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Abstract
Background:

To prospectively evaluate the post-therapeutic aspects of the anal canal on MRI using diffusion tensor imaging (DTI) with
tractography in healed perianal �stula.

Methods:

From September 2019 to August 2021, we included 21 patients referred for follow-up MRI of post-therapeutic anal
�stulas. All patients were imaged at 3T including an additional DTI sequence. Our cohort was divided between normal
and abnormal sphincters based on T2-weighted images. Fractional anisotropy (FA) and apparent diffusion coe�cient
(ADC) values were measured for four different muscular components. For the qualitative data, interobserver concordance
was determined using quadratic Cohen weighted kappa statistics. For quantitative data we used the Mann-Whitney test
for two independent groups and Kruskall-Wallis for several independent groups, with a signi�cance level p<0.05.

Results:

The quality score of the 3D representation was satisfying with a substantial interobserver concordance. On the 3D color
coded representation, we did not observe any disruption of �bers in the abnormal group. The circular con�guration of the
internal sphincter and puborectalis was clearly demonstrated. In both groups, there was no signi�cant different between
internal sphincter and puborectalis/external sphincters, (ADC values (p=0.38 and p=0.24; FA values (p=0.73 and p=0.27),
respectively. Similarly, there was no statistically signi�cant difference in terms of DTI values between the normal and
abnormal segments.

Conclusion:

In healed perianal �stula, minor sequalae (on T2-weighted images) did not appear to modify the DTI parameters or the 3D
tractography. However, further studies with larger cohorts are required to con�rm the potential clinical impact of this new
noninvasive imaging method.

Trial registration : This study was approved by the National Ethical Committee (CPP 19 04) and the Institutional Review
Board of the US National Library of Medicine -ClinicalTrials.gov Identi�er : NCT03881436 ; �rst posted registration date :
19/03/2019

Background
Perianal �stulas are an important worldwide clinical problem, associated with signi�cant socio-economical,
psychological and medical burden. Additionally, some clinical symptoms can even occur after surgical treatment. The
anal canal has a complex anatomy with two different types of muscular �bers. It is composed by an internal (i.e., smooth
muscle �bers with a circular orientation) sphincter and an external (i.e., striated muscle with both antero-posterior and
cranio-caudal directions) one.

MRI is optimal for the visualization of the morphology and movement of the anal canal musculature, using static and
dynamic sequences [1–5]

Yet, a purely morphological pelvic MRI examination is not fully capable of characterizing its complex architecture,
especially of these two muscular parts. In clinical routine, functional information is obtained by anorectal manometry, in
addition to clinical �ndings.
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MRI tractography is mainly known as a tool for the visualisation and characterization of white matter �bers in the brain
via the acquisition of a DTI (i.e., Diffusion Tensor Imaging) sequence, but its use for the musculoskeletal system recently
emerged. Since this technique enables the visualization of the orientation of water motion in muscular �bers, it could be
an interesting approach to visualize the 3D architecture of the sphincters. Additionally, DTI quantitative parameters could
also provide an relevant information regarding the microstructure and the integrity of the tissue. Only a few studies used
tractography to analyze the anal canal sphincters, and none of them evaluated the post-therapeutic anal canal (i.e., after
treatment of anal canal �stulas) [6–8]

The aim of our study was to prospectively evaluate the value of DTI parameters with tractography on the post therapeutic
anal canal, in patients with treated anal �stula, in correlation with the morphological MR aspect and the clinical context.

