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Aim: The aim of this study was to evaluate the surgical outcome, in terms of gait
improvement, of endoscopic transverse Vulpius gastrocsoleus recession in children with
cerebral palsy compared to the traditional open surgery.
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Methods: Twenty-seven children with cerebral palsy who had undergone endoscopic
transverse Vulpius gastrocsoleus recession were reviewed. For the comparison of gait
improvement, independent ambulatory spastic diplegic patients who had undergone
only endoscopic transverse Vulpius gastrocsoleus recession on both legs were selected.
Seven (14 legs) children were included and the median age was 7 years (6–9 years).
Seven age-matched patients with the same inclusion/exclusion criteria who underwent
open surgery were selected as the control group. Physical examination and gait
parameters were evaluated and compared between groups, including the gait deviation
index (GDI), and gait profile score (GPS).
Results: There was no significant complication in twenty-seven children after
endoscopic transverse Vulpius gastrocsoleus recession. However, one patient required a
revision open surgery at postoperative 1 year 9 months due to the recurrence of equinus
and the incomplete division of the midline raphe which was noted during surgery. When
comparing gait improvements, there were no differences between the endoscopic and
open surgery groups in ankle dorsiflexion angle, ankle kinetics, GDI, and GPS. The
postoperative peak ankle dorsiflexion during stance phase was slightly higher in the
open group.
Conclusion: This is the first study that evaluates gait improvement exclusively
for children with spastic diplegia after endoscopic transverse Vulpius gastrocsoleus
recession. The gait improvements after endoscopic surgery were comparable to the
open surgery, however, the possibility of reduced improvement in ankle kinematics should
be considered.
Keywords: gastrocsoleus, vulpius lengthening, endoscopic surgery, spastic diplegia, equinus
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INTRODUCTION

with cerebral palsy had undergone endoscopic transverse Vulpius
gastrocsoleus recession. According to the gross motor function
classification system (GMFCS) (14), 18 were classification II, 7
were III, and 2 patients were IV. Two patients were diagnosed
with spastic hemiplegia and the others were spastic diplegia.
To compare the gait improvement after endoscopic transverse
Vulpius gastrocsoleus recession, independent ambulators were
selected. The inclusion criteria were spastic diplegia, GMFCS
II, patients who exclusively underwent simultaneous endoscopic
transverse Vulpius surgery only for both legs with follow-up of
more than 2 years. The exclusion criteria were patients with
previous surgeries before the index operation, Botox injection
within 6 months of the surgery, additional foot or lower extremity
surgery, and additional orthopedic surgery during the follow-up
period. Finally, seven patients (14 legs, 6–10 years) were included.
The control group consisted of patients who had undergone open
transverse Vulpius gastrocsoleus recession and met the same
inclusion and exclusion criteria. Age-matched seven patients (14
legs) were selected in our database.

