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Abstract:
Introduction: Many types of research are being carried out in the fields of understanding of the pathogenesis, early rec-

ognition, and improving the outcomes after spinal cord injury (SCI). Diffusion tensor imaging (DTI) is one of the modali-

ties used in vivo microstructural assessment of SCI. The aim of the present study is to evaluate the role of DTI imaging and

fiber tractography in acute spinal injury with clinical profile and neurological outcome.

Methods: The study was carried out on twenty-five patients of acute spinal cord injury who presented within 48 hours of

injury and completed minimum of six months follow-up.

Results: The mean age of patients was 37.32±13.31 years and male & female ratio of 18:7. Total MIS score was 91.64±

6.0 initially which improved to 96.92±3.68 after 3 months and 99.4±1.35 after 6 months. Total SIS score was similar at all

the time intervals i.e. 224±0. Maximum subjects 14(56%) were classified into AIS C and 5(20%) into AIS D whereas only

6(24%) subjects were having no deficit (AIS E). At the end of 6 months, 13(52%) subjects had no deficit (AIS E). Mean

fractional anisotropy (FA) initially was 0.451 (± 0.120) but after 6 months, it increased to 0.482 (± 0.097) (p<0.001). The

mean apparent diffusion coefficient (ADC) initially was 3.13 (± 2.68) but after 6 months, it decreased to 3.06 (± 2.68) and

this change was found to be statistically highly significant (p<0.001). Mean anisotropy index (AI) initially was 0.420 (±

0.245) but after 6 months, it increased to 0.430 (± 3.41) and this change was found to be statistically significant (p<0.01).

Conclusions: DTI is a sensitive tool to detect neurological damage in SCI and subsequent neurological recovery. FA cor-

related with ASIA impairment scale. It can be useful as an adjunct to conventional MRI for better evaluation and predicting

prognosis in SCI patients.
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Introduction

Magnetic resonance imaging (MRI) is an essential tool

for detecting pathological changes, for predicting prognosis

and for planning the treatment of patients with SCI1). How-

ever, the information typically provided by conventional T1-

and T2-weighted MRI of the spinal cord is limited to the

differentiation of white matter from gray matter and macro-

scopic structural changes within the cord in a diseased or in-

jured state.

Diffusion tensor imaging (DTI) and Diffusion tensor trac-

tography are advanced MRI techniques that enables the

measurement of anisotropic restricted diffusion of water in

tissue in order to produce neural tract images. It enables the
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quantification of diffusion anisotropy and detection of subtle

changes in the white matter which is normally not observed

on conventional MRI images2).

Spinal cord injury results in damage to myelinated fibres

of the spinal cord and or nerve roots. Magnetic resonance

imaging can detect these changes as increased signal density

on T2W and STIR Images3).

Currently, DTI is being used routinely in the clinical as-

sessment of ischemic and hypoxic injuries in the CNS. The

earliest DTI-sensitive morphological changes after spinal in-

sult occur as hemorrhages in the central gray matter adjacent

to the central canal. These hemorrhages spread radially from

the central canal, primarily affecting the anterior horns and

neighboring white matter regions around the injury epicentre

and then extend in the rostral and caudal directions4-7). In ad-

dition to an increase in transverse diffusion, DTI in acute

spinal trauma often exhibits a decrease in apparent diffusion

coefficient (ADC), resulting in an overall decrease in diffu-

sion anisotropy in the lesion sites during the period of se-

vere edema and hemorrhage. This decrease in the ADC has

been largely attributed to metabolic dysfunction as opposed

to specific changes in axon morphology8,9).

Diffusion tensor imaging may be beneficial in quantifica-

tion of spinal injury prior to surgical treatment and help in

prognostic postsurgical outcome. It can also determine the

extent of injury particular below the level of diagnosed in-

jury. Studies have shown that injured segments show evi-

dence of reduced fractional anisotropy (FA) and increased

ADC values as compared to normal areas with depiction of

disruption on tractography images10).

As the number of patients with SCI is increasing day by

day, the information on outcome helps in counseling the

anxious relatives, forecasting length of stay and expenditure

in the hospital. We conducted a study in acute SCI patients

to analyze findings on diffusion tensor magnetic resonance

imaging and fiber tractography and correlate with clinical

profile and neurological outcome.

