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Abstract
Objective: Surgical techniques and outcomes of the enigmatic entity of 
Chiari malformation 1 (CM1) in the adult, which is often accompanied 
by syringomyelia (SM) vary widely and both the clinical and radiological 
outcomes are perplexing. The aims of this study were to assess the 
radiological outcomes of 2 surgical procedures namely the stealth 
cranioplasty (SC) and the posterior fossa decompression with or without 
duraplasty (PFD±DP) with the application of our novel approach to 
measure some radiological parameters.   

Methods: This comparative cross-sectional study was conducted on adult 
CM1 patients with or without SM undergoing surgery by PFD±DP and 
SC from June 2019 to May 2021. Radiological outcomes of changes 
in pre and postoperative diameter of the foramen magnum (FM), the 
diameter of the SM, tonsillar position, and status of cisterna magna from 
computed tomography (CT) and/or magnetic resonance imaging (MRI) 
were evaluated and analyzed. The postoperative measurements of the FM 
diameter and tonsillar ectopia were measured by a new technique that we 
devised which has not been applied before.   

Results: The study population comprised 37 male and 16 female (total of 
53) symptomatic adult Chiari 1 malformation patients with or without SM 
ranging from 18 to 47 years of age (average 30.35 ± 7.49 years), where 
30 (56.6%) underwent PFD±DP and 23 (43.4%) underwent SC. The 
postoperative change of the foramen magnum diameter was significantly 
better in the SC group (p 0.002) when an increase in the postoperative 
diameter was categorized as mild, moderate, and marked.  And, while 
comparing the changes in millimeters, changes in the SC group were even 
better (p <0.001) 

The postoperative tonsillar ascent was found to be significant (P <0.001) 
on both occasions when categorized into groups of mild, moderate, 
and marked, and when measured in millimeters. Postoperative SM 
size reduction was not significant when categorized as mild, moderate, 
and marked (p 0.085). However, when the changes were measured 
in millimeters, a significant reduction was observed in the SC groups  
(p 0.007). The postoperative appearance of Cisterna magna was found to 
be significant (p <0.001) in the SC group.   

Conclusion: From this study, results of SC as a technique were 
found encouragingly to have better radiological outcomes in terms of 
postoperative changes in the diameter of the foramen magnum, tonsillar 
ascent, resolution of the SM, and postoperative appearance of cisterna 
magna. However, further multicenter studies on a larger population are 
recommended.
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Highlights
1.	 Chiari malformation 1 (CM1) is an enigmatic entity. 

2. The absence of ideal measurement parameters makes 
the assessment of postoperative radiological outcomes 
difficult in Chiari malformation 1. 

3. A novel approach of measuring postoperative radiological 
changes in CM1 is introduced which is simple, convenient, 
reliable, and useful. 

4. This unique technique of measuring the radiological 
outcome parameters would help clinicians and researchers 
discover newer aspects of pathophysiology to manage 
CM1 patients better in the future.
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BooA	 : Boogard’s angle 			 
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MRI	 : Magnetic Resonance Imaging 		
NIH 	 : National Institutes of Health 		
PFD	 : Posterior fossa decompression 

PFD±DP	 : Posterior fossa decompression with or  
   		    without duraplasty			 
SC 		  : Stealth cranioplasty 		

SM 		  : Syringomyelia 			    
TE		  : Tonsillar ectopia 			 
WCCL 	              	 : Wackenheim’s clivus canal line 	

Introduction
The diversity of presentations, management, and prognosis 

makes the Chiari malformation 1 (CM1) a puzzling entity. 
The presence of syringomyelia (SM) often complicates the 
commonest type of the Chiari spectrum, the CM1. The steady 
unfolding of the pathophysiology with advanced technologies 
and research is displaying newer dimensions of the complex 
nature of CM1.  With all these odds, an absolute surgical 

protocol appears to be a far-off goal. Presently, many surgical 
procedures are in practice for CM1 with many variations and 
each has its own merits and demerits. 

CM1 is defined as the downward displacement of the 
cerebellar tonsils below the level of the foramen magnum. 
Radiologically, CM1 in adults is defined as the descent of 
the cerebellar tonsils > 5 mm beyond the foramen magnum 
in magnetic resonance imaging (MRI) [1-4]. More CM1 
patients are being detected with the advent of technologies, 
particularly MRI, and prevalence has been estimated to be 
0.24%–3.6% of the population, including children. However, 
the annual incidence of symptomatic surgical candidates is 
significantly low, merely 0.06% [5-7]. 

