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Introduction: There are different techniques for gradual correction of angular deformities in lower limbs.
The use of screws and non-absorbable filament have been described as an effective alternative for tran-
sitory hemiepiphysiodesis in pediatric population.

Hypothesis: In pediatric population with genu valgum there are no differences in outcome between

Keywords: hemiepiphysiodesis, using screws and non-absorbable filament (SNAF) versus 8-plate.
gﬁrﬁi valgum Methods: Retrospective evaluation, 44 knees in 22 patients younger than 15 years, with idiopathic genu
1

valgum, were operated on. One group (20 knees) was operated on with 8-plate technique and another
group (24 knees) was operated on with SNAF technique. Initial and final intermalleolar distance (IMD)
and mechanical lateral distal femoral angle (mLDFA) were compared, registering complications for each
group. Mann-Whitney test was used for statistics, with significance value <0.05.
Results: All patients achieved the expected mechanical axis correction. IMD and mLDFA significatively
improved. There were no significant differences in magnitude and speed of correction when comparing
the two techniques. Only one SNAF patient had a minor perioperative complication.
Discussion: This report compares postoperative results between SNAF and 8-plate technique for correc-
tion of angular deformities in lower limbs. In this series of patients, significant clinical and radiological
changes were observed between the initial and final values using both techniques, with no significant dif-
ferences between them. Our group proposes the SNAF technique as an efficient, simple and cost-effective
alternative to the traditional 8-plate technique, for the treatment of idiopathic genu valgum in children.
Level of evidence: III, retrospective comparative study.

© 2019 Elsevier Masson SAS. All rights reserved.
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1. Introduction hemiepiphysiodesis, which consists in partial growth arrest of one

side of the physis in order to cause a secondary angular modifica-

Angular deformities of lower limbs are a common finding in
children [1]. Although most of these correspond to physiological
conditions that resolve spontaneously without intervention [2-4],
some deformities persist through preadolescence and will not cor-
rect spontaneously [5]. In these cases, surgical intervention may be
necessary to restore the mechanical axis of the lower limbs. The
current recommendation is to address lower limb angular defor-
mities as early as possible to prevent consequences as an altered
gait pattern, early degeneration of the articular cartilage and soft
tissue changes [5-7].

There are different techniques for gradual correction of
angular deformities of lower limbs [7-9]. One of them is
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tion, gradually correcting the deformity [9,10]. The ideal method for
hemiepiphysiodesis would be one that ensures a controlled rate of
correction without causing permanent physeal damage, unless the
objective is to cause a permanent physeal closure. These techniques
include permanent methods such as ablation or physeal curettage
[9,11] or potentially reversible techniques such as stapling [12],
transphyseal screws [13] or tension band plates [ 14]. The most cur-
rently used technique is the tension band plate with two screws
[14-16].

There are studies in New Zealand rabbit models that have shown
that the use of screws and nonabsorbable suture is an effective
way of angular correction [17,18]. Furthermore, they showed that
removal of the sutures restored physeal growth, proving that is
an alternative for transitory hemiepiphysiodesis in patients with
angular deformity of lower limbs.

Recently Martinez et al. published the first experience using
screws and nonabsorbable sutures in humans, demonstrating
that it is an effective, safe, technically simple and reproducible
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alternative for the gradual correction of genu valgum in the pedi-
atric population [19]. It should be noted, this technique also
represents a much cost-effective alternative to traditional implants
(approximately USD 30 vs. USD 800 in our center), what is a partic-
ularly important issue to consider in developing countries, where
public health systems have a limited budget.

On the other hand, the correction of angular deformities of lower
extremities in children has been widely performed by hemiepi-
physiodesis with tension plates, obtaining satisfactory results
[20,21]. As an alternative the use of screws and nonabsorbable
suture has been described, being a more economical option. The
objective is to compare the angular correction capacity of both
techniques in the treatment of genu valgum. Our hypothesis is
that in pediatric population with genu valgum there are no differ-
ences in outcome between hemiepiphysiodesis, using screws and
non-absorbable filament (SNAF) versus 8-plate.

2. Patient and methods

A retrospective evaluation of patients under 15 years of age
who underwent idiopathic genu valgum surgery by distal medial
femoral hemiepiphysiodesis with screws and suture or 8-plate.

Boys and girls between 8 and 15 years old, with idiopathic genu
valgum. Our diagnostic algorithm was the following: when patients
older than 8 years came to our clinic because of discomfort asso-
ciated to genu valgum, we measured the clinical intermalleolar
distance (IMD), if it was more than 8 cm, then we requested antero-
posterior X rays of lower extremities in standing position. If the
mechanical axis of the limb was within zones 2 or 3, we measured
the articular angles. If the deformity was categorized as driven
by distal femur, with a mechanical lateral distal femoral angle
(mLDFA) <87°, the surgical option was medial hemiepiphysiodesis
of distal femur. Surgical treatment was indicated when pathological
genu valgum was persistent over time or worsens, or the probabil-
ity of spontaneous correction was minimal according to the age of
the patient (> 10 years). Patients with skeletal dysplasias, osteodys-
trophy, physeal injury or previous surgeries around the knee were
excluded. Patients who were still in correcting process at the time of
the study were also excluded (open physis with implants in situ).
Data collection was approved by the Research Ethics Committee
of our institution (ID 170620002). None of the authors have any
conflict of interest.