For the correction of ankle equinus, there are several surgical
methods, such as lengthening of the Achilles tendon,
gastrocsoleus recession, and intramuscular lengthening of
gastrocnemius or soleus. Gastrocsoleus recession results in
greater muscle lengthening when compared with intramuscular
lengthening and is also more stable than lengthening of the
Achilles tendon in terms of preventing overcorrection (1).
Recently, surgical outcome of endoscopic gastrocnemius
recession has been reported as safe with minimal incision
scarring (2–6).
A better cosmesis with a reduction in scar size may be one of
the benefits of endoscopic surgery for children with cerebral palsy
and their parents, as the traditional open surgery is associated
with multiple incisions or hypertrophied scars (7). Grady et al.
reported an acceptable outcome of endoscopic gastrocsoleus
recession in children, but all the patients were neurologically
healthy (3). An optimal gastrocsoleus recession is critical because
of the risk of crouch gait from overcorrection, or the possibility
of reoperation after the recurrence of equinus because of under
correction in patients with cerebral palsy (8–11).
Poul et al. reported the improvement of ankle dorsiflexion
angle after endoscopic gastrocsoleus recession in patients with
cerebral palsy (2). However, this was determined by physical
examination only and there was no description about gait
improvement. And, there have been no definitive descriptions
in previous studies about the diagnosis, such as spastic
diplegia or spastic hemiplegia, and the surgical method used
in the endoscopic gastrocsoleus recession, such as whether the
Baumann, Strayer, Vulpius, or Baker method was utilized (8,
9, 11–13). Furthermore, patients with foot and ankle deformity
should be excluded for the evaluation of surgical outcome after
gastrocsoleus recession, because those may act as a selection bias.
The transverse Vulpius gastrocsoleus recession is an effective
procedure for the correction of equinus gait in children with
cerebral palsy and associated fixed gastrocsoleus contracture
(12). Endoscopic transverse Vulpius gastrocsoleus recession
was performed for patients with cerebral palsy who desired
a small incision and minimal scarring in our institute. The
purpose of this study was (1) to review the surgical outcome
of endoscopic transverse Vulpius gastrocsoleus recession in
children with cerebral palsy and (2) to evaluate and compare the
gait improvement with open surgery in independent ambulatory
spastic diplegic patients without foot and ankle bony deformities.

Surgical Procedure
All operations were performed by a single surgeon (XXX). The
indication of the transverse Vulpius gastrocsoleus recession were
<10 degrees improvement of ankle dorsiflexion with increase of
knee flexion or limited ankle dorsiflexion below 5 degrees with
knee flexion. Open transverse Vulpius surgery was performed at
anatomical zone 2 as previously described in the literature (8, 9,
12). The endoscopic transverse Vulpius surgery was performed
first before the other single-event multilevel surgery (SEMLS)
procedures, using an endoscopic carpal tunnel guided release
system (GRS) (Arthrex, Inc., Naples, Florida, USA). Endoscopic
transverse Vulpius surgery was performed at anatomical zone 2
as previously described for in the open procedure (3, 5, 6, 12, 13).
Through a small longitudinal medial incision at zone 2, the
deep fascia was divided, and a synovial elevator was used to
protect the sural nerve and the short saphenous vein (Figure 1).
Following a direct 5 mm transverse fascia incision, a 3.5 mm
arthroscope was used for an endoscopic approach and carpal
tunnel blade proceeded to transversely divide the conjoined
tendon (Figure 2). If the ankle dorsiflexion was <10◦ of the knee
extension after the release of the conjoined tendon, the midline
raphé was divided under arthroscopic view. Postoperatively, if
the patient did not undergo bony surgery, such as calcaneus,
tibia or femur osteotomy as part of SEMLS, immediate weight
bearing with a short-leg cast was used, if tolerated. The cast was
changed to a solid ankle foot orthosis (AFO) at postoperative
4 weeks. When the patient could raise the heels and stand
on one leg, the solid AFO was changed to a hinged AFO. At
postoperative 12 months, the hinged AFO was removed. Final
follow-up gait analysis was recommended after a postoperative
period of 24 months.

MATERIALS AND METHODS
Subjects
This clinical study was approved by the Institutional Review
Board of the research hospital (IRB No. 2016-10-012) and
conformed to the requirements of the Declaration of Helsinki.
All study participants were children whose parents or guardians
provided informed consent for participation in the study.
Between 2012 and 2017, patients who had undergone
endoscopic transverse Vulpius gastrocsoleus recession were
reviewed and the first 10 patients were not included considering
the surgeon’s learning curve. Twenty-seven pediatric patients
Frontiers in Pediatrics | www.frontiersin.org

Evaluation of the Surgical Outcome in
Independent Ambulatory Patients With
Spastic Diplegia
Electronic medical records were reviewed to evaluate any
complication related to the endoscopic surgery. Gait analysis
was performed using the VICON 370 Motion Analysis System
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anatomical muscle-tendon lengths of the medial gastrocnemius
and the lateral gastrocnemius muscles were measured during the
single-limb support phase.
Preoperative and final follow-up values were used for
comparison. The ankle dorsiflexion angle with full knee
extension and with 90◦ knee flexion were compared. For gait
parameters, maximum ankle dorsiflexion angle and maximum
ankle plantarflexion moment were selected, and the maximum
muscle-tendon length of the medial and lateral gastrocnemius
during the stance phase were calculated and compared. As
described in the literature the gait deviation index (GDI) and
the gait profile score (GPS) were calculated and compared (16,
17). The operation time and scar length at the final follow-up
were evaluated.