Methods

Study population
This prospective study was approved by an international comity of US National Library of Medecine (ClinicalTrials.gov
Identi�er: NCT03881436 ; �rst posted registration date : March 19, 2019). All patients orally received an explicative
summary of the purpose of the study and signed an informed consent form. From August 2019 to August 2021 (no
recruitment during successive Covid 19 pandemic periods), 42 patients (age ≥ 18 years) were referred to our department
for a routine follow-up MRI after treatment by the cutting seton technique of an inter (12 pts), trans (6 pts) and supra-
sphincteric (3 pts) anal canal �stula. The treatment had been completed 6 to 9 months prior to the MRI examination.
Exclusion criteria included: clinically active in�ammatory process (n = 5), motion artefact on MR images (n = 2), metal
artefact due to hip prothesis (n = 3), history of surgery or chemoradiation for pelvic carcinoma (n = 7) and micturition
dysfunction (n = 4). The �nal cohort was composed of 21 patients (15 males - age range: 34–59 years; 6 females - age
range: 31–54 years). Lab results were normal and there was no elevation of biological in�ammation markers. Thirteen
patients described moderate pain during defecation without any discharge, while all the others were asymptomatic. No
anal incontinence was reported. The clinical examination was normal for all patients.

MR study protocol
Before the examination, patients were asked to empty their rectum to avoid tissue-air artifacts.

All MR examinations were carried out on a 3T clinical MRI scanner (Magnetom Skyra, Siemens Medical Solutions,
Erlangen, Germany) using a 24-channel spine coil and a 30-channel torso phased-array coil. In addition to the routine
protocol, an axial 2D SE-single shot DTI sequence encompassing the anal canal was performed with the following
parameters : TR/TE = 3300/57 ms, NSA: 2, b = 0/400 s/mm2, spectral fat suppression, EPI factor : 86, FOV: 240×240
mm2, reconstructed voxel : 2.5x2.5 mm² in plane resolution with no inter-slice gap, reconstructed matrix : 224×224, slice
thickness: 4 mm, number of slices: 30, 64 diffusion-weighed directions, parallel imaging with acceleration factor Grappa
2, imaging time: 7 min19 was performed. This DTI sequence was matched with a 3D T2-weighted SPACE sequence
(TR/TE: 1500ms/100ms, in plane resolution 0.9x0.9mm2 slice thickness: 1 mm, 1.4 excitation, parallel imaging with
acceleration factor 3, turbo factor 80, imaging time: 5 min 29) which served as for anatomical reference for an accurate
slice position matching.

Fiber tracking was performed using the streamline linear propagation principle, using both retrograde and anterograde
directions using the dedicated Syngo MR Neuro3D application of our MR device. Fiber tracking was implemented with the
FA (fractional anisotropy) threshold set until 0.15 [9] a relatively low value to catch many �bers), an angular threshold
until 60° and a length of �ber up to 30mm to eliminate �ber fragments. The directionality of anisotropy was given by a
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color-coded map for the orientation of muscle �bers such as red indicating the left-right direction, blue the cranial-caudal
direction and green the anterior-posterior direction.

Two radiologists (⎢⎢): a fellow with 1-year experience on pelvic disease and a senior radiologist (⎢⎢) with more than 20-
year experience in uro radiology, independently performed the entire procedure (qualitative and quantitative analysis) on
the workstation and recorded their own data, blinded to the clinical context and the age of the patients. Readers had
previously been trained on the dedicated software.

Image analysis
The following components of the anal canal were assessed separately: the internal sphincter, the right and left external
sphincters and the puborectalis muscle. On the axial T2-weighted images, the thickness (in mm) and the homogeneity of
each muscular part were evaluated at mid-canal. We used following thresholds (of normal value): 3 mm for the internal
sphincter, 8mm for the external sphincter and 10mm for the puborectal sphincter. An inhomogeneous signal intensity of a
muscular segment or a localized/diffuse thinning of a segment was considered abnormal.

Based on the morphological aspect, each muscular component of the anal canal was classi�ed between: normal (N) and
abnormal (An) with one or two abnormalities.

The duration for processing of the DTI evaluation was recorded.

Qualitative analysis
The tractography was launched from a freehand zone delineating each anatomical part on the matching axial T2-
weighted sequence.

The quality of the resultant 3D color coded representation was independently rated by the observers in terms of
recognition of anatomical structures and quality of tracked muscle �bers, using a 5-point Likert scale for each sphincter.

Score 1 = no �ber reconstruction: sphincter not visualised

Score 2 = insu�cient �ber reconstruction: the �ber architecture is incoherent and / or few �bers are rebuilt

Score 3 = acceptable �ber reconstruction: the reconstructed �bers provide an overview of sphincter architecture despite
the presence of incoherent or missing �bers.

