review. Fifteen studied treatment of
angular deformities by guided growth, three
discussed the complications of using guided
growth and five discussed Biomechanics of
using guided growth around the knee.

Discussion

In our Systematic review 433 patients with
809  deformities  undergone  different
procedures for treatment of coronal angular
deformities around the knee using the concept
of guided growth by staples or titanium eight
plates or stainless steel eight plates or stainless
steel one third tubular plates. Guided growth
techniques could be wused in skeletally
immature children provided that there is at
least one-year growth remaining and there is

no physeal bar developed in the physis.
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Eight plate was studied by Vaishya et al
[1],Baghel [12], Heflin [13], Kulkarni [14],
Ashby [15], Das [16], Stevens [9], Boero [17]
and Ballal [18]. They found that it is effective
in treating coronal angular deformities around

the knee.

Pathological physis was studied by Boero [17],
Ashby [15] and Heflin [13]. They agreed that
Idiopathic deformities get more benefit of
guided growth than pathological one. Our
systematic review showed that TFA corrected
by 4.39 SMDin idiopathic groups while in
pathological
2.38SMD. It’s better to start

groups was corrected by
earlier
intervention by guided growth in pathological
physis as the speed of correction is slow in
comparison with the idiopathic group and also
to prevent or even reverse secondary issues
such as ligamentous laxity, lateral sublaxation

and torsion or recurrence of deformity.

On the opposite side Colmenares-bonilla [19]
recommends corrective osteotomy in treating
patients with Morquio-A (MPS) because they
usually had insufficient growth power
especially when been diagnosed in adolescent
age and this may help reduce arthritis

progression in adjacent joints.

As we have different methods for the
application
Hosseinzadeh [20] and Kumar [21] studied the

difference in the different constructs. Stainless

of guided growth concept,

steel constructs have higher rate of correction
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that explain its increased strength for angular
correction. The stainless steel may increase the
relative shear strength of that implants they
have not seen any hardware failures with the

stainless

Steel Eight plates. Eight plates have higher
rate of correction when compared to staples.

On the opposite side, the study of Gottliebsen
[22] reported that there is no difference in
treating angular deformities with eight plate or
staples as regards the results of correction of
the deformities but, this study was under
powered because of  small number of
population .Lin [23] proposed a different way
for guided growth concept using two holes one
third tubular plate and it showed excellent
results in treating angular deformities around
the knee. It could be used in developing
countries where there are no eight plates

available.

Post operatively Fillingham [24]

recommends  immediate  postoperative
physiotherapy as it prevents significantly the
delay in return of function.

Our systematic review showed that Rebound

Phenomenon rate was 4% in eight plate group

and 6% in staples group.

Leveille [25], Kang [26] and Burghardt [27]
modulation at a young age (< 10 & 12 years in
girls and boys respectively) and those with
deformities

large initial (>20  degrees



mechanical axis deviation from neutral).They
also found that when we have a rate of
correction >8.5°/year and a Body mass index
<21kg/m2, rebound phenomenon is highly
recommend . Over correction especially when
we have growth anticipated. Mechanical
failure also occurs most probably in the
metaphyseal screw not where the head meets
the shank but where the shank enters the
lateral cortex. Our systematic review showed
that the rate of implant breakage was 4% in
eight plate group while in staples group was
3%.

Leveille [25], Kang [26] and Burghardt [27]
bending of the plate and alternately tightening
the 2 screws. It is advised that screws should
not be placed widely divergent because it may
impinge on the plate prematurely. They also
recommend the using of solid screws rather
than cannulated screws. Screw breakage was
reported in patients with an average BMI of
37.8 kg/m2 range (19.2 to 70.2 kg/m2), that’s
why, it is recommended to use two parallel
eight-plates in either a parallel or oblique
fashion. Staples have higher risk of
migration/extrusion than the other constructs
because of the fulcrum being extraperiosteal.
Our systematic review showed that the rate of
implant migration was 2% in eight plate group

and 8% in staples group.

In distal medial femoral hemiepiphysiodesis,

Bachmann [28] reported that there is a risk in
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injuring MPFL but not the MCL which explain

the excessive postoperative pain that
sometimes occur together with reduced ROM
after temporary hemiepiphysiodesis at distal

medial femur with a plate and two screws.

Gyr[29] studied treating angular deformities in
pediatric amputees using the means of guided
growth which was successful and avoided the
complications of using external or internal

fixation devices.

Marangoz [30] documented that there is
correlation, between the delta joint orientation
angle and the delta inter screw angle. This
correlation is not related to the growth rate of
the physis. It is a purely mathematical
correlation, independent of the age and sex of
the patient. It can be used to measure the
anatomical changes of the joint line without

the need of full length X-rays.

Ceroni [31] studied the modification of the
alignment between the tibial tubercle (TT)
and trochlear groove (TG) that occur during
guided growth . They stated that for every
degree of angular correction recommend that
the plate should be coopted to the bone by pre
during femoral distal hemiepiphysiodesis
there is a 1 mm simultaneous lateral or medial
transfer of the TT. And during proximal tibial
hemiepiphysiodesis, 8° of angular correction

will roughly translatethe TTbylmm.
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Masquijo [32] studied the modified Paley
technique. It seems that this technique reduces
operative time, radiation exposure, and
incision size for guided growth around the

knee.

Conclusion

Guided growth is effective in treating coronal
deformities around the knee in skeletally
immature children wither the cause was
idiopathic or pathological. There is no
limitation except if physeal bar is developed or
the patient near maturity. Few complications
are associated with guided growth techniques
including rebound phenomenon, inadequate
reduction, implant breakage and implant

migration.
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