Statistical Analysis
Statistical analysis was performed using the SPSS statistics
software package, version 23 (IBM Corp, Armonk, NY, USA).
To minimize measurement errors, two trained orthopedic
surgeons performed a physical examination of the patients and
evaluated the postoperative scars, and the mean values of any
measurements were used. The Wilcoxon signed-rank test was
used to compare the preoperative and postoperative values in
the two study groups. The Mann–Whitney U test was used
to compare the results between the two patient groups. The
improvement in ankle dorsiflexion angle, GDI, GPS, ankle
kinematics, ankle kinetics and percent anatomical lengths of
gastrocnemius were also compared between groups. Values were
presented as median (range). The level of significance was
set at P < 0.05.

FIGURE 1 | Endoscopic Vulpius surgery. The femoral condyle and Achilles
tendon were identified and the skin incision at Zone 2 was marked. The carpal
tunnel blade was inserted with an arthroscopy.

RESULTS

FIGURE 2 | Intraoperative endoscopic view. (A) After transverse fascia
incision, the blade was located. (B) At the end of fascia, complete fascia
release, and muscle fiber were confirmed.

Patient Demographic Data and Clinical
Outcome
In 27 pediatric patients with cerebral palsy who had undergone
endoscopic transverse Vulpius gastrocsoleus recession, there
were no complications, such as infections, cast problems or sural
nerve injuries. However, one patient underwent a revision open
gastrocsoleus recession 1 year 9 months postoperatively, because
of a recurred ankle equinus on both sides. During the open
surgery, incomplete division of the midline raphe was noted, but
there was no scar adhesion because of the difference in incisions
between the procedures.
In the endoscopic transverse Vulpius gastrocsoleus recession
surgery group, there were six boys and one girl, with a median
age of 7 years (6–10 years). There were three boys and four girls
in the open surgical group, with a median age of 8 years (6–10
years). The time for the endoscopic operation was 5 min (range
5–6 min) and that for the open operation was 5 min (range, 4–
6 min) (P = 0.285) from skin incision to the complete closure. In
both groups, there was no significant loss of ankle plantarflexion
which demonstrated over-correction or crouch gait at final
follow-up. The length of the postoperative scar was smaller in
endoscopy group (6.5 mm, range 5–9 mm) compared to open
group (28.5 mm, range 20–35 mm) (P < 0.001) (Figure 3).

(Oxford Metrics, Oxford, UK) with six infra-red cameras and
force platforms (Advanced Mechanical Technology, Watertown,
MA, USA). Reflective markers were placed, by the same
experienced examiner, over specified anatomical locations of
the pelvis and lower extremities. All study subjects were asked
to walk barefoot at a comfortable speed along a walkway that
was 15 m in length, with markers in place along the walkway.
Data from at least ten gait trials on this 15 m walkway were
collected, from which, one representative cycle was chosen for
analysis. Force-plates under the path recorded ground reaction
forces during walking, and joint moments were expressed as
internal moments to counter the ground reaction force. Muscletendon length was calculated using the Polygon software package
(version 3.0, Oxford Metrics, Oxford, UK) using kinematic data.
The standard generic model was scaled to the individual subject
size by using three-dimensional kinematic data from pelvic
anatomical landmarks. Muscle-tendon length was expressed as
percentage ratio based on muscle-tendon length during gait
vs. muscle-tendon length in the resting state (15). The average
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FIGURE 4 | The changes of peak ankle dorsiflexion in each groups.

and open group) were increased in both groups after the
operations (Figure 4).