Score 4 = satisfactory �ber reconstruction: the sphincter is generally well reconstructed, little incoherence and missing
�bers

Score 5 = excellent �ber reconstruction: the appearance of the sphincter re�ects the expected anatomy, without missing or
inconsistent �bers.

Quantitative analysis
Tractography was launched using the matching anatomical T2-weighted reference from a seed of a region of interest
(ROI) manually drawn independently by each observer who was asked to encompass the contour of each of the four
previously de�ned muscular part at mid-canal. The mean ROI surface was 100 mm2 for the internal sphincter and 200
mm2 for the others components. The average value recorded of the FA and ADC were obtained from 3 independent
measurements of each component.

Means with standard deviation (SD) and median values of our cohort were recorded for each anatomical structure.
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To note, the epithelial/subepithelial layer was not taken into account because we would like to focus our study on the
muscular parts.

Statistical analysis
The statistical analysis was done using the XLSTAT statistical software (Addinsoft, version 2015.4.1 for Windows). For
the qualitative data, interobserver concordance was determined using quadratic Cohen weighted kappa statistics. Kappa
statistics with 95% con�dence intervals were calculated.

For each muscular components, the DTI parameters FA and ADC values, mean with standard deviation (SD) and median
values were compared by using the Mann-Whitney test for two independent groups and Kruskall-Wallis for several
independent groups. A p value of less than 0.05 was considered to be statistically signi�cant.

Results
The mean duration needed to perform the complete �ber tracking process was 7 min ± 1.5 per case. 

There were no in�uencing artifacts, nor distortions detected on the diffusion images, thus yielding a robust DTI �ber
tracking dataset. Additionally, there were no susceptibility artefacts from the luminal gas, as patients were asked to empty
their rectum prior to entering inside the magnet.

The quality Likert score of �ber tracking representation was 3.58 ± 0.80 and 3.74 ± 0.81, for observers 1 and 2,
respectively. The interobserver concordance for the quality score was considered substantial, at 0.77 (con�dence interval:
0.72–0.85). For all cases, the circularly oriented �bers of the internal sphincter as well as the paired pelvic �oor
musculature were individualized on the color-coded �ber tracking.

During the morphological analysis on T2-weighted images, several segments were judged abnormal (Table 1): 9 on the
right external sphincter, 10 on the left external sphincter, 11 on the internal sphincter and 8 on the puborectalis. There was
no sign of in�ammation or swelling of the anal canal.

On the DTI 3D color coded representation, no pathological disruption of �bers was observed inside the abnormal group.
The predominant direction of diffusivity was for the internal anal sphincter an antero-posterior direction along the lateral
part and a transversal direction along the anterior and posterior part re�ecting the circular con�guration of the smooth
�bers; a partial circular con�guration for puborectalis and a predominant cranio-caudal direction for the external anal
sphincter was found for those two striated muscles. 

The central epithelial/subepithelial layer appeared blue, corresponding to a craniocaudal direction. (Figs 1, 2). 

The mean FA and ADC values with their standard deviations (SD) are given in Table 2. There was no statistically
signi�cant difference between the normal group (N) and the abnormal group (An) for all our muscular subgroups. 

The median FA and ADC values for the left external sphincter, right external sphincter, internal sphincter and puborectalis
muscle were:  370–379; 345-352; 331-348; 361-385 and 1.568-1.507;1.591-1.581;1.532-1.489; 1.578-1.548 10-3mm2/s for
normal (N) and abnormal (An) groups, respectively (Fig 3). Additionally, there was no statistically signi�cant difference
between smooth internal sphincter and striated both puborectalis/external sphincters, regarding the ADC value (p=0.38)
for the normal group, p=0.24 for the abnormal group and the FA value (p=0.73 for the normal group, p=0.27 for the
abnormal group).

Discussion
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We have demonstrated the feasibility of DTI with tractography as a new method to identify the complex morphology and
architectural organization of the anal canal sphincters, also providing relevant quantitative information.