Material and Methods

Forty-six patients were enrolled for the present prospec-

tive study initially who presented within 48 hours of injury

to the Orthopaedics Department of a tertiary care center dur-

ing a period of 2 years from May 2017 to April 2019. Four

patients with severe SCI expired, and seven patients (3 with

complete and 4 with incomplete SCI) were lost to follow

up. Ten patients (including complete and incomplete SCI)

with unstable thoracolumbar fractures were stabilized with

short segment pedicle screw fixation. Presence of implant

created artifacts at injury site on diffusion images in the

subsequent DTI; these were excluded from the study. Data

analysis of remaining twenty-five patients treated conserva-

tively and who completed minimum six month of follow up

with all relevant investigations as per study protocol was

carried out. Prior written informed consent was taken from

each patient after explaining the procedure, risks and bene-

fits. Patients with non-traumatic cause for SCI, patients with

head injury/medically unstable condition, patients with pre-

vious implanted metallic devices, patients with claustropho-

bia, pacemakers and cochlear implants, patients presented

with previous neurological deficits, gunshot wounds were

excluded from the study.

Detailed informative history of the patient was taken in a

chronological order. Thorough general physical examination

and neurological examination of the patient was performed.

Clinical assessment (sensory score, motor score and zone of

partial preservation) was done at the time of admission, 3rd

day, 7th day, 3 months and 6 months as per international

guidelines11).

Plain roentgenogram examination (lateral, antero-posterior

film) was taken. CT and MRI were done in all cases within

48 hours of injury. Our protocol of conservative treatment

included initial bed rest and postural reduction; and followed

by gradual mobilization with braces.

Follow-up was done at one month, 3 months and 6

months. Clinical evaluation and plain radiography was done

at each follow-up. Diffusion tensor imaging and fiber tracto-

graphy and conventional MRI was also done at 3 months

and 6 months. Following outcome were measured and as-

sessed:

1. DTI and DTT

Tractography is a 3D modeling technique used to visually

represent neural tracts using data collected by diffusion-

weighted images (DWI). The results were assessed in two

and three-dimensional images. Fractional anisotropy, appar-

ent diffusion coefficient, and anisotropy index (AI) were cal-

culated.

2. Neurologic outcome

Neurological examination was done on each follow up to

assess neurological outcome. Any increased in motor power;

regain of bladder sensation, bladder and bowel recovery was

noticed and the patient graded as per AIS (ASIA impairment

scale)11).

Statistical analysis

The statistical analysis on the results was performed by

using Student t-test (paired), Analysis of Variance, Cochran

Q-test and Chi-square test. A p value of <0.05 was consid-

ered as significant.

Results

The mean age of patients was 37.32 ± 13.31 years with a

range of 20 to 75 years. Out of the total subjects, eighteen

(72%) were males and seven (28%) were females. Most of

the subjects were farmer (24%), followed by housewife and

student (20%) each and laborers (16%). Thoracolumbar ver-

tebral junctional region (D11-L1) was the most common site

of injury 20 patients (80%) and it was followed by thoracic

spine in 3 patients (12%). Cervical spine was involved in 2
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Table　1.　Distribution of Subjects According to Their Neurological Assessment (n=25).

Neurological assessment Initial 3 months 6 months Significance

Decreased Muscle Tone 20 (80%) 11 (44%)  6 (24%) <0.001*

Total Motor Index Score (MIS) 91.64±6.0 96.92±3.68 99.4±1.35 <0.001#

Total Sensory Index Score (SIS) 224±0 224±0 224±0 -

Voluntary anal contraction 14 (56%)  9 (36%)  3 (12%) <0.001*

Temperature  8 (32%)  3 (12%) 0 <0.001*

Deep anal pressure 11 (44%)  7 (28%)  2 (8%) <0.01*

Reflexes:

Abdominal reflex 10 (40%)  2 (8.0%)  2 (8.0%) <0.001*

Babinski reflex 25 (100.0%) 25 (100.0%) 25 (100.0%) -

Patellar 10 (40.0%)  4 (16.0%)  3 (12.0%) <0.05*

Ankle 10 (40.0%)  4 (16.0%)  2 (8.0%) <0.01*

Clonus 25 (100.0%) 25 (100.0%) 25 (100.0%) -

ASIA Score

A 0 0 0 -

B 0 0 0 -

C 14 (56%) 0 0 <0.001**

D  5 (20%) 15 (60%) 12 (48%) <0.01**

E  6 (24%) 10 (40%) 13 (52%) 0.124**

Median C D E

*Cochran’s Q test  #Repeated Measures ANOVA  **Chi-square test

Table　2.　Quantitative Findings on DTI and Fiber Tractography as Observed Initially and Their 

Subsequent Follow-ups (n=25).

DTI and fiber tractography 

findings
Initial 3 months 6 months

Significance* 

(Initial vs. 6 months)

FA 0.451±0.120 0.464±0.111 0.482±0.097 <0.001

Apparent diffusion coefficient 3.13±2.68 3.09±2.68 3.06±2.68 <0.001

Anisotropy index 0.420±0.245 0.424±0.245 0.430±0.243 <0.001

*Student t-test (Paired)

patients (8%). The most common cause of SCI was fall

from height 23 patients (92%). The mean duration of time

elapsed between injury and imaging was 7.36 (±3.02) hours

ranging from 3 to 15 hours. Maximum number of patients

were imaged within 12 hours (88%).

Severe pain, swelling and deformity preceded by trauma

were the universal presenting symptoms followed by weak-

ness in lower limbs 17 patients (68%) and retention of urine

20 patients (80%). All symptoms subsequently decreased

significantly. At the end of 6 months, pain, weakness of

lower limb, and urinary retention persisted in 68%, 6%, and

8% subjects respectively.

1. Neurological assessment

Table 1 shows detailed neurological assessment at differ-

ent point of time in subsequent follow ups. There was sig-

nificant recovery in majority of parameters assessed. Signifi-

cant improvement in neurological deficit was observed in

patients with AIS C and D.

2. DTI and DTT

i. Quantitative findings of DTI and fiber tractography in the
cohort

Table 2 shows quantitative findings of DTI and fiber trac-

tography. Average FA was initially 0.451 (±0.120) which

improved to 0.464 (±0.111) in 3 months. It further improved

to 0.482 (±0.097) in next 3 months. Average ADC was high

3.13(±2.68) initially and decreased to 3.09 (±2.68) in 3

months. It further decreased to 3.06 (±2.68) in next 3

months (p<0.001). AI was initially 0.420 (±0.245) which

improved to 0.424 (±0.245) in 3 months. It further improved

to 0.430 (±0.243) in next 3 months. All the values showed

significant (p<0.001) changes in the subsequent follow ups.

ii. Correlation of FA, ADC and AI with AIS (ASIA impair-
ment scale)

Table 3 and Graph 1-3 show correlation of FA, ADC and

AI with AIS. Correlation of FA was found to be significant

with AIS C, D and E at Initial, 3 months and 6 months.

Correlation of ADC and AI at all three intervals was non-

significant (p>0.05).
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Graph　1.　CORRELATION OF FA AS OBSERVED AC-

CORDING TO AIS (ASIA IMPAIRMENT SCALE) (n=25).

Initial vs. Initial 3 m vs. 3 m 6 m vs. 6 m

C (n=14) -0.247 -0.083 0.148

D (n=5) 0.812 0.8 0.8

E (n=6) 0.876 0.829 0.812
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Graph　2.　CORRELATION OF ADC AS OBSERVED AC-

CORDING TO AIS (ASIA IMPAIRMENT SCALE) (n=25).

Initial vs. Initial 3 m vs. 3 m 6 m vs. 6 m

C (n=14) -0.392 -0.032 0.163

D (n=5) 0.4 0.359 0.3

E (n=6) 0.429 0.429 0.429
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Graph　3.　CORRELATION OF AI AS OBSERVED AC-

CORDING TO AIS (ASIA IMPAIRMENT SCALE) (n=25).

Initial vs. Initial 3 m vs. 3 m 6 m vs. 6 m

C (n=14) 0.098 -0.074 0.472

D (n=5) 0.8 0.872 0.8

E (n=6) -0.543 -0.543 -0.0543
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Table　3.　Correlation of FA, ADC, AI as Observed According to AIS (ASIA Impairment Scale) (n=25).