FIGURE 3 | The appearance of scar at final follow-up. The scar was very small
and invisible after endoscopic transverse Vulpius gastrocsoleus recession (A)
compared to open surgery (B).

Comparison of the Gait Analysis Between
Groups

TABLE 1 | Comparison of clinical evaluation (degrees).

There were no significant differences in preoperative gait
parameters between the two groups. The maximum ankle
dorsiflexion during stance phase was improved from 12.1
degrees (range, −17.2 to 22.7 degrees) to 15.5 degrees
(range, 3.4 to 29.6 degrees) in endoscopy group (P = 0.011)
and from 11.4 degrees (range, −15.2 to 22.7 degrees) to
15.9 degrees (range, 3.2 to 29.1 degrees) in open group
(P = 0.008) (Figure 5). The gait deviation index (GDI)
was improved in endoscopy group (preoperative 54.5, range
26.4–79.1 and postoperative 55.4, range 36.9–98.6, P =
0.022) and in open group (preoperative 55.6, range 42.9–
73.8 and postoperative 63.1, range 46.2–95.7, P = 0.006).
The gait profile score (GPS) was also significantly improved
in endoscopy group (preoperative 15.3, range 6.7–30.0 and
postoperative 13.9, range 6.0–23.3, P = 0.022) and in open group
(preoperative 14.3, range 9.2–17.8 and postoperative 12.1, range
5.9–17.3, P = 0.006).
There was not a significant difference between groups in
postoperative gait parameters, except ankle dorsiflexion. The
maximum ankle dorsiflexion during stance phase was higher
in the open group (15.9◦ , range 3.4–29.6◦ ) compared with
the endoscopy group (15.5◦ , range 3.2–29.1◦ ) (P = 0.009)
(Table 2). However, there was not a significant difference in
the improvement of maximum ankle dorsiflexion during stance
phase between endoscopy (10.9◦ , range −9.7 to 29.0◦ ) and open
(7.4◦ , range −6.1 to 18.5◦ ) group (P = 0.804) and also the
improvement of GDI (6.3, range −6.6 to 25.0 in endoscopy group
and 6.8, range −6.9 to 21.9 in open group) and GPS (2.4, range
−2.6 to 9.9 in endoscopy group and 2.1, range −1.5 to 5.7 in
open group) were not differ between groups (P = 0.571, 0.454,
respectively) (Table S1).

Endoscopy group Open group P value
Preoperative Peak ankle dorsiflexion
with knee extension

−5 (−20 to 0)

−5 (−35 to 0) 0.946

Peak ankle dorsiflexion
with knee 90
degree flexion

0 (−10 to 15)

0 (−10 to 10) 0.910

Postoperative Peak ankle dorsiflexion
with knee extension

10 (−10 to 20)

10 (0 to 10)

0.427

Peak ankle dorsiflexion
with knee 90
degree flexion

20 (−5 to 25)

20 (0 to 25)

0.910

Comparison of the Physical Examination
Between Groups
There were no significant differences in preoperative peak
ankle dorsiflexion with knee extension (-5◦ , range −20 to
0 and −35 to 0, respectively) and peak ankle dorsiflexion
with knee 90 degree flexion (0◦ , range −10 to 15 and
−10 to 10, respectively) in both group. Postoperatively, peak
ankle dorsiflexion with knee extension (10◦ , range −10 to
20 and 0 to 10, respectively) and peak ankle dorsiflexion
with knee 90 degree flexion (20◦ , range −5 to 25 and
0 to 25, respectively) demonstrated no statistical difference
between groups (Table 1). In both groups, each one leg was
recorded as Silfverskiöld positive; however transverse Vulpius
gastrocsoleus recession surgery was performed like another leg.
Ankle dorsiflexion with knee extension (P = 0.002, 0.002,
respectively, endoscopy and open group) and ankle dorsiflexion
with knee flexion (P = 0.001, 0.001, respectively, endoscopy
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FIGURE 5 | Ankle sagittal kinematics pre- and postoperatively for endoscopy and open group.

