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Abstract

Objectives: Regardless of the surgical techniques, outcomes of
symptomatic adult Chiari malformation 1 (CM1) with or without syrinx
(SX) are debatable. This study aimed to assess and compare the clinical
outcomes of 2 surgical procedures: posterior fossa decompression with or
without duraplasty (PFD+DP) and Stealth cranioplasty (SC).

Methodology: This comparative cross-sectional study was conducted on
adult CM1 patients who underwent PFD+DP and SC, from June 2019 to
May 2021. Clinical outcomes were evaluated and compared by changes in
clinical symptoms and signs, the Chicago Chiari Outcome Scale (CCOS)
scoring, and the rate of complications.

Results: This study was conducted on 53 symptomatic adult CM1 patients
of an average age of 30.35 £ 7.49 years, with or without SX. 30 patients
(56.6%) underwent PFD=DP and 23 (43.4%) underwent SC. No significant
statistical difference in postoperative changes in symptoms or neurological
findings was found between the 2 groups. The mean CCOS score of the SC
group (13.00 + 1.78) was significantly better (p 0.001) than the PFD+DP
(11.46 £+ 1.25) group. Categorizing outcomes into groups based on CCOS
was also significantly better (p 0.001) in the SC group. 11 patients (36.7%)
had complications in the PFD+DP group while none of the patients in the
SC group had complications which was statistically significant (p 0.003).

Conclusion: The SC group fared better than the PFD+DP group concerning
outcomes based on CCOS and rate of complications. Thus, SC can be a
good option in managing symptomatic adult Chiari malformation 1 with
or without syrinx.

Keywords: Chiari malformation 1; Syrinx; Stealth Cranioplasty; Posterior
Fossa Decompression

Highlights

1. Chiari malformation 1 (CM1) is still as enigmatic an entity as it was since
its first mention.

2. The clinical outcomes are perplexing despite endless endeavors with
innovations of numerous surgical techniques and the management still
formidable.

3. Stealth cranioplasty (SC) is a good surgical technique with good clinical
outcomes.

4. The postoperative complication rate is remarkably low in Stealth

cranioplasty than in traditional procedures.
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Abbreviations list

C1: First cervical vertebra

CCOS: Chicago Chiari Outcome Scale
CM1: Chiari malformation 1

CSF: Cerebrospinal fluid

CV1I: Craniovertebral junction

FM: foramen magnum

PFD+£DP: Posterior fossa decompression with or without
duraplasty

SC: Stealth cranioplasty
SX: Syrinx

Introduction

From the very beginning of its discovery, Chiari
malformation 1 (CM1) remains as enigmatic as ever. Its
pathophysiology, diagnosis, management, and prognosis
are still baffling. The outcomes vary a lot depending on
the duration of symptoms, presentation, and management
protocol. Often the accompanying syringomyelia (SM) with
CM1 makes the management more complicated and the
outcomes also vary.

CM1, the mildest form of the Chiari spectrum, is defined
as more than 5 mm of caudal displacement of the tonsils
below the foramen magnum in adults [1-6]. However, other
than tonsillar ectopia combinations of different clinical
and radiological findings are essential in decision-making
for diagnosis and treatment [3]. CM1 has generally been
recognized as a disorder of the craniovertebral junction (CVJ)
resulting from a small posterior fossa with overcrowding of
the neural structures. Disruption of cerebrospinal fluid (CSF)
flow resulting in altered dynamics around the CVJ owing
to impediment around the foramen magnum (FM) by the
herniated tonsils often leads to associated syringomyelia
[1,4-9].

The surgery for CM1, associated with or without SX, is
primarily directed to decompress the neural elements around
the CVJ and restore CSF flow and dynamics as much as
possible [1,10,11]. Posterior fossa decompression with or
without duraplasty (PFD+DP) along with the removal of
the posterior arch of the first cervical vertebra (C1) is the
most commonly performed and widely accepted surgical
technique for CM1 and associated SX. Various combinations
of surgical procedures have evolved to achieve improvement
in symptoms and signs as well as to minimize complications
[4,9-11].