To our knowledge, this is the �rst evaluation of DTI of the anal canal for the follow up of treated perianal �stulas and the
3D color-coded �ber-tracking resulted in a satis�ed viewing of the complex muscles �bers shape and orientation.

Our study is in concordance with initial anatomical studies that demonstrated the potential of in vivo DTI with 3D
representation, to illustrate the levator ani musculature [10], the anal canal [11] or to explore the female pelvic �oor [12].

With this noninvasive method, which does not require any contrast agent, we reached an excellent image quality, made
possible by the overwhelming recent improvements of MR technology.

The circular con�guration of the internal sphincter and puborectalis were clearly demonstrated as well as the
combination of craniocaudal and anteroposterior orientation of the external sphincter.

Our inter-observer concordance was substantial with a reasonable acquisition and processing time with 64 diffusion-
weighted directions, meaning that this evaluation could be applicable in clinical routine. Furthermore, some studies on the
urethral sphincter advocated that encoding fewer diffusion directions even allowed good �ber tracking with a shorter
acquisition time [13, 14].

The DTI quantitative parameters provide with valuable information regarding the microstructure of �bers by assessing
the direction and extent of random movement of water molecules. Additionally, the ADC value is an indicator of the extent
of irregular Brownian motion of water molecules in tissue. Thus, higher ADC value indicates higher range of irregular
movement by unit of time.

The FA value (i.e. ranging 0 to 1) is an indicator of the direction of this movement. For instance, a FA value around 0
indicates a quasi isotopic diffusion, meaning a uniform distribution of all directions of movement, while higher FA values
indicate more ordered and directional movements inside the microstructure.

In our study we demonstrated anisotropy for all segments of the anal canal, in agreement with previous studies, meaning
that the water molecules move preferentially in a certain direction within the muscular �bers.

Regarding the normal DTI values of the anal canal Goh et al [11], described mean FA values (with standard deviation) of
0.337 ± 0.049; 0.415 ± 0.072 and 0.361 ± 0.089 to 0.407 ± 0.062, for the internal, external sphincters and puborectalis
respectively. These values were in the same range as those we recorded in our normal group, except for the external
sphincter which was less directional in our study. Additionally, their mean ADC values (in 10− 3 mm²/s) for the internal,
external sphincters and puborectalis were 1.59 ± 0.19, 1.51 ± 0.28 and 1.54 ± 0.29, respectively, which are also in
agreement with what we observed in our normal group, thus meaning similar intensity of the molecular water movement.

When considering the unaffected (normal-appearing) puborectalis muscle as reference, Wang et al [8] described DTI
parameters (in active perianal �stula) close to what we observed in terms of mean FA (0.382 ± 0.084 vs 0.343 ± 0.070),
which meant that there is a similar direction of the water movement within �bers. If the mean ADC value (in 10− 3 mm²/s)
was signi�cantly higher (1.703 ± 0.432 vs 1.864 ± 0.336), the SD was quite large, so that we can consider the obtained
values as overlapping.

Zijta et al [15–16] reported lower DTI values of normal pelvic �oor muscles in women, with lower mean FA (0.25 ± 0.04
and 0.30 ± 0.04) and ADC (ranging from 1.30 x 10− 3 mm²/s ± 0.08 to 1.42 x 10− 3 mm²/s ± 0.28) values. However, they
evaluated the anal canal sphincters globally, with no distinction between the internal and the external sphincters.
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If Goh et al. [11] described higher value for FA in the striated anal canal musculature, in our study, there was no signi�cant
difference in terms of of FA between the internal anal sphincter (i.e., smooth muscle) and the other (i.e., straited) muscular
components. In our work for both groups, the muscular type (i.e., smooth or striated) did not seem to interfere with the
value of anisotropy. The explanation cannot be attributed to the small size of our cohort, as it is similar to Goh et al. (n = 
25), but could be related the type of patients. Goh et al. patients were older men with prostatic carcinoma, [11] while our
patients were younger and from both genders. However, our results were concordent regarding the ADC value in the
normal group, thus indicating a similar overall diffusivity. To note, Goh et al. recorded similar FA value of the striated
gluteus maximus muscle to what we recorded for the internal sphincter. Additionally, the FA value of the striated
puborectalis muscle observed by Wang et al. [8] was in the same range as what we observed for the smooth internal
sphincter. In parallel, two recent papers on the male urethral sphincter [13, 17], described signi�cantly higher FA values in
the proximal sphincter, but this anatomical part is mainly composed of smooth muscle �bers.