Several theories are there to explain both the cerebellar 
tonsillar descent and its close association with frequently 
accompanying syringomyelia. The most recognized concept 
regarding the pathophysiology of CM1 is thought to be the 
discrepancy between shallow posterior fossa resulting from 
the underdevelopment of the mesochondrial component of 
the occipital bone and the overcrowded neural structures 
leading to cerebellar ectopia. Newer theories emphasize 
inadequate CSF flow around the craniovertebral junction 
(CVJ) hampering the CSF dynamics between the cranial 
and spinal compartments, which is also responsible for the 
development of SM in many cases [5,6,8-11].  

The surgical options and outcomes are diverse, especially 
in the presence of SM and other associated disorders. The 
basic goal is to decompress the small posterior fossa and 
restore CSF flow and dynamics back to near normal. The 
most practiced surgical technique is the posterior fossa 
decompression with or without duraplasty (PFD±DP) with a 
variety of modifications. Although the outcomes are much 
improved lately, they are not very encouraging always [10,12-
14]. A few years back, we developed a surgical technique, 
the “Stealth cranioplasty” (SC), where we tried to overcome 
some of the shortcomings of the common surgical practices 
which yielded good clinical outcomes [9,15,16]. However, 
the radiological parameters of outcome are ill-defined and 
less described in the literature owing to lack of any ideal 
assessment tool. Considering the need, we developed a novel 
technique of measurement for evaluation of the postoperative 
radiological outcomes of CM1 which is straightforward, 
consistent, and dependable.

In this study, using our technique, we compared the 
radiological outcomes between CM1 patients undergoing 
SC and PFD±DP in terms of the changes in the diameter of 
the foramen magnum (FM) and tonsillar Ectopia (TE) by 
our novel technique of measurement. The changes in the 
diameter of SM and the status of the Cisterna Magna (CM) 
were also studied. The results show that SC can achieve better 
radiological outcomes than the traditional PFD±DP in several 
aspects and our novel approach to measure the postoperative 
radiological parameters is a unique, reliable, and useful one.  
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Materials and Methods
Patient selection

After obtaining approval from the institutional review 
board (IRB) of Bangabandhu Sheikh Mujib Medical 
University (BSMMU), Dhaka, Bangladesh, patients were 
recruited for this cross-sectional observational study between 
June 2019 to May 2021. All consecutive adult symptomatic 
CM1 patients with or without syringomyelia who underwent 
either SC or PFD±DP with a minimum of 3 months of 
postoperative follow-up with MRI were evaluated. In a few 
cases of SC, a CT scan was also performed.   

Inclusion criteria
Inclusion criteria in recruiting the patients were: 1. 

Patients having a diagnosis of Chiari malformation 1 
confirmed by tonsillar descent of >5 millimeters with or 
without syringomyelia in preoperative MRI. 2. Patients aged 
>18 years. 3. Patients having symptoms and signs related 
to CM1 and/or SM needing surgery. 4. Patients who had 
undergone either SC or PFD±DP. 5. Patients who had both 
preoperative and postoperative MRI. 

Exclusion criteria
The followings were the exclusion criteria: 1. Patients 

having associated anomalies with CM1 like basilar 
invagination, atlanto-axial dislocation, or hydrocephalus. 2. 
Patients not having a minimum of 3 months of radiological 
follow-up with MRI. 3. Patients refusing to take part in the 
study.

Procedural details
Informed written consent was obtained from the patients 

or their legal guardians for surgery. Either of the two 
procedures was performed as per the surgeon’s choice. The 
posterior fossa decompression with or without duraplasty 
included suboccipital craniectomy (3 cm X 3 cm approx) 
and C1 laminectomy with removal of the dural band when 
present. When duraplasty was chosen to be performed, 
the best possible watertight duraplasty with pericranium 
or fascia lata was accomplished following an “Y” shaped 
dural opening after the suboccipital craniectomy and C1 
laminectomy. During the dural opening, in a few cases, 
there were unintended minor arachnoid breaches which 
were sealed by low bipolar coagulation. The tonsils were not 
disturbed on any occasion. The stealth cranioplasty, which 
we described earlier [9,15,16], in brief, comprised 3 cm X 3 
cm suboccipital craniectomy with C1 laminectomy (Figure 
1B), linear arachnoid preserving durotomy in the midline 
(Figure 1C), duraplasty with the superficial layer of the deep 
cervical fascial graft (Figure 1D), cranioplasty with 5 cm X 5 
cm titanium mesh pre-shaped in the configuration of a Stealth 
bomber cockpit with flat wings (Figure 1A) and by fixing 
with screws around the free margins of the craniectomy 

(Figure 1E) to cover the craniectomy gap as well as to 
enlarge the posterior fossa volume followed by tenting of the 
duraplasty with the titanium mesh (Figure 1E).  