TABLE 2 | Comparison of gait deviation index (GDI), gait profile score (GPS), and gait parameters during stance phase.

Preoperative

Endoscopy group

Open group

Gait deviation index

54.5 (26.4 to 79.1)

55.6 (42.9 to 73.8)

0.482

Gait profile score

15.3 (6.7 to 30.0)

14.3 (9.2 to 17.8)

0.329

12.1 (−17.2 to 22.7)

11.4 (−15.2 to 22.7)

0.778

1.0 (0.8 to 1.4)

0.8 (0 to 1.2)

0.842
0.606

Maximum ankle dorsiflexion (degrees)
Maximum ankle plantarflexion moment (Nm/kg)

Postoperative

P value

Maximum lateral gastrocnemius percent anatomical length

1.23 (1.12 to 1.31)

1.22 (1.16 to 1.3)

Maximum medial gastrocnemius percent anatomical length

1.24 (1.14 to 1.32)

1.23 (1.18 to 1.32)

0.578

Gait deviation index

55.4 (36.9 to 98.6)

63.1 (46.2 to 95.7)

0.194

Gait profile score

13.9 (6.0 to 23.3)

12.1 (5.9 to 17.3)

0.137

Maximum ankle dorsiflexion (degrees)

15.5 (3.4 to 29.6)

15.9 (3.2 to 29.1)

0.009

Maximum ankle plantarflexion moment (Nm/kg)

0.9 (0.6 to 1.1)

1.0 (0.7 to 1.8)

0.936

Maximum lateral gastrocnemius percent anatomical length

1.22 (1.17 to 1.38)

1.22 (1.18 to 1.38)

0.241

Maximum medial gastrocnemius percent anatomical length

1.24 (1.17 to 1.34)

1.24 (1.18 to 1.34)

0.596

DISCUSSION

can be better identified using the light of endoscopy (2, 4–6).
However, we could not identify the sural nerve more easily under
endoscopy but we found that there was no need to identify the
sural nerve because the skin incision is on the medial side and the
procedure is conducted under the fascia. Furthermore, we did not
experience any difficulty to protect the sural nerve even during
the open surgery.
Although there was no significant complication, one patient
who had undergone endoscopy surgery required open revision
surgery because of an early recurrence of ankle equinus. The
ankle dorsiflexion was improved after endoscopy surgery, but
the gait improvement was not so satisfied. At postoperative 1year, equinus gait has still existed without AFO. During the
revision surgery, the soft tissue adhesion was less compared to
those after open gastrocsoleus recession, and this may be related
to the different incision sites and lack of longitudinal fascia
stripping during the endoscopic surgery. We could not identify
the exact cause of early recurrence, but a remnant of midline
raphé due to incomplete division was noted. We suspect that
insufficient muscle lengthening resulted due to the difficulty in
the division of the midline raphe (9, 12). The fascia’s cutting line
in the endoscopic technique is of the coronal plane, however
the midline raphé should be cut in the sagittal plane (Figure 6).
Therefore, it is difficult to cut the deep portion of midline raphe