AIS 

(ASIA impairment 

scale)

FA ADC AI

Initial 3m 6m Initial 3m 6m Initial 3m 6m

C (n=14) 0.802* 0.994** 0.996** 0.133 0.095 0.124 0.113 0.112 0.170

D (n=5) 0.812* 0.800* 0.800* 0.400 0.359 0.300 0.800 0.872 0.800

E (n=6) 0.876* 0.829* 0.812* 0.429 0.429 0.429 -0.543 -0.543 -0.543

Pearson’s Correlation of Coefficient, **<0.01 Significant, *<0.05 Significant

iii. Quantitative findings and inter AIS score comparison of
FA, ADC, and AI according to AIS (ASIA impairment scale)

Table 4 shows quantitative findings of FA, ADC, and AI

according to AIS. There was improvement in quantitative

values; but this improvement was found statistically non-

significant (p>0.05). Inter AIS score comparison showed sig-

nificant difference in values at initial (p<0.001), 3 months (p

<0.01) and 6 months (p=0.07) respectively for AIS C vs. D.

For AIS C vs. E, values have been found to be significant in

initial (p<0.001), 3 months (p<0.001), and 6 months (p=

0.02). For AIS D vs. E, values have been found to be non-

significant at all points of time.

iv. Correlation of motor index score (MIS) with FA, ADC
and AI

Graph 4 shows correlation of total MIS with FA, ADC,

and AI. Correlation was found to be statistically non-

significant (p>0.05) at all points of time of observations.

Fig. 1-3 show the conventional MRI pictures and DTI of

a 42 year old female with fracture of lumbar first vertebra

with AIS C neurological deficit.

Discussion

Several studies in the past have shown the utility of DTI

indices to quantify the damage of neural tissue post

SCI4-10,11-33,36-39). The present study builds upon these studies

that show the evidence in support DTI indices as a potential

neuroimaging biomarker of the spinal cord and is the first to

examine the clinical relevance of these over several point of

times post SCI.

DTI and fiber tractography

In the present study, decrease in FA was seen initially and
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Graph　4.　CORRELATION OF MIS WITH FA, ADC AND 

AI.

Initial vs. Initial 3 m vs. 3 m 6 m vs. 6 m

FA -0.247 -0.083 0.148

ADC -0.392 -0.032 0.163

AI 0.098 -0.074 0.472
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Table　4.　Quantitative Findings and Inter AIS Score Comparison of FA, ADC, and AI 

as Observed According to AIS (ASIA Impairment Scale) Initially and Their Subsequent 

Follow-ups (n=25).

AIS 

(ASIA impairment 

scale)

Initial 3 months 6 months
Significance*

 (Initial vs. 6 months)

Fractional anisotropy (FA)

C (n=14) 0.323±0.056 0.354±0.065 0.397±0.083 0.272

D (n=5) 0.469±0.106 0.475±0.104 0.488±0.087 0.875

E (n=6) 0.516±0.123 0.530±0.099 0.541±0.092 0.927

C vs. D** <0.001 <0.01 0.07 -

D vs. E**  0.442   0.291  0.261 -

C vs. E** <0.001  <0.001 0.02

Apparent diffusion coefficient (ADC)

C (n=14) 1.91±0.49 1.96±0.50  2.0±0.50 0.998

D (n=5) 3.29±2.85 3.22±2.85 3.26±2.85 0.980

E (n=6) 3.71±3.36 3.74±3.36 3.77±3.36 p=1

C vs. D** 0.251 0.254 0.255 -

D vs. E** 0.127 0.133 0.132 -

C vs. E** 0.751 0.750 0.753 -

Anisotropy index (AI)