Although CT scans were performed to see the status of 
the Stealth cranioplasty in some cases, all the radiological 
parameters were measured, and evaluated from the 
preoperative and 3-month postoperative MRIs. The extent of 
changes in the diameter of the foramen magnum (FM), tonsillar 
ectopia (TE), SM diameter, and appearance of cisterna magna 
(CM) were studied and analyzed. The measurements were 
done with the freely available Java-based public-domain 
image processing and analysis program developed at the 
National Institutes of Health (NIH), ImageJ software version 
1.53e, and the same procedure was followed in all the cases. 
The technique we devised to draw and measure the McRL 
and TE is particularly relevant and useful where the posterior 
margin of the foramen magnum is deficient following 
decompression. For drawing and measuring the McRL and 
TE the same procedure was followed in the case of both the 
SC and PFD±DP. In the preoperative MRI, the McRae line 
(McRL) is drawn by joining the basion and the opisthion 
(Figure 2A). The Wackenheim’s clivus canal line (WCCL) is 
drawn along the posterior margin of the clivus (Figure 2A).  
The angle, created at the meeting point of the McRL and the 
WCCL, is the Boogard’s angle (BooA) (Figure 2B). As the 
basion, the opisthion, and the clivus are fixed bony landmarks 
and the WCCL is a fixed line for any individual at any point 
in time and position, the BooA obviously turns out to be a 
static constant for that particular individual. Thus, keeping 
the WCCL, the basion, and the BooA as constant reference 
points, the trajectory of the McRL can be achieved perfectly. 
With this hypothesis, we developed our technique to draw 

 

Figure 1: Peroperative picture showing A) the pre-shaped titanium 
mesh in the configuration of a Stealth bomber cockpit and flat wings, 
B) 3 cm X 3 cm suboccipital craniectomy with C1 laminectomy, C) 
linear midline arachnoid preserving durotomy and tacking sutures 
from the cut margins, D) duraplasty and E) cranioplasty fixed with 
screws and tenting of the duraplasty.
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the postoperative McRL. Once the BooA is measured from 
the preoperative MRI, the WCCL is drawn, and the BooA 
is set at the basion with the help of ImageJ software in the 
postoperative MRI (Figure 2D). The new trajectory from the 
basion is extended up to the posterior dural margin displayed 
by the posterior-most margin of the CSF to set the opisthion 
to complete the McRL (Figure 2E). Measuring the length of 
the new McRL with ImageJ software is straightforward.  

The descent of the tonsil is measured by drawing a 
vertical line from the tip of the tonsil on the McRae line 
both in preoperative and postoperative MRIs (Figure 2C 
& F). Change in SM diameter is determined by measuring 
the maximum AP diameter of the SM in the preoperative 
midsagittal T2WI of MRI and by measuring the anteroposterior 
(AP) diameter at the corresponding level in the postoperative 
T2WI MRI (Figure 3A & B). The changes in the diameters of 
the FM and the SM and tonsillar ectopia were taken to be the 
difference between the pre and postoperative measurements 
(Figure 3A & B).  The appearance of cisterna magna is noted 
in both pre and postoperative T2WI MRIs as well as in the 
MR myelograms whenever available (Figure 4). 

Statistical analysis
Parametric data were expressed as mean ± SD and 

compared via unpaired t-test and non-parametric data were 
expressed as medians and compared via Chi-square test and 

 

Figure 2: MRI images showing the points, lines, and angles to draw 
the McRL and BooA. In preoperative MRI, A) the basion (B) and the 
opisthion (O) are marked, the WCCL (WC) is drawn. B) The basion 
and the opisthion are joined to draw the McRL (BO) and the BooA 
is achieved (*). D) In the postoperative MRI, WCCL (WC) is drawn 
and the BooA (*) is placed on basion (B). E) Based on the BooA 
(*), achieved from the preoperative MRI, the trajectory is extended 
from the basion (B) on the WCCL (WC) up to the posteriormost 
margin of CSF, to mark the opisthion (O) to get the McRL (BO). 
In C) Preoperative and F) postoperative MRIs, vertical lines (black 
arrows) are drawn on the McRL (BO) from the tip of the tonsils to 
measure the tonsillar ectopia.

 
Figure 3: A) Preoperative, and B) postoperative T2WI MRI 
following PFD±DP showing the McRae’s line (a & a*), Boogard’s 
angle (*), tonsillar ectopia (b & b*), and syringomyelia diameter  
(c & c*). The measurements of the Boogard’s angle by ImageJ are 
in the lower panel. 