The gastrocsoleus muscle and tendon unit is divided into three
anatomical zones. Zone 2 extends from the medial end of the
gastrocnemius muscle, to the end of the soleus muscle and this
layer is referred to as the conjoined gastrocnemius aponeurosissoleus fascia (1, 18). Transverse Vulpius gastrocsoleus recession
is a Zone 2 procedure, which lengthens both the gastrocnemius
and soleus muscles equally (9, 12, 13). Endoscopic gastrocsoleus
recession is an alternative method for the correction of equinus
gait and it has shown to result in smaller postoperative scars
and protection of the sural nerve due to the improved anatomic
visualization with endoscopy (2, 3, 5, 6). However, there was little
evidence for the efficacy and safety of endoscopic gastrocsoleus
recession in patients with cerebral palsy. We reviewed 27
children with cerebral palsy who had undergone endoscopic
transverse Vulpius gastrocsoleus recession and compared the
gait improvement in independent ambulatory spastic diplegia
between open and endoscopic surgery.
The main advantage of endoscopic transverse Vulpius
gastrocsoleus recession surgery is the small incision and in our
experience, it was difficult to identify the scar at final followup. Previous studies have reported that another advantage of
endoscopic surgery was the protection of sural nerve as it
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more severe, there might be a difference in the improvement of
ankle dorsiflexion and this is a more important clinical outcome
for patients with cerebral palsy than a smaller postoperative scar.
In our opinion, when the patient and parent desire a small
incision and isolated recession of the gastrocsoleus is required
to improve the pathological gait, endoscopic transverse Vulpius
gastrocsoleus recession surgery would be considered. However,
if the ankle dorsiflexion was not sufficiently achieved, open
division of the midline raphé should be considered in children
with cerebral palsy. Another disadvantage of the endoscopic
procedure may be the additional preoperative preparation
time and expense of the endoscopic equipment. Although
the operation time from skin incision to closure was about
5 min, the endoscopic technique required more time to prepare.
We were unable to compare the additional expense of the
endoscopic equipment, because the endoscopic gastrocsoleus
recession procedure was not supported by the national health
insurance in our country. We did not charge the patients for
the endoscopic surgery, so there was no difference in the cost
between open and endoscopic group in this study. However, the
endoscopy surgery is most likely to be more costly due to the
preparation of the equipment. The limitations in the division
of the midline raphé, additional time and expense should be
considered before the surgical decision is made.
This study was a retrospective study, performed by a single
surgeon, and had several limitations. First, the patients used
for the comparison of gait improvement were between 6 and
10 years-of-age, with spastic diplegia, bilateral leg operations
and GMFCS level II, and due to the strict inclusion criteria,
the number of included patients were small. Additionally, a
midfoot break may act as a measurement bias because 3segment foot model had not applied previously. However,
there was no differences in the preoperative pathologic
gait between two groups because of the strict criteria and
they had no bony deformity that may act as a bias.
Furthermore, the selection of patients who had undergone
this isolated surgery was difficult as it is a component of
a SEMLS. There may be a difference in the experience
of the surgeon with endoscopic surgery and considering
the associated learning curve, we excluded the first 10
patients. In this study, follow-up gait analysis outcomes were
compared after 2 years of postoperative follow-up. However,
skeletal maturation in growing children with cerebral palsy
may affect their gait and long-term follow-up study should
be conducted.
In children with cerebral palsy, endoscopic transverse Vulpius
recession has the advantage of a minimal and more cosmetic
scar. In independent ambulatory patients with spastic diplegia,
the significant improvements of ankle dorsiflexion and gait
parameters after endoscopic transverse Vulpius recession were
confirmed and found to be comparable to the open surgery.
However, there may be some difficulties in the division of
the midline raphé during the endoscopic procedure, and the
insufficient lengthening may relate to undercorrection or result in
the early recurrence of ankle equinus. In our opinion, endoscopic
transverse Vulpius recession should be recommended for the
spastic diplegic patients with mild equinus gait only. Surgeon

FIGURE 6 | Schematic draw about three zones, different treatment options,
and the difficult division of midline raphe. (A) The solid arrow is the cutting line
of conjoined tendon during endoscopic transverse Vulpius gastrocsoleus
recession and the black round circle is the skin incision area. (B) After the
recession of conjoined tendon, the midline raphé can be seen between the
muscle belly of soleus. The direction of endoscopic blade is vertical to the
direction of midline raphe (dashed arrow). The deep portion of midline raphe is
buried in the muscle belly and it is difficult to cut the deep portion with
endoscopic blade.