As a result, we cannot con�rm the proposed hypothesis that the FA value varies according to the muscular type (i.e.,
smooth vs striated muscle), with higher values for striated muscle.

Measurements of anisotropy may provide additional information of microstructural muscular disruption secondary to
any types of injury such as trauma, pelvic radiotherapy, �stulous disease, or tumor. It is anticipated that such injury may
decrease anisotropy values because of loss of the normal �ber orientation. Surprisingly, there was no statistically
signi�cant difference in terms of quantitative parameters of DTI whether the morphology on T2-weighted images was
normal or abnormal, in our cohort of patients with healed anal �stula, most of which were asymptomatic. A possible
explanation for this �nding is a complete recovery of muscular �bers in healed anal �stula, with normal water movement
inside the muscle �bers. The persistent pain in 13 patients remains unexplained on both DTI and T2-weighted images,
especially as 2/7 patients had an abnormal sphincter on T2-weighted images. Therefore, DTI appears more pertinent than
the routine T2-based morphological evaluation of the muscular components of anal canal to assess healing.

However, some limitations can be noted.

Firstly, we are aware that our cohort is quite small (n = 21) but to our knowledge there is no larger cohort in the literature.
Additionally, the DTI values in our normal group are in line with recently published data.

Secondly, this work is observational with no correlation to histology or confrontation with other non-invasive imaging
techniques (e.g., high-resolution ultrasound or manometry). However, even if the morphological analysis on T2-weighted
imaging is a subjective parameter, this is the standard of care to detect anal canal abnormalities on imaging and we also
took the clinical data into account.

Thirdly, DTI should probably be considered only as a biomechanical tool to delineate muscle �bers, rather than a
quantitative tool for the functional evaluation of the anal sphincters.

Lastly, we used a 3T MRI, to ensure a higher signal than with a lower �eld magnet of 1.5T, as in other studies. The values
of the quantitative parameters should not be vendor speci�c, but could differ with the magnetic �eld (1.5Tvs 3T) [18].
Thus, this technique should be evaluated on lower �eld MRI (1.5T) which is more commonly found worldwide, despite
growing access to 3T MRI.

Conclusion
MRI �ber tractography with DTI parameters quanti�cation appears as noninvasive method to evaluate the microstructure
of the anal canal sphincters. In healed perianal �stulas, minor anatomical sequalae on morphological T2-weighted
images did not seem to alter the microstructure of the different muscular components of the anal canal.
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Thus, this technique appears interesting to con�rm complete muscular healing, but further studies with larger cohort are
required to evaluate the reproducibility of DTI.

List Of Abbreviations
DTI: Diffusion Tensor Imaging, 

MRI: Magnetic resonance imaging, 

DWI: Diffusion weighted imaging 

FA : Fractional anisotropy, 

ADC : Apparent diffusion coe�cient

l ES: Left external sphincter

r ES: Right external sphincter

IS: Internal sphincter

PR: puborectalis muscle 
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Tables
Table 1: Results of the morphological T2-weighted analysis of the different sphincters of the anal canal

  left ES  right ES  IS PR

Thinning 6 5 5 5

Segmental     abnormality 4 4 6 3

Total 10 9 11 8

Table 2: Results of DTI quantitative parameters of the normal (N) and the Abnormal  (An) group for each muscular
segment.
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  left ES

FA

left ES

ADC

right ES

FA

right ES

ADC

IS

FA

IS

ADC

PR

FA

PR

ADC

       
 N

11 cases 13 cases 12 cases 12 cases 14 cases 14 cases 13 cases 13 cases

 mean
(±SD)