 
Figure 4: A) Preoperative and C) postoperative T2WI MRI and 
B) preoperative and D) postoperative MR myelogram showing 
the preoperative absence and postoperative appearance of cisterna 
magna (CM).
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McNemar’s test. All statistical analysis was performed using 
SPSS 23 software. A p-value <0.05 was considered to be 
statistically significant. 

Results
Overview

A total of 53 symptomatic adult Chiari 1 malformation 
patients with or without syringomyelia were included in the 
study where 23 and 30 patients underwent SC and PFD±DP 
respectively. The average age of the 37 males and 16 
females recruited in the study ranged from 18 to 47 years 
with an average of 30.35 ± 7.49 years. All the patients had 
preoperative and 3-month postoperative CT and/or MRI 
scans to assess radiological outcomes.  

Preoperative data
The preoperative AP diameter of the foramen magnum 

(length of McRae line) ranged from 22.92 to 35.57 mm with 
an average of 30.01 ± 2.70 millimeters (mm). Preoperatively 
the tonsillar ectopia was 9.50 ± 2.91 mm on average ranging 
from 5.70 to 14.92 mm in both the groups. 51 of 53 patients 
had syringomyelia at the time of presentation (SM was absent 
in 2 patients in the PFD±DP group) with an average diameter 
of 6.49 ± 2.56 mm which ranged from 2.15 to 13.66 mm 
in diameter at the widest. Only 2 of 23 patients showed the 
presence of cisterna magna in their preoperative MRIs in the 
SC group while none of the 30 patients in the PFD±DP group 
had CM. 

Postoperative data
All the patients had postoperative MRIs and some had 

CT scans also at 3-month follow-ups. For the study, all the 
parameters were measured from the postoperative MRIs. 
The change in the anteroposterior diameter of the foramen 
magnum (FM) (length of McRae line) of the patients was 
categorized as mild (0 - 10%), moderate (11.1 - 20%), and 
marked (≥ 20.1%) depending on the changes in the diameter 
of the FM in the postoperative MRIs. Postoperatively, 
most of the patients in the SC group had moderate (47.8%) 
and marked (43.5%) increase in the diameter of the FM 
while patients in the PFD±DP group had mild (51.9%) and 
moderate (37.0%) increase (Table 1). However, 3 patients 
in the PFD±DP group had a decrease in AP diameter of 
the FM. The categorical change in diameter of the foramen 
magnum was significantly better (p 0.002) in the SC group 
than in the PFD±DP group.  On the other hand, compared in 
millimeters, the increase in the FM diameter in the SC group 
was significantly better (p <0.001) than in the PFD±DP group 
(Table 2). 	

Changes in tonsillar ectopia were categorized into mild, 
moderate, and marked by changes of 0-33%, 33.1-66%, and 
≥66.1% of ascent respectively in the postoperative MRIs than 
the preoperative ones.  Most of the patients in the SC group 
had moderate (52.2%) and marked (30.4%) ascent while in 
the PFD±DP group most of the patients had mild (66.7%) and 
moderate (33.3%) ascent which was significantly better in the 
SC group (p <0.001) (Table 3). Measuring in millimeters, the 

Surgery 
Change in Foramen Magnum Diameter

p-value
Mild Moderate Marked

PFD±DP 14 (14/27, 51.9%) 10 (10/27, 37.0%) 3 (3/27, 11.1%)
0.002

STEALTH 2 (2/23, 8.7%) 11 (11/23, 47.8%) 10 (10/23, 43.5%)

Chi-square test was done
Mild -0 - 10%,  Moderate -11.1 - 20%,  Marked ≥ 20.1% 

Table 1: Categorical Change in Diameter of Foramen Magnum

Surgery
Foramen Magnum Diameter (in mm)

p-value
Pre-op Post-op Change

PFD±DP 30.03 ± 2.75 32.77 ± 2.78 2.73 ± 2.20
<0.001

STEALTH 29.99 ± 2.71 35.90 ± 2.89 5.90 ± 2.36

Table 2: Postoperative Change in Diameter of Foramen Magnum in mm

Unpaired t test was done

Surgery 
Change in Tonsillar Ectopia

p-value
Mild Moderate Marked

PFD±DP 20/30 (66.7%) 10/30 (33.3%) 0/30 (0.0%)
<0.001

STEALTH 4/23 (17.4%) 12/23 (52.2%) 7/23 (30.4%)

Chi-square test was done
Mild - 0-33%, Moderate - 33.1-66%, Marked - ≥66.1%

Table 3: Categorical Change in tonsillar ectopia.
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tonsillar ascent was 5.35 ± 1.91 mm in the SC group while 
that was only 2.58 ± 1.15 mm in the PFD±DP group, which 
was significantly better in the SC group (p <0.001) (Table 4).