Generally, current surgical strategies can achieve
satisfactory success in providing a favorable outcome [4].
However, the heterogeneous array of the population, small
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cohorts, and retrospective nature of most of the studies make
the outcomes widely variable. Different factors like duration
of symptoms, presence of SM, and discrepancy in outcomes
pose difficulty in coming to a concrete decision about any
definitive surgical protocol [9,10,12]. With advanced
technologies and research, the pathophysiology of CMI
and SX are gradually unfolding but at the same time, newer
dimensions of the complex nature are emerging. With all the
odds, a definitive surgical protocol appears to be a remote
possibility in these circumstances. Many modifications
centering on this basic idea have been introduced and each
has its own merits and demerits.

After a long way of trial and error, we have introduced our
technique, Stealth cranioplasty (SC). This study compared the
clinical outcomes between SC and the traditional commonly
practiced procedure, the PFD=DP with the removal of the C1
posterior arch in regard to changes in pre and postoperative
symptoms, neurological signs, the Chicago Chiari Outcome
Scale (CCOS) score, or rate of complications. From the results
of this study, SC appears to be a good surgical technique
considering its outcome.

Materials and Methods
Patient selection

After obtaining approval from the institutional review
board (IRB) of Bangabandhu Sheikh Mujib Medical
University (BSMMU) (NO. BSMMU/2019/3941), Dhaka,
Bangladesh, patients were recruited for this cross-sectional
observational study between June 2019 to May 2021. All
consecutive adult symptomatic Chiari malformation patients
with or without syringomyelia with postoperative follow-up
of a minimum of 3 months were evaluated. All the patients
undergoing SC or PFD+DP met the same inclusion and
exclusion criteria with no history of any previous cranial
surgery or comorbidity, and it was the surgeon’s choice to
select the procedure.

Inclusion criteria

Patients in both groups were recruited for the study if
they: 1. had a preoperative diagnosis of Chiari malformation 1
confirmed by tonsillar descent >5 millimeters with or without
syringomyelia. 2. were aged >18 years. 3. had symptoms and
signs related to CM1 and/or SM. 4. underwent any of the 2
practiced surgical procedures, posterior fossa decompression
with or without duraplasty (PFD+DP) and stealth cranioplasty
(SO).

Exclusion criteria

Patients were excluded from the study if they: 1. had
associated anomalies other than CM 1 like basilar invagination,
atlanto-axial dislocation, or hydrocephalus. 2. did not have a
minimum of 3 months of follow-up clinically. 3. refused to
give consent to take part in the study.
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Procedural details

For surgery, informed written consent was obtained
from the patients or their legal guardians for one of the two
procedures. Posterior fossa decompression with or without
duraplasty included suboccipital craniectomy (3 cm X 3
cm approx.) and removal of the posterior arch of the C1
with or without the best possible watertight duraplasty with
pericranium or fascia Lata following Y shaped dural opening
depending on the surgeon’s choice. During the dural opening,
the arachnoid was not opened except for accidental breaches
where watertight dural closure was ensured by the application
of glue. On the other hand, the Stealth cranioplasty, which we
described earlier in detail (13-15), comprised of 3 cm X 3 cm
suboccipital craniectomy with removal of the posterior arch
of the C1 (Figure 1A), midline linear arachnoid preserving
durotomy (Figure 1B), duraplasty with a strip of the
superficial layer of the deep cervical fascia (Figure 1C), and
finally followed by cranioplasty with a pre-shaped 5 cm X 5
cm titanium mesh which resembles the cockpit of a Stealth
bomber with flat wings (Figure 1E) fixed with screws around
the margin of the craniectomy and tacking of the duraplasty
with the titanium mesh (Figure 1D). Arachnoid was not
breached in any of the cases of Stealth cranioplasty as it is
one of the prime philosophies of the procedure.

All the patients were evaluated at 3 months postoperatively
for changes in symptoms like occipital headache, neck pain,
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arm pain, limb weakness, wasting, paraesthesia, and gait
disturbance as well as changes in neurological signs like
weakness of limbs, wasting, dissociated sensory loss, gait
disturbance, and cerebellar signs. Patients were evaluated
by the Chicago Chiari outcome scale score to measure
the outcome. Complications were assessed by observing
infection, cerebellar sagging, CSF leak, hydrocephalus, or
pseudomeningocele.

Statistical analysis

The parametric data like the CCOS scores were expressed
as mean £ SD and were compared via unpaired t-test. Non-
parametric data like the number of patients having different
changes in Symptoms / Complaints and neurological findings,
the number of patients in different categories of the CCOS, and
the number of patients having complications were expressed
as medians and compared via Chi-square test. Adjustment of
confounding variables was not needed. All statistical analysis
was performed using SPSS 23 software. A p-value <.05 was
considered to be statistically significant.