The evolution of IMD, mechanical axis deviation and mLDFA in
radiographs at the beginning and at the end of the treatment was
recorded by two observers. In addition, the magnitude and speed
of correction of the mLDFA was determined.

!
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Fig. 1. Intraoperative image of hemiepiphysiodesis with screw and non-absorbable
filament.

Surgery was performed in 22 patients, 44 operated knees, 20
with 8-plate technique and 24 with SNAF technique. There weren’t
any statistical differences between both groups characteristics,
the sample was integrated by 55% of boys, the median age was
11.5 years (range 8-14 years), the initial IMD was 11 cm (range
10-17cm) and the initial mLDFA was 85 degrees (range 77-88
degrees).

All the operated children had pathological genu valgum
(IMD>10cm and load axis in zone 2 or 3). There was only one
case less than 10 years operated (8 years and obese) who had a
progression of genu valgum at follow up.

2.1. Surgical procedure

Group A. An anchoring system with two 4.0 mm cancellous
screw and metal washer was used. The two monocortical screws
were implanted on the medial aspect of the distal femur under
radioscopic vision; one proximal to the physis and other distal to
the physis. Screws were tied together using a non-absorbable fil-
ament (FiberWire #2.0), with 2 laps going under the washers and
following a pattern in an eight figure (Figs. 1 and 2). These wash-
ers are used to prevent sliding of the filament over screw head.
Periosteal damage was carefully avoided.

Fig. 2. Scheme and intraoperative X-rays of hemiepiphysiodesis with screws and non-absorbable filament.
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Group B. An anchoring system with two 4.0 mm cancellous
screw and 8-plate. The two monocortical screws were implanted
on the medial aspect of the distal femur under radio-scopic vision:
one proximal to the physis and other distal to the physis. Periosteal
damage was carefully avoided.

2.2. Data collection

Clinical and radiographic collecting was performed. We ana-
lyzed the radiographs taken at the beginning, at the end of
treatment (physeal closure or final angular correction) and pos-
terior to fixation removal when necessary (Fig. 3). Data concerning
gender, age at diagnosis and intervention were registered. Clini-
cal IMD modification, mechanical axis correction and mLDFA were
evaluated using long cassette standing radiographies. Angular mea-
surements were performed by two physicians working blindly and
independent to the main surgeon (a pediatric orthopedic surgeon
and a trained orthopedic resident). Each of them performed two
repeated measurements in different moments of time and then
considering an average value of the data. Surgical time, operative
and postoperative complications were recorded.

2.3. Statistical analysis

Statistical analysis was performed using the Wilcoxon test, chi
squared and Mann-Whitney U according to the nature of the results
with STATA v.13. A significance value <0.05 was used. Intra- and
interobserver variation of mLDFA measurements was analyzed
with intra-class correlation test (ICC).

3. Results

The median time between surgery and the final angu-
lar correction in the SNAF group was 12.3 months (range
9.2-22.3 months) and in the 8-plate group was 16.5 months (range
11.6-25.2 months). There were no significant differences between
the described characteristics of both groups.

All patients achieved the expected correction, with mechan-
ical axis within zone 1 (axis between tibial spines) at the end
of treatment. In this series of patients, significant changes were
observed between the initial and final values of IMD for SNFA group
(p=0.0022) and 8-Plate group (p=0.0048) (Fig. 4). When compar-
ing techniques, no significant differences (p=0.34) were observed
between them in regard to the magnitude of the correction of IMD
(Table 1).

When assessing mLDFA modification of each lower limb indi-
vidually:

e the initial mLDFA of the 8-plate group was 85.3° versus 84.9° for
the SNFA group;

¢ the final mLDFA of the 8-Plate group was 91.8° versus 95.9° for
the SNFA group;

¢ there was a significant correction for SNAF group (p = 0.0022) and
plate group (p=0.0048) (Fig. 5). We found no significant differ-
ences in the magnitude of correction (p=0.48) or the correction
speed (p=0.33) between the groups (Table 2);

e for mLDFA measurements, excellent interobserver correlation
coefficient was found (ICC=0.94), as well as excellent intraob-
server correlation (ICC=0.98).

Only one patient presented a minor perioperative complication
in the SNAF group, corresponding to a small surgical wound dehis-
cence which evolved favorably toward closure with basic wound
caring. In the plate group, there were no complications.