While categorizing the postoperative change in SM 
diameter as mild, moderate, and marked, based on reduction of 
SM diameter by 0-33%, 33.1-66%, and ≥66.1% respectively, 
no significant change could be seen between the groups (p 
0.085) as most of the patients in both the groups had mostly 
mild and moderate reductions (Table 5). However, when the 
postoperative SM diameter was measured in millimeters and 
compared, significantly better (p 0.007) reduction was seen in 
the SC group (Table 6).  

In the PFD±DP group, none of the patients had the 
presence of cisterna magna preoperatively. Postoperatively, 
the development of CM was seen in only 5 (16.7%) out of the 
30 patients in this group. In the SC group, only 2 (8.7%) out of 
23 patients had CM preoperatively and 15 (71.4%) of the 21 
patients not having any CM developed CM postoperatively. 
The appearance of post-operative CM was statistically 
significant only in the SC group (p <0.001) (Table 7). 

Discussion
The decision-making in treating a CM1 patient is critical. 

Asymptomatic or minimally symptomatic patients can be 

observed with serial imaging. However, the symptomatic 
patients of CM1, particularly in the presence of SM need 
special consideration. As the outcomes are variable for 
different surgical techniques, decision-making for the choice 
of surgical technique should be based on thorough and 
meticulous clinical and radiological evaluations with the goal 
of having minimum complications. Generally, posterior fossa 
decompression and removal of the C1 posterior arch with or 
without duraplasty (PFD±DP), the commonest practice for 
CM1, have high rates of success in the alleviation of crowding 
of the posterior fossa neural element and reestablishing CSF 
flow and dynamics around the craniovertebral junction 
(CVJ).  However, the outcomes are not very consistent, 
and are dependent on the type of surgery to a great extent. 
Combinations, modifications, and tailoring of the traditional 
PFD±DP are evolving continuously [2,3,14,17-20]. MRI, the 
imaging modality of choice for CM1, is a good imaging tool 
for assessing the radiological outcomes [2].  On average, the 
rate of postoperative radiological improvement is 81.1% [18]. 

A myriad of factors like the pathology, clinico-radiological 
status of the patient, judgment in decision-making, and 
choice of surgical technique influences the outcomes greatly. 
Different parameters and techniques have been devised and 
are used to measure the radiological outcomes of the surgery 
for CM1. Most of these often raise controversy and none has 

Surgery 
Tonsillar Ectopia (mm)

p-value
Pre-op Post-op Change

PFD±DP 8.91 ± 2.51 6.33 ± 2.53 2.58 ± 1.15
<0.001

STEALTH 10.28 ± 3.28 4.93 ± 3.60 5.35 ± 1.91

Unpaired t test was done

Table 4: Postoperative change in tonsillar ectopia in mm

Surgery 
Change in Syrinx Diameter

p-value
Mild Moderate Marked

PFD±DP 16/28 (57.1%) 11/28 (39.3%) 1/28 (3.6%)
0.085

STEALTH 7/23 (30.4%) 12/23 (52.2%) 4/23 (17.4%)

Chi-square test was done
Mild - 0-33%, Moderate - 33.1-66%, Marked - ≥66.1%

Table 5: Categorical Change in Syringomyelia Diameter

Surgery Pre-op Post-op p-value
PFD±DP 0/30 (0.0%) 5/30 (16.7%)

<0.001
STEALTH 2/23 (8.7%) 15/21 (71.4%)

Table 7: Pre and postoperative status of Cisterna magna

McNemar test was done

Surgery 
Change in Syrinx Diameter (mm)

p-value
Pre-op Post-op Change

PFD±DP 5.95 ± 2.17 3.95 ± 1.69 1.99 ± 1.20
0.007

STEALTH 7.20 ± 2.90 3.69 ± 2.20 3.43 ± 2.41

Table 6: Postoperative Change in Syringomyelia Diameter in mm

Unpaired t test was done
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been proved to be absolute. Intending to ease and make perfect 
measurements, we devised a technique based on defining the 
McRL in postoperative MRI to measure some parameters to 
evaluate the radiological outcomes. Interestingly, during the 
measurements, we found the Boogards angles in most of the 
patients of both groups to be obtuse which can be a good 
topic for research in the future. 

Measurement of the preoperative anteroposterior diameter 
of the foramen magnum (FM) in the images is straightforward. 
In the CT or MRI, the anteroposterior diameter as well as 
the plane of the foramen magnum can be drawn by joining 
the basion and the opisthion on the midsagittal plane of 
the images, which corresponds with McRae’s line [21-23]. 
Following posterior fossa decompression for CM1, because 
of the deficient posterior margin of the foramen magnum 
or the opisthion, it becomes difficult to delineate the McRL 
and measure the postoperative AP diameter of the FM.  The 
method we devised is a simple and reliable one to measure 
the postoperative AP diameter of the FM despite the absence 
of the opisthion.   