Results
Overview

This study was conducted on 53 adult symptomatic CM 1
patients with or without SM, 30 and 23 of whom underwent,
PFD+£DP and SC respectively. The average age of the 37
males and 16 females enrolled in the study was 30.35 + 7.49

Figure 1: Steps of Stealth cranioplasty which comprised of 3 cm X 3 cm suboccipital craniectomy with removal of the posterior arch of the C1
(1A); a midline linear arachnoid preserving durotomy (1B); and duraplasty with strip of the superficial layer of the deep cervical fascia (1C).
Cranioplasty is done with a 5 cm X 5 cm titanium mesh that is pre-shaped like the Stealth bomber cockpit with flat wings (1E). The cranioplasty
is fixed with screws and tacking of the duraplasty with the titanium mesh is done (1D).
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years ranging from 18 to 47 years. All the patients were
assessed preoperatively and were followed up postoperatively
to evaluate outcomes clinically with history and neurological
examination as well as observing the complications.

Preoperative data
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Regarding preoperative symptoms, out of 53 patients
altogether in 2 groups, 29 (54.7%) patients had occipital
headache, 45 (84.9%) had neck pain, 9 (17.0%) had arm
pain, 48 (90.6%) had paraesthesia, 46 (86.8%) had weakness
of limbs, and 11 (20.8%) had gait disturbance. (Table 1)

Table 1: Postoperative Symptoms / Complaints Change

Surgery Symptoms / Complaints p-value
1 =
Occipital Headache
PFD+DP 13/19 (68.4%) 6/19 (31.6%)
STEALTH 9/10 (90.0%) 1/10 (10.0%) 0367
Neck pain
PFDxDP 16/27 (59.3%) 11/27 (40.7%) 0.616
STEALTH 12/18 (66.7%) 6/18 (33.3%)
Arm pain
PFDxDP 3/7 (42.9%) 417 (57.1%) ]
STEALTH 1/2 (50.0%) 1/2 (50.0%)
Paresthesia
PFD+DP 5/25 (20.0%) 20/25 (80.0%) 0.25
STEALTH 8/23 (34.8%) 15/23 (65.2%)
Weakness
PFD+DP 5/25 (20.0%) 20/25 (80.0%) 0.001
STEALTH 14/21 (66.7%) 7/21 (33.3%)
Gait disturbance
PFD+DP 1/6 (16.7%) 5/6 (83.3%) 0.545
STEALTH 2/5 (40.0%) 3/5 (60.0%)
Chi-square test was done
Same =, Improved
Table 2: Post-Operative change in neurological finding.
Surgery T Symptoms / Complaints p-value
Weakness
PFD+DP 4/25 (16.0%) 21/25 (84.0%) 0.0274
STEALTH 10/21 (47.6%) 11/21 (52.4%)
Dissociated Sensory loss
PFDxDP 5/25 (20.0%) 20/25 (80.0%) 0.354
STEALTH 7/22 (31.8%) 15/22 (68.2%)
Gait disturbance
PFD+DP 0/6 (0.0%) 6/6 (100.0%) 0.455
STEALTH 2/6 (33.3%) 4/6 (66.7%)
Wasting
PFD+DP 19/19 (100.0%)
STEALTH 16/16 (100.0%)
Cerebellar Signs
PFD+DP 1/1 (100.0%)
STEALTH 2/2 (100.0%)

Chi-square test was done
Same =, Improved 1
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Table 3: Post-operative CCOS.

CCOS [n (%)]

Surgery

4 5-8 9-12
PFD+DP - - 24/30 (80.0%)
STEALTH - - 8/23 (34.8%)

aChi-Square test and *Unpaired t test was done

4 = Incapacitated outcome; 5 — 8 = Impaired outcome; 9 — 12 = Functional outcome; 13 — 16 = Excellent outcome

Table 4: Complications in different types of surgery.

Surgery Infection Cerebellar sagging CSF leak
PFDxDP 1/30 (3.3%) 5/30 (16.7%) 3/30 (10.0%)
STEALTH 0/23 (0%) 0/23 (0%) 0/23 (0%)

Chi-Square test was done

Preoperative neurological signs comprised weakness of limbs
in 46 (86.79%), dissociated sensory loss in 47 (88.68%),
gait disturbance in 12 (22.64%), wasting in 35 (66.04%),
and cerebellar signs in 3 (5.66%) out of 53 patients. (Table
2) There was no significant difference in the patients’
preoperative clinical status between the 2 groups regarding
symptoms and findings as well as radiological findings like
syringomyelia, which was absent only in 2 patients in the
PFD=DP group.