C (n=14) 0.323±0.226 0.327±0.226 0.335±0.225 0.990

D (n=5) 0.524±0.289 0.527±0.288 0.531±0.288 0.993

E (n=6) 0.566±0.119 0.571±0.119 0.575±0.120 0.999

C vs. D** <0.001 <0.001 0.01 -

D vs. E**  0.759  0.747  0.748 -

C vs. E** <0.001 <0.001 0.01 -

*Repeated measures ANOVA **Independent t-test

C vs. D: AIS C versus D; D vs. E: AIS D versus E; C vs. E: AIS C versus E

it increased statistically significantly (p<0.001) subsequently

with the improvement in neurological deficit. The FA values

were significantly lower in patients with more deficit; as

shown by the comparison of FA values between AIS C and

D, C and E initially and subsequent follow ups. Mulcahey et

al.12) reported decreased FA at lesion (<0.003) in 10 SCI pa-

tients when compared with 15 controls. Rao et al.13) reported

statistically significant differences in FA values between re-

sidual and remote normal fibers in 4 patients with SCI (P =

0.000) and between their residual and healthy control fibers

(three healthy volunteers) (P = 0.000). No significant differ-

ence was reported between remote normal and healthy cords

(P = 0.312). This may be the explanation why we did not

have statically significant difference; while comparing AIS

D vs. E. D’souza et al.14) reported that mean FA value at the

level of injury (0.43±0.08) in traumatic cervical SCI patients

was less than in controls (0.62±0.06), which was statistically

significant (p value <0.001). Similarly, Alizadeh et al.15) in a

study found FA values were significantly decreased in pa-

tients with SCI (P = 0.0238) when compared with controls.

However, it was not a statistically significant difference.

Similar to the present study, other studies in the past have

shown a correlation between FA value reduction and sever-

ity of SCI16,17).

According to Mukherjee18) reduced FA is indicative of

nerve degeneration and axonal loss. Degree of neurological

deficit after SCI affects reduction of FA, which suggests a

potential role for DTI in detecting objective morphological

changes during the progression between acute and chronic

stages of SCI19,20), as well as throughout the recovery proc-

ess17,21).
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Figure　1.　Initial plain radiographs anteroposterior (a) & lateral (b) showing fracture of lumbar first vertebra in a 42 year old female 

with AIS (ASIA impairment scale) C neurological deficit. Conventional MRI T1-weighted (c) and T2-Weighted (d) sagittal sections 

shows fracture of vertebral body with spinal cord edema & hemorrhage. Fiber tractography (e) shows disruption of fibers. Values of 

FA, ADC and AI were 0.456, 1.42, and 0.316 respectively.

Figure　2.　Plain radiographs anteroposterior (a) & lateral (b) at 3 months follow-up. The patient improved neurologically to AIS 

(ASIA impairment scale) D. Conventional MRI T1-weighted (c) and T2-Weighted (d) sagittal sections shows improvement in spinal 

cord edema & hemorrhage. Fiber tractography (e) shows disruption of the fibers. Values of FA, ADC and AI were 0.458, 1.40, and 

0.318 respectively.

Correlation of mean FA values of initial, 3 months and 6

months were done according to AIS. There was significant

correlation at all point of time in all AIS scores. AIS is now

internationally accepted method to predict outcome in acute

SCI. Czyz et al.22) in their study showed an inverse relation

between FA and ASIA score and ASIA grade endorsing the

prognostic role of FA. A negative correlation of FA around

the injury site with ASIA motor scores was for patients with

non-hemorrhagic contusions after acute cervical traumatic

SCI by Cheran et al.23). Similar to the present study, Koski-

nen et al.24) reported decreased FA (<0.001), and FA corre-

lated with ASIA score (<0.001). Statistically significant

positive correlation was found between clinical grading

(Frankel grade) and FA values at the level of injury (r value

= 0.86) by D’souza et al.14). Vedantam et al.21) reported that

FA correlated with upper limb motor score (whole cord: r =

0.59, P = .04; lateral corticospinal tracts (CSTs): 0.67, P

=.01) and the ASIA grade (whole cord: r = 0.61, P =.03;

CST: r = 0.71, P =.009). Cohen-Adad et al.25) reported FA

correlated with AIS (<0.01). In the present study we could

find significant correlation only between different AIS

grades and not with MIS.