The AP diameter of the foramen magnum of CM1 patients 
and the normal population varies between different studies 
which is mostly due to the varying physical characteristics of 
the samples studied. Many studies found the FM AP diameter 
of CM1 patients larger than the normal population [24-27], 
some have found the AP diameter narrower in CM1 patients 
than in the normal population [28], while most of the studies 
found no significant difference in AP diameter of the FM 
in CM1 and normal populations [29-33]. The average AP 
diameter of the foramen magnum of CM1 patients ranged 
between 31.7 ± 6.1 mm to 40.1 mm in different studies [24-
26,29,31,34,35]. We found the AP diameter of the foramen 
magnum to be slightly smaller than the lower range of other 
studies. This might be due to the ethnic difference of the 
population as people in our region are generally of shorter 
stature than the other study populations which consequently 
may have resulted in the smaller AP diameter of the foramen 
magnum from the anthropological point of view.  

The increase in the postoperative AP diameter of the 
FM, which could be accurately measured from both the 
pre and postoperative MRIs, was remarkably more in the 
SC group than in the PFD±DP group (Table 2). We feel 
that the comparatively greater increase is due to persistent 
maintenance of the posterior surface of the posterior fossa 
and the posterior margin of the newly formed foramen 
magnum by the Stealth cranioplasty. In PFD±DP, initially, 
the posterior fossa volume along with the AP diameter of the 
FM increases but due to lack of any firm support in the back, 
gradually with time, the muscle bulk comes back or fibrosis 
ensues and the initial increase cannot be maintained anymore 
in all. Moreover, the increase in SC is relatively more from 

the very beginning owing to the cranioplasty which can make 
more room in the posterior fossa and around the FM. 

Postoperative changes in foramen magnum diameter and 
plane have not been evaluated very frequently and literature 
related to this is hard to find. Most of the surgical techniques 
are centered around posterior fossa bony decompression and 
postoperatively, the posterior margin of the foramen magnum 
is deficient following surgery. Thus, any reference point 
following traditional CM1 surgery to identify the posterior end 
point of the McRae’s line (Opisthion), to measure the foramen 
magnum diameter is lacking. We feel that the technique that 
we introduced to identify the opisthion postoperatively, is a 
simple, easy, reliable, and useful one to mark and measure the 
McRae’s line to evaluate the postoperative foramen magnum 
diameter as well as the plane to see the status of tonsillar 
ectopia. 

Following posterior fossa decompression, owing to the 
lack of posterior margin of the FM, most studies measured 
the preoperative tonsillar herniation only. Preoperatively, 
McRae’s line is used and described as the reference line to 
measure the tonsillar ectopia of CM1 patients [11,36,37]. 
However, the failure to delineate the opisthion and the 
McRL in the postoperative MRI made the postoperative 
measurements of tonsillar ectopia scarce in the literature. 
Different techniques have been applied, which were always 
neither uniform nor ideal as different reference points were 
used pre and postoperatively. With the introduction of our 
technique, we defined some fixed reference points, angles, 
and lines for postoperative measurement of the AP diameter 
of the FM and the tonsillar ectopia which are substantially 
constant and reliable. The McRae’s line is a fixed reference 
line that can be easily drawn on postoperative MRIs by our 
technique and the tonsillar ectopia can also be measured 
easily by drawing a vertical line from the tip of the tonsil on 
the McRae’s line. 

The preoperative extent of tonsils from the foramen 
magnum (McRae’s line) ranged from 5-38 mm with an 
average of 7.4mm to 13.03 ± 5.31 mm in different literature 
[3,11,24-26,29,34,35,38-40]. We found the preoperative 
tonsillar ectopia to be matching with the range of other studies. 
Postoperatively, different studies observed changes in tonsillar 
ectopia ranging differently which varies greatly depending on 
the measuring techniques. One study, without describing the 
technique of measurement observed 9.4±2.4 mm of change 
in tonsillar ectopia postoperatively [40]. Interestingly, in 
another study, the change in tonsillar ectopia was 3.8 mm 
when measured from the line through the C2 vertebral end 
plate and 5.4 mm when measured from the line through C2 
synchondrosis in the same study population (6). This finding 
implies that the measurements can be inconsistent even in the 
same population with different techniques of measurements 
owing to inconsistent measuring landmarks. The directions 
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and dimensions of the measurement parameter lines have 
a propensity to change with the position of the neck during 
flexion and extension. During scanning, it is not possible 
always to keep the patient in the scanner exactly in the same 
position during both the pre and postoperative scans. That 
is why one needs to have constant landmarks to draw lines, 
that would make the lines constant also. This is how, our 
technique effectively gives better reading than the others in 
measuring the change in tonsillar ectopia postoperatively as 
the clival line, the basion, and the Boogard’s angle, all three 
are constant, whatever the position of the patient may be. 
However, there is the possibility of a change in the position 
of the tonsil, both pre and postoperatively, due to two 
factors. Firstly, the tonsils would have different positions, if 
the neck is not exactly in the same position in the scanner 
both pre and postoperatively due to a change in flexion or 
extension. Secondly, even if the positions are the same, there 
is a chance of discrepancy in the position of the tonsils as 
they move quite a bit during inspiration and expiration as 
well as the cardiac cycle. Even after considering all these, 
we feel that our technique is comparatively a better way of 
drawing and measuring the McRae’s line and thus measuring 
the diameter of the foramen magnum as well as the changes 
in tonsillar ectopia postoperatively. Nevertheless, absolute 
measurements seem to be practically daunting.  