Postoperative data

Postoperatively, combined in both the groups, occipital
headache in 22 (75.9%), neck pain in 28 (62.2%), arm pain
in 4 (44.4%), paraesthesia in 13 (27.1%), weakness of limbs
in 19 (41.3%) and gait disturbance in 3 (27.3%) patients
improved in those who had these symptoms. Among the
groups, only the weakness of the limb improved significantly
(p 0.001) in the SC group than in the PFD+DP group.
(Table 1)

Postoperative neurological examination of all 53 patients
revealed improvement of weakness of limbs in 14 (30.4%),
dissociated sensory loss in 12 (25.5%), and gait disturbance
in 2 (16.7%) while none of the 35 patients having wasting or
3 patients having cerebellar sign improved. (Table 2)

CCOS scores were significantly better in the SC group
than in the PFD+DP group both category-wise (p 0.001) and
while measuring mean CCOS scores (p 0.001). (Table 3)

Postoperative complications were very high in
the PFD+DP group. Most of the complications were
CSF-relatedand cerebellarsagging. There wasnocomplication
in any form in the SC group and this was significantly better
(p 0.003) in the SC group than in the PFD+DP groups.
(Table 4)

CCOs
13-16 p-value Mean * SD p-value
6/30 (20.0%) 11.46 £ 1.25
20.001 ©0.001
15/23 (65.2%) 13.00+ 1.78
HCP Pseudomeningocele Total P-value
11/30
0, 0,
1/30 (3.3%) 1/30 (3.3%) (36.7%) 0.003
0/23 (0%) 0/23 (0%) 0/23 (0%)
Discussion

Chiari malformation 1 is defined as caudal ectopia of
the cerebellar tonsils more than 5 mm beyond the foramen
magnum in adults. However, blending both the clinical and
radiological findings is essential for the definitive diagnosis
and more significantly, for decision-making in management
and evaluating the outcomes [3,5,6].

CMI1 is generally a congenital disorder where the
anomaly occurs around the craniovertebral junction. Shallow
and crowded posterior fossa and disparity of CSF flow and
dynamics between the cranial and spinal compartments lead
to tonsillar herniation, which consequently often leads to the
formation of syringomyelia [4,5,7,16].

CMI patients may present with a myriad of symptoms,
which progress gradually in response to the tonsillar herniation
leading to compression of the neural structures around the
CVI. Most of the symptoms arise from the involvement of the
cerebellum, brainstem, or spinal cord, and the subsequent and
frequent formation of SX. Patients commonly present with
Valsalva maneuver-related occipital headache along with
numerous other symptoms. Occasionally, patients may even
be asymptomatic and diagnosed by incidental image findings
only [1,4,7,16].

Surgical management aims to decompress the crowded
posterior fossa and the CVJ as well as to reestablish the CSF
flow and dynamics. The well-accepted and the most practiced
surgery for both CM1 and associated SX is the posterior fossa
bony decompression with or without duraplasty and removal
of the posterior arch of Cl. Combinations of different
surgical techniques with this have evolved and each has its
arguable advantages and disadvantages. All the measures
eventually aim to improve symptoms and signs and alleviate
the complications and prevent recurrences [4,6,9-11]. Our
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procedure aims to alleviate the pathology at the CVJ to get
relief of the Chiari-related symptoms. We do not do anything
additional for SM as we believe and have seen from our
experience that once the CVJ is decompressed and CSF flow
and dynamics are restored, the SM automatically tends to
resolve.

The selection of patients of CM1 for surgery and the
need for tailoring surgery accordingly need to be considered
for every individual patient. Although the present surgical
techniques yield better results than before, outcomes of
different modalities of surgery for CM1 are still varied.
Defining any absolute scale to measure outcomes is also
difficult and is a big reason for diverse results. In this
study, we compared the clinical outcomes between SC and
commonly practiced procedure, PFD+DP and we feel the
technique of Stealth cranioplasty, that we introduced, is a
good one considering its outcomes.