as it is buried in the muscle belly. If there is insufficient muscle
lengthening after the endoscopic surgery, this may result in
variable gait improvement.
Endoscopic transverse Vulpius gastrocsoleus recession
surgery can be used as part of SEMLS to improve the gait of
cerebral palsy patients and as such gait improvement should
be a prerequisite comparison treatment outcome. The gait
deviation index (GDI) and gait profile score (GPS) were
significantly improved in both the open and endoscopic group.
Although the improvement was quite small, previous studies
have shown that the minimal clinically significant difference
for the GPS is a 1.6◦ difference (19). This may be related to
the strict inclusion/exclusion criteria for the comparison of
gait improvement to include only independent ambulatory and
exclude other bony deformity. The pathologic gait in this study
group was only the equinus gait and this is most likely associated
with the small improvement of GDI or GPS.
The gait improvement and the increase of ankle dorsiflexion
angle during stance phase were noted after both procedures,
however the postoperative ankle dorsiflexion angle during stance
phase was greater in the open surgery group. Although the
lengthening of gastrocsoleus was successful in both techniques,
endoscopic transverse Vulpius gastrocsoleus recession was found
to be less effective in terms of increasing ankle dorsiflexion angle
due to the limitations in releasing the midline raphé. In the
physical examination, the median value of preoperative ankle
dorsiflexion with the knee in 90-degree flexion was 0◦ . In a
recently published study, the indication for a transverse Vulpius
gastrocsoleus recession was suggested to be the presence of a 15◦
equinus when the knee is in flexion (9). However, we didn’t apply
this indication previously and so the ankle dorsiflexion in this
study was less severe. If the preoperative ankle dorsiflexion was
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listed as authors meet the appropriate authorship criteria, nobody
who qualifies for authorship has been omitted from the list. In
brief, all authors contributed to the conception and design of
the research.

should be aware the advantages and disadvantages of the
endoscopic transverse Vulpius gastrocsoleus recession.

DATA AVAILABILITY STATEMENT

FUNDING

The datasets generated for this study are available on request to
the corresponding author.

This study was supported by a grant from the Severance
Children’s Hospital, Yonsei University College of Medicine
(C-2019-0019).

ETHICS STATEMENT
The studies involving human participants were reviewed and
approved by Haeundae Paik Hospital Institutional Review
Board. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next
of kin.

ACKNOWLEDGMENTS
The authors wish to thank Young-Chang Kim, MD for his advice
and Dong-Su Jang, MFA (Medical Illustrator), for his help with
the electronic artwork.

AUTHOR CONTRIBUTIONS

SUPPLEMENTARY MATERIAL

D-WK, J-YY, and M-KO: data analysis. HK: supervision. K-BP
and D-WK: drafted the manuscript. K-BP and IR: edited and
revised the manuscript. All authors have read the manuscript
and agreed to its being submitted for publication and individuals

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2020.00112/full#supplementary-material

REFERENCES

12. Tinney A, Thomason P, Sangeux M, Khot A, Graham HK. The transverse
Vulpius gastrocsoleus recession for equinus gait in children with cerebral
palsy. Bone Joint J. (2015) 97-B:564–71. doi: 10.1302/0301-620X.97B4.
34887
13. Vulpius O, Stoffel A. Tenotomie der end schnen der mm. Gastrocnemius el
soleus mittels rutschenlassens nach. Orthopadische Oper. (1920). p. 29–31.
14. Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B.
Development and reliability of a system to classify gross motor function
in children with cerebral palsy. Dev Med Child Neurol. (1997) 39:214–23.
doi: 10.1111/j.1469-8749.1997.tb07414.x
15. Zajac F. Muscle and tendon: properties, models, scaling, and application to
biomechanics and motor control. Crit Rev Biomed Eng. (1989) 17:359–411.
16. Schwartz MH, Rozumalski A. The gait deviation index: a new
comprehensive index of gait pathology. Gait Posture. (2008) 28:351–7.
doi: 10.1016/j.gaitpost.2008.05.001
17. Baker R, McGinley JL, Schwartz MH, Beynon S, Rozumalski A, Graham HK,
et al. The gait profile score and movement analysis profile. Gait Posture. (2009)
30:265–9. doi: 10.1016/j.gaitpost.2009.05.020
18. Elson DW, Whiten S, Hillman SJ, Johnson RJ, Lo SS, Robb JE. The
conjoint junction of the triceps surae: Implications for gastrocnemius tendon
lengthening. Clin Anat. (2007) 20:924–8. doi: 10.1002/ca.20544
19. Baker R, McGinley JL, Schwartz M, Thomason P, Rodda J, Graham HK.
The minimal clinically important difference for the Gait Profile Score. Gait
Posture. (2012) 35:612–5. doi: 10.1016/j.gaitpost.2011.12.008