0.405±102 1.476±377 0.364±55 1.395±381 0.339 ±51 1.420±432 0.352 ±97 1.595±297

                 

An 10 cases 10 cases 9 cases 9 cases 11 cases 11 cases 8 cases 8 cases

mean
(±SD)

0.358±53 1.493±213 0.362±47 1.471
±203

0.370±51 1.412±193 0.436 ±51 1.548 ±207

p 0.62 0.81 0.73 0.67 0.79 0.67 0.25 0.90

Means (standard deviation, SD) of the fractional anisotropy (FA) and apparent diffusion coe�cient (ADC - unit : 10–3
mm2 /s) of the normal (N) and the Abnormal  (An) group for each muscular segment.

FA : Fractional Anisotropy - ADC : Apparent Diffusion Coe�cient 

P values calculated  between each pair of normal and abnormal muscular part

Figures
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Figure 1

Male 43 yo - normal sphincter–intersphincteric �stula 8 months before. No pain at defecation.

a: Normal T2- weighted images axial sequence. Internal and external anal sphincters are perfectly delineated.

b: Color coded 3D tractography of the internal anal sphincter-cranio caudal view. It shows perfectly the annular
con�guration of the smooth muscle �bers. The different color indicates the orientation. The direction of diffusivity is
antero-posterior (green) along the lateral part and transversal along the antero-posterior part (red).

The blue inner part represents the epithelial/subepithelial layer with a cranio-caudal direction.

Few aberrant �bers are also observed (hollow white arrow)
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c: Color coded 3D tractography of the internal anal -oblique view. It shows the perfect circular orientation of the �bers.
Aberrant �bers are observed (hollow white arrow).

d: Color coded 3D tractography of the complete anal sphincter – cranio-caudal oblique view. The external striated
sphincter surrounded the annular internal smooth �bers has an antero posterior direction (green). The intersphincteric
space is clearly delineated.

Aberrant �bers (hollow white arrow).

Figure 2

Female 31 yo - abnormal sphincter–stable Crohn disease –transphincteric �stula 9 months. Pain at defecation, no
abnormality at clinical examination. 

a: T2 weighted sequence-axial view showing a disruption of the left anterior part of the internal sphincter (white arrow
head) and an obstruction of the right intersphincteric space with a thinning of the right external sphincter (white arrow).

b: Color coded 3D tractography of the internal anal sphincter -cranio caudal view.The color map shows perfectly the
annular con�guration of the smooth muscle �bers. The different color indicates the orientation. The direction of
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diffusivity is antero-posterior (green) along the lateral part and transversal along the antero-posterior part (red). There was
no disruption of �bers.

Aberrants �bers are present (hollow white arrow). Epithelial/subepithelial layer is not well illustrated on this view

c: Color coded 3D tractography of the internal anal sphincter - antero posterior view. It shows perfectly the absence of
disruption of �bers. The direction of diffusivity is strictly normal antero-posterior (green) along the lateral part and
transversal along the antero-posterior part (red).

Aberrant �bers (hollow white arrow).

d: Color coded 3D tractography of the anal canal – postero anterior view. It shows the integrity of �bers for both
sphincters. The striated external sphincter presents a cranio -caudal direction and an antero posterior direction. The
epithelial/subepithelial layer (blue) is well seen with a cranio caudal direction.

Figure 3

Whisker-box plots (median, quartile and range) of values for FA and ADC (ADC in unit : 10–3 mm2 /s) of the normal (N)
and the Abnormal (An) group for each muscular segment.

a: Fractional Anisotropy (FA) - l ES: left external sphincter, r ES: right external sphincter
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b: Fractional Anisotropy (FA) - IS: internal sphincter, PR: puborectalis

sphincter

c : Apparent Coe�cient Diffusion (ADC) - l ES: left external sphincter, r ES: right external sphincter

d : Apparent Coe�cient Diffusion (ADC) - IS: internal sphincter, PR: puborectalis