The postoperative changes in tonsillar ectopia were 
better in the SC group than in the PFD±DP group which was 
highly significant (p <0.001). This can be explained by the 
improvement of 2 postoperative factors. In the SC group, 
both the increase in AP diameter of foramen magnum and 
development of cisterna magna was more than in the PFD±DP 
group and more importantly, both the FM diameter and the 
CM were maintained in a more sustained way by the support 
of the Stealth cranioplasty. The postoperative additional 
increase in FM diameter helped the tonsils to pull back to the 
extra voluminous posterior fossa aided by the push of CSF 
from the spinal compartment below. Furthermore, the new 
position of the tonsil was maintained better by the buoyancy 
of more CSF in the posterior fossa, particularly with the aid 
of the newly formed CM. 

SM associated with Chiari malformation is a mysterious 
entity. This has bothered the scientists ever since this has 
caught their eyes and that continues till today. The management 
protocol for SM associated with CM1 has evolved all the way 
to today, yet no conclusive solution could be achieved. As a 
result, many modalities of treatment protocols are followed in 
practice and the results vary a great deal as the occurrences of 
SM with CM1 vary greatly also. 

Different studies reported occurrences of the SM in a wide 
range of percentages in CMI operative series which varies 
from 20% to 100% in adult preoperative MRIs [3,6,20,38,40-
43].  96 % (51 / 53) of patients presented with SM in their 

preoperative MRIs in our series. The presence of such a high 
percentage of syringes in our series might be due to the late 
presentation of the patients to us. The patients might have 
neglected their symptoms initially and presented late, which 
is very common in this part of the world, and harbored the 
CM1 for a long time to establish the SM sturdily until they had 
the obvious SM-related symptoms. Another possible reason 
might be the ethnic differences in the study populations. The 
smaller FM diameter in our population may also have some 
role in the discrepancy of CSF dynamics more than usual 
around the foramen magnum leading to the formation of the 
SM in this group of population earlier and more in numbers 
than others.  

Dismayingly, improvement in SM is highly variable 
in different series and an unfavorable outcome is not very 
uncommon. Various series describe different accounts 
of improvement of the SM, ranging between 39 -100% 
[2,6,14, 18-20,38,40,41,44]. No improvement of the SM is 
also described in 10% to 40% of cases following surgery 
[11,19,20]. Postoperatively, 5.72% to 9.1% of patients may 
even experience an increase in the size of the SM [6,19,20]. 
Most of the studies found that no single surgical technique is 
better than the others in SM reduction [11,19]. 

All the patients that had SM (n= 51) in our series had some 
resolution of the SM, ranging from a minimum of 0.16% to a 
maximum of 89.7% of the change in postoperative diameter. 
However, the follow-up period was only 3 months and longer 
follow-ups might have a different picture. 

We found more SM resolution in the SC group than in 
the PFD±DP group.  The possibility is that we create more 
space in the posterior fossa by doing the cranioplasty and 
maintain that better than in PFD±DP and there is little chance 
of restenosis. The newly formed bigger cisterna magna in SC 
offers more possibility of restoration and maintenance of near 
normal CSF dynamics and equilibrium between the cranial 
and the spinal compartments which may have an additional 
role in resolution of the SM.  

The absence of cisterna magna is one of the important key 
features other than the tonsillar herniation and the presence 
of SM. The absence of CM plays a significant role in CM1 
patients as this heralds the disequilibrium of CSF dynamics 
between the cranial and spinal CSF compartments. Hence, 
postoperative reestablishment of CM can be an ideal sign of 
adequate decompression and therapeutic success. 