Most of the adult CM1 patients are affected in their 3™
and 4" decades, and females outnumber males in most of
the series [2,9-11,17,18]. Contrary to the findings in the
literature, most of our patients were in the age group of 18-30
years (52.8%) and most of the patients were males (69.8%).
The variations of the dimensions of the posterior fossa as
well as the diameter of the foramen magnum resulting from
racial variations may have some role in the relatively early
manifestations in the patients. And the male dominance may
have resulted from the fact that males in our country start
to work at an early age and most of them are manual heavy
workers which possibly affects the existing problems to
manifest more and earlier also in them.

The mean duration of symptoms in our series was 36.24
+ 20.28 months. Although many patients (n=22, 41.5%)
presented with symptoms within 0-24 months, most of the
patients (n=31, 58.5%) presented after more than 2 years
of having symptoms, and even as late as after 8 years. This
late presentation reflects illiteracy, negligence, and lack
of awareness about the condition, in addition to financial
constraints sometimes. In most of the literature, the duration
of symptoms is about 1 year, albeit, more than 3 years of
duration of symptoms has also been described in some series
[4,18,19].

Duration of symptoms has a profound influence over
the outcome as works of literature show that the longer the
duration of symptoms the worse the prognosis. This stresses
the urgency to diagnose and treat at the earliest to prevent or
even reverse the deficits in some cases [3,20,21]. We also
agree with the importance of earlier detection and urgency
of treatment to give a better outcome. However, there was no
significant difference in the duration of symptoms between
the 2 groups and we did not find any correlation between the
outcome and duration of symptoms as seen in many series.
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CMI1 patients usually present with a myriad of
symptoms, especially when they have associated SM, and the
heterogeneity of presentations continually poses a mystery.
Symptoms and signs typically arise from impairment of
functions alone or in combination involving the cerebellum,
the brain stem, and the spinal cord particularly when associated
syringomyelia is present to different extents. In CM1 patients,
most studies labeled short-lived Valsalva-type maneuvers
provoked headache, neck pain, arm pain, paraesthesia,
numbness, muscle weakness, and gait disturbance as the
most common symptoms. Among the neurological findings,
weakness of limbs, dissociated sensory loss, gait disturbance,
muscle wasting, and cerebellar signs are the common ones
[3,16,22-26].

Many other symptoms and signs are also described.
However, most of those are not very common. The commonest
symptoms in our study in descending order were paraesthesia,
weakness of limbs, neck pain, occipital headache, and gait
disturbance while the most frequent neurological findings
were dissociated sensory loss, weakness of limbs, muscle
wasting, and cerebellar signs.

Generally, reported postoperative improvement of
symptoms and signs ranges from 73.6% to 88.6% [2,11,27].
Postoperatively, we found that almost all the symptoms and
signs improved noticeably, albeit, the improvements were not
statistically significant between the 2 groups. However, the
clinical symptoms, both preoperatively and postoperatively,
were evaluated based on the complaints of the patients.
Many patients in this study had symptoms related to spinal
cord involvement which can be associated with the presence
of SX. It is recognized and the findings of this study also
confirm that the postoperative changes in SX, restoration of
CSF spaces around the CV]J, particularly, the appearance of
Cisterna magna do not coincide with the clinical outcome
always. However, a direct comparison of surgical outcomes
with previous studies would not be judicious as the parameters
of clinical evaluation, types of surgeries, and time of follow-
ups are diverse.

Chicago Chiari Outcome Scale was introduced in 2012
for the postoperative evaluation of CM1 patients and was
validated later as a good outcome assessment tool [28,29].
Outcome assessment of CM1 patients with CCOS is used
widely and it has become a reliable tool to assess outcomes
[4,6,17-19,21]. Postoperative outcomes can be measured
with CCOS in 2 ways; by assessment of improvement with
an overall score and by categorizing the patients into outcome
groups based on that score.

Most of the studies on adult CM1 patients show that the
average CCOS that could be achieved ranges between 13 to
14.5[6,17-19,21]. Maximum of the patients in different series
succeeded in achieving excellent outcomes on average with
good CCOS. Interestingly, the average score or the groups
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that the patients fall in is varied depending on several factors
like the duration of symptoms, variability of symptoms,
diversity of surgical techniques, or duration of follow-up
periods [6,17,19,21,37].