1. Firth GB, McMullan M, Chin T, Ma F, Selber P, Eizenberg N, et al. Lengthening
of the gastrocnemius-soleus complex: an anatomical and biomechanical
study in human cadavers. J Bone Joint Surg Am. (2013) 95:1489–96.
doi: 10.2106/JBJS.K.01638
2. Poul J, Tuma J, Bajerová J. Video-assisted gastrocnemius-soleus and hamstring
lengthening in cerebral palsy patients. J Pediatr Orthop B. (2008) 17:81–4.
doi: 10.1097/01.bpb.0000302748.66435.e9
3. Grady JF, Kelly C. Endoscopic gastrocnemius recession for treating
equinus in pediatric patients. Clin Orthop Relat Res. (2010) 468:1033–8.
doi: 10.1007/s11999-009-1084-3
4. Lui TH. Endoscopic Gastrocnemius Intramuscular Aponeurotic Recession.
Arthrosc Tech. (2015) 4:e615–8. doi: 10.1016/j.eats.2015.06.011
5. Saxena A, Widtfeldt A. Endoscopic gastrocnemius recession:
preliminary report on 18 cases. J Foot Ankle Surg. (2004) 43:302–6.
doi: 10.1053/j.jfas.2004.07.001
6. Tashjian RZ, Appel J, Banerjee R, DiGiovanni CW. Endoscopic gastrocnemius
recession: evaluation in a cadaver model. Foot Ankle Int. (2003) 24:607–13.
doi: 10.1177/107110070302400807
7. Urgery S, Ncorporated I, Davids JR, Diaz K, Leba T, Adams S, et al.
Outcomes of cutaneous scar revision during surgical implant removal in
children with cerebral palsy. J Bone Joint Surg Am. (2016) 98:1351–8.
doi: 10.2106/JBJS.15.01418
8. Graham HK, Thomason P, Novachek T. Cerebral palsy. In: Weinstein S,
Flynn J, editors. Lovell & Winter’s Pediatric Orthopaedics. Philadelphia, PA:
Lippincott Williams & Wilkins (2014). p. 188–218.
9. Tinney A, Khot A, Eizenberg N, Wolfe R, Graham HK.
Gastrocsoleus recession techniques. Bone Joint J. (2014) 96:778–82.
doi: 10.1302/0301-620X.96B6.33700
10. Segal LS, Thomas SE, Mazur JM, Mauterer M. Calcaneal gait in spastic diplegia
after heel cord lengthening: a study with gait analysis. J Pediatr Orthop. (1989)
9:697–701. doi: 10.1097/01241398-198911000-00013
11. Shore BJ, White N, Graham HK. Surgical correction of equinus deformity
in children with cerebral palsy: a systematic review. J Child Orthop. (2010)
4:277–90. doi: 10.1007/s11832-010-0268-4

Frontiers in Pediatrics | www.frontiersin.org

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Kim, Kim, Yoon, Rhee, Oh and Park. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

7

March 2020 | Volume 8 | Article 112