Ten knees in the SNAF group completed the desired correction
while still having an open physis, so it was necessary to retire the

Fig. 3. Radiographic measurement: mechanical axis in zone 2 (yellow). mLDFA
(blue).

fixation by removing the screws and suture or just cutting the fil-
ament (depends on the parent’s choice), with two cases of further
minimal valgus rebound (Fig. 6). In the 8-plate group, it was nec-
essary to remove six plates, with no changes after that.
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Table 1

Correction of IMD according to the technique applied. IMD: intermalleolar distance.
Technique Initial IMD Final IMD Median (RCI) Correction IMD Median (RCI) p-value
SNAF 11cm (10-11.75) 2.5cm (1-3.75) 9cm (6.25-10.5) 0.0022
8-plate 11cm (10-11) 0.5cm (0-1) 9cm (8-11) 0.0048

RCI: range of confidence interval; SNAF: screws and non-absorbable filament.

Fig. 4. Clinical IMD correction example: initial (left) and final (right).

Table 2
Magnitude and speed of correction in both groups.

Technique Median of mLDFA Median of mLDFA speed correction
correction

SNAF 11° (10-11.75) 0.45 degrees/month (1.0-3.75)

8-plate 6.5 (3-19) 0.54 degrees/month (0.21-1.48)

p-value 0.48 0.33

mLDFA mechanical lateral distal femoral angle; SNAF: screws and non-absorbable
filament.

4. Discussion

The management of angular deformities of lower extremities
in patients with mature skeleton is commonly performed with
osteotomies. Though, in patients with an immature skeleton mod-
ulating their growth and thus correcting the deformity is an option.
Within the surgical alternatives initially arose irreversible tech-
niques such as Bowen et al. [11] and Phemister [9] that have the
potential inconvenience of overcorrecting or undercorrecting the
deformity and the crucial choice of age to intervene a physis with
enough growth remaining to achieve correction [7].

Therefore, it’s an attractive alternative the possibility of having
transient techniques to modulate growth. Among which emerges
the use of staples outside of physis of Blount and Clarke [12], but
with the disadvantage of the possible implant migration [7]. Also,
the transphyseal screw of Métaizeau et al. [13] that manages to
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Fig. 6. Example of SNAF removed after 13 months post-op.
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correct on average 0.44 degrees/month but taking into account the
risk of compromising the physis permanently. Finally, the real stan-
dard of extraperiostal tension plates proposed by Stevens [14] that
corrects on average 0.77 degrees/month the mLDFA angle, without
permanent growth plate damage [22].

The treatment of angular deformities of lower limbs is an active
field of research. The use of absorbable and nonabsorbable filament
as hemiepiphysiodesis fixation method has been studied in animal
models, proving to be an effective technique for angular modifi-
cation of the lower limbs and keeping the physeal function intact
at the time of filament removal [19], proposing this technique as
a possibility to perform transient hemiepiphysiodesis. There is a
report of screws and suture use in human, but to our knowledge
there are no studies comparing this technique with the standard
8-plate technique. Therefore our hypothesis was in pediatric pop-
ulation with genu valgum there are no differences in outcome
between hemiepiphysiodesis, using screws and non-absorbable fil-
ament (SNAF) versus 8-plate.

In our report, both the medial distal hemiepiphysiodesis with
SNAF and 8-plate techniques proved to be an effective and safe
method for angular correction of genu valgum in pediatric patients.
The angular correction capacity is similar for both techniques, there
were no significant differences in the magnitude and speed of cor-
rection of the mLDFA. It is worth mentioning that the correction
speed was estimated per month, however, no monthly radiographs
were taken in the children to avoid unnecessary irradiation. Both
procedures resulted in the expected correction in all patients, with
no major perioperative complications, so they present as an effi-
cient alternative for hemiepiphysiodesis in patients with angular
deformity of the lower limbs.

The proposed model is a useful, effective and cost-effective
alternative to the current standard of care (approximately USD
30 vs. USD 800 in our center), which is a particularly important
issue to be consider in public health systems with limited budget
or in developing countries. In addition, the versatility of the system
can be adapted to different geometry and different sizes of physis,
instead the 8-plates that are made for specific geometry and bone
size. If fixation removal is needed, this can be done easily only by
cutting the filament with a scalpel, which could be performed even
under local anesthesia. Screws may eventually be left for sequen-
tial correction. This model has the limitation that the tension of the
filament is not standardized because we do not have the tools to
do this, thus, the tension can be variable.

Although this article has limitations being a retrospective study
with a limited sample size, it has the strength to be the first report
comparing SNAF versus 8-plate technique. In this series of patients,
significant changes were observed between the initial and final val-
ues of IMD using both techniques. When comparing the techniques,
no significant differences were observed between them.

5. Conclusion

Medial distal femoral hemiepiphysiodesis with screws and non-
absorbable filament is an effective and safe method for correction
of mechanical axis and IMD in idiopathic genu valgum in pediatric
patients and postoperative results do not differ with the standard
8-plate technique results. The proposed model is a cost-effective
alternative to the current standard of care for the treatment of genu
valgum.
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