Unlike the other series, altogether we found excellent
outcomes in only about 40% of patients while the rest of
the patients fell in the functional outcome group. However,
about 65% of patients in the SC group were in the excellent
outcome group and the average CCOS score was also better in
the SC group than in the PFD+DP group. In most of the series,
the outcome measured with CCOS improved gradually with
time and varied noticeably among sets of patients depending
on different factors. The overall surprisingly low number of
excellent outcomes in our patients can be attributed to the
short period of follow-up. The outcomes as a whole probably
could have been better if there would be longer follow-
ups. The relatively better outcome in the SC group than the
PFD+DP might be due to the absence of any complications as
well as the better formation and maintenance of more space
in the posterior fossa in this group.

Complications are common following surgery for CM1 as
in any other surgery. The rates vary from center to center and
depend on many factors including the surgical procedures
and some surgical procedures may have some definite sets
of complications. The complication rate varies from zero
complication to as high as 33.3% in different series [4,6,
11,18,19,27,30-32].

Common complications include cerebrospinal fluid leak,
pseudomeningocele, meningitis, wound infection, cerebellar
slump or ptosis, hydrocephalus, subdural collections, and
many more sporadic ones [4,6,10,11,16,24,33-36]. Our study
complies with the literature, although, the complications
were at the higher end of the percentage of complications
compared to other series in the PFD+DP group. CSF-related
complications like CSF leakage, pseudomeningocele, and
hydrocephalus comprised almost half of the complications
in the PFD+DP group. The CSF leaks resulted from the
unintended arachnoid breach during the procedure of
dural opening or duraplasty which ultimately resulted in
these complications. The other bulk of the complications
in this group was cerebellar sagging where the cerebellum
descends through the craniectomy defect resulting from
extravagant craniectomy with the thought of giving more
relief. On the other hand, the craniectomy is generally small
in stealth cranioplasty. However, in cases of inadvertent
larger craniectomies, it has the advantage of correcting it
by contouring the craniectomy gap. It also helps prevent
cerebellar sagging by supporting the cerebellum with the
flatter upper part of Titanium mesh.

The cerebellar sagging is characterized clinically
by headache unrelated to the Valsalva maneuver and
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radiologically by obstruction of CSF flow at the CVJ which
often needs re-exploration with cranioplasty. The SC group
did not have any complications, which clearly marks the
superiority of this technique over the PFD+DP group regarding
complications. We developed our technique initially to evade
recurrence and complications and it seems, this works well.
As we perform arachnoid preserving duraplasty, the chances
of CSF-related complications are automatically eliminated.

With the smaller craniectomy augmented by the measured
cranioplasty, the chance of cerebellar slump is refuted as
well. This study was conducted on 53 adult symptomatic
CMI1 patients with or without SM, 30 and 23 of whom
underwent, PFD+DP and SC respectively. The average age of
the 37 males and 16 females enrolled in the study was 30.35 +
7.49 years ranging from 18 to 47 years. All the patients were
assessed preoperatively and were followed up postoperatively
to evaluate outcomes clinically with history and neurological
examination as well as observing the complications. Although
the SC fared better than the PFD+DP regarding CCOS and the
number of complications, the changes in clinical symptoms
and the neurological findings were not different significantly,
and thus it cannot be concluded in general that the SC is
far better than the other surgical procedures. However, the
results surely make the SC a good procedure to be practiced.
Nevertheless, the short follow-up period makes the overall
inference weaker in terms of long-term outcomes.

Conclusions

Substantial variations exist in the surgical management
of CM1 with or without SX and a common management
algorithm that would be a “gold standard” or “one-size-fits-
all” with a uniform outcome is yet to be devised and seems
to be a faraway dream. However, Stealth cranioplasty for
adult CM1 can be a better option compared to the traditional
commonly practiced procedures.

Strength

The strength of this study is that it was the first of its kind
conducted in our university and also the first ever to compare
the clinical outcomes of Stealth cranioplasty with other
traditional methods.

Limitations

The study has several limitations though. Due to the
COVID-19 pandemic, the study population was smaller than
anticipated and was not randomized which obviously raise
the possibility of some bias. Although the SC was done by a
single surgeon, the other surgeries (PFD+DP) were done by
multiple surgeons which may have influenced the outcome in
those. Follow up period was short which is a major limitation
of this study. Anticipating the difficulties of long follow-ups
in our context, we opted for shorter follow-ups which was
further jeopardized by the COVID-19 pandemic.
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Recommendations

As longer follow-ups could have yielded different findings
and insights, multi-center randomized controlled trials with

larger population with longer follow-ups are advocated to see
the real benefits of SC.
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