The impact of stenosed or absent CM in preoperative MRI 
has been given supreme importance in producing clinical 
manifestations as well as in prognosis by various authors 
and it has been stressed that satisfactory restoration of the 
cisterna magna is a substantial feature of good prognosis 
[30,34,35,45-47]. Stenosis or absence of CM in preoperative 
MRI is one of the most common radiological findings and has 
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been described in several studies ranging from 55% to 100% 
[24,30,34,35,48,49]. 

One of the goals of surgery for CM1 remains to be 
reestablishing CSF flow around the CVJ by creating or 
enlarging the CM and a number of techniques to do so have 
been adapted. Various studies showed success in creating or 
enlarging the CM in 36.4% to 100% of patients as evidenced 
in postoperative MRIs [45,50-56]. 

Postoperative CM development in the SC group was 
significantly better than in the PFD±DP group in our study 
population (p <0.001). The absence of the CM in the 
preoperative MRI might have resulted from late presentations 
when both the clinical and radiological features of CM1 were 
established overtly.

The CM has a dense lattice of arachnoid all around the 
cerebellum through which CSF makes passage. Once the 
tonsils herniate and get impacted at the foramen magnum, 
the CSF pathways through the arachnoid webbings start to 
get squeezed and the interlacing networks adhere to one 
another. With time, the more the cerebellum is pushed down 
the more the remaining CSF passages are choked cyclically 
and obstruct the remaining pathways of CSF leading to more 
adhesion of the arachnoid meshwork. Enlarging the posterior 
fossa and foramen magnum with or without duraplasty 
not only makes room for the overcrowded neural elements 
but also serves greatly in re-establishing the CSF flow and 
dynamics around the foramen magnum. The newly created 
space helps the CSF to flow freely in larger volumes to 
disentangle the adhesions to open up the previously closed 
channels. With decompression, the neural elements get ample 
space to breathe and the CSF gets a chance to flow freely 
aided by the brain pulsation. 

The smaller number of developments of CM in the 
PFD±DP group, particularly in those who had an arachnoid 
breach, might have been due to seepage of blood from the cut 
dural margin or from some other source into the subarachnoid 
space instigating chemical meningitis and causing 
inflammation and more adhesion. Peroperative manipulation 
of the arachnoid itself may also lead to arachnoiditis blocking 
the existing narrow CSF passages further with time. These 
factors are particularly relevant when the arachnoid is 
opened. Moreover, whatever improvement is achieved by 
decompression of the neural elements by PFD±DP, as time 
passes, there is every possibility of blockage of the opened-
up CSF passages again by meningitis, arachnoiditis, or 
compression from behind by muscles, or fibrosis. With SC we 
tried to cover these problems and it seems to work well. On 
the other hand, the higher percentage of the re-establishment 
of CM in SC can be attributed to the fact that in SC, not only 
the CM is reconstructed and enlarged by duraplasty, but it is 
also well maintained through the cranioplasty and tenting. All 

these together allow for opening up more CSF channels that 
are blocked by the adhesion of the arachnoid trabeculae. This 
is further enhanced by forceful voluminous CSF flow aided 
by the constant rhythmic brain pulsation.   

Conclusion
Stealth cranioplasty seems to be a better option than the 

traditional posterior fossa decompression with or without 
duraplasty for symptomatic adult Chiari malformation 1 
considering the postoperative radiological outcomes of 
changes in the diameter of the foramen magnum (FM), 
tonsillar Ectopia (TE), the diameter of syringomyelia (SM) 
and the formation of the Cisterna Magna (CM). The approach 
we innovated to evaluate postoperative radiological changes in 
CM1 patients is a unique but simple, convenient, reliable, and 
useful one. We believe it will be helpful to other researchers 
to measure the radiological outcomes consistently. This 
technique will also show ways for researchers to find newer 
dimensions of pathophysiology to treat CM1 patients better 
in the future. 

Strength
Our technique of postoperative radiological measurement 

of Chiari malformation 1 is a novel one. This simple, easy, 
and dependable technique can be of much use on a regular 
basis and can be beneficial in future research. 

Limitations
The calculations that were made for different 

measurements were done manually with the help of ImageJ 
software. Although the measurements were made at least 
3 times for each parameter to reduce the margin of human 
error, it is very likely and predictable that these measurements 
cannot be the most accurate ones.  Regrettably, due to the 
COVID-19 pandemic, the number of patients was less than 
anticipated and the follow-up period had to be cut short 
owing to restrictions on movement during the study period. 

Recommendations
The technique that we followed can be used conveniently 

to measure the changes in McRL and tonsillar ectopia. 
Nevertheless, the development of new software to draw these 
lines and measure the parameters would give more accuracy 
in results. Further multicenter studies on a larger population 
are also recommended.
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