In the cohort, ADC was high initially and it decreased

significantly in next 3 months (p<0.001). Similar to the find-
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Figure　3.　Plain radiographs anteroposterior (a) & lateral (b) at 6 months follow-up. The patient improved neurologically to AIS 

(ASIA impairment scale) E. Conventional MRI T1-weighted (c) and T2-Weighted (d) sagittal sections shows almost complete resolu-

tion of spinal cord edema & hemorrhage. Fiber tractography (e) shows disruption of the fibers. Values of FA, ADC and AI were 

0.463, 1.37, and 0.322 respectively.

ings of the present study, D’souza et al.14) reported that the

mean diffusivity (MD) value at the level of injury (1.30+/−

0.24) in cases was higher than in controls (1.07+/−0.12, p

value <0.001). Negative correlation was found between

clinical grade and Mean MD at the level of injury (r value =

−0.38) which was however statistically not significant. There

are mixed reports of the ADC in SCI; few of the studies

showed decrease at levels above, below, and at the site of

injury, others show increase, while few have shown no

change20,26-28).

We could not find any significant change in mean ADC

values of initial, 3 months and 6 months according to AIS.

Li et al.20) also reported that ADC did not show any signifi-

cant changes with time in both the mild and moderate injury

groups, suggesting that ADC was not effective in assessing

the injuries. Correlation of total MIS score of initial, 3

months and 6 months with ADC values of initial, 3 months

and 6 months respectively; also showed no significant corre-

lation. Few studies in the literature have reported findings

which are contrary to the findings of the present study.

These findings are ADC positively correlated with ASIA

motor score for upper limbs during the 3-month follow-up

(Czyz et al.22)); decreased AD (<0.05), and RD (<0.05) at le-

sion; and RD correlated with AIS (<0.01) (Cohen-Adad et

al.)25); and ADC correlated with postoperative recovery (=

0.02) (Endo et al.)29).

In the cohort, AI was initially decreased and improved

significantly in next six months (p<0.001). Although com-

parison of mean AI values of initial, 3 months and 6 months

according to AIS showed improvement; but this was not sta-

tistically significant. Inter AIS grade comparison showed

significant difference between AIS C and D, AIS C and E;

thereby indicating lower values in patients with more neuro-

logical deficit. We could not find any significant correlation

of total MIS score of initial, 3 months and 6 months with

AI values of initial, 3 months and 6 months, respectively.

Similarly, Nevo et al.30) (2001) in an animal study, reported

that the mean-AI and sum anisotropy ratio (SAI) values in-

creased gradually with the distance from the site of the le-

sion. At the site itself, the mean- AI and SAI values were

significantly higher in the spinal cords of the treated animals

than in the controls. The SAI values, AI histograms, and AI

maps proved to be useful parameters for quantifying injury

and recovery in an injured spinal cord in their study.

Studies conducted on use of DTI in SCI showed that FA

values decrease and ACD values increase at lesion sites after

SCI14,15,27,30-33). DTI metrics correlate with histological axonal

injury as well as functional recovery34,35). Review of other

studies done in human SCI in context with findings of the

present study shows decrease in FA at lesion (<0.001), MD

throughout cord (<0.05), and FA correlated with complete-

ness of injury (Ellingson et al.)36); decreased FA at lesion

(<0.001), FA and FT correlated with ISCSCI functional

scores (Chang et al.)37); and decreased FA at (<0.001) and

caudal to lesion (<0.05), decreased MD and increased AD

throughout cord (<0.001) (Cheran et al.)23). Findings of the

present study are also in concurrent with these studies; and

at the same time also highlights that the FA and AI increase

and ADC decrease during different point of time post SCI is

associated with clinical improvement in neurological status

in majority of the cases.

Martin et al. in 201538), while reviewing the English litera-

ture on diffusion tensor imaging (DTI), magnetization trans-

fer (MT), myelin water fraction (MWF), MR spectroscopy

(MRS), and functional MRI (fMRI) reported that the major-

ity of DTI studies reporting biomarker utility results focused

on the metric FA. We also endorse their observations and

findings of Li et al.20) and Facon et al.39) that FA value is a
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sensitive marker of SCI and FA is more strongly related to

the severity of injury; and can be used as a biomarker of

SCI.

In the literature various possible causes have been pro-

posed leading to the decreased FA value after SCI. These

are axonal degeneration, demyelination, liquefaction of

axoplasm, hemorrhage, edema, infarction, and cystic forma-

tion following the primary injury40). We speculate that im-

provement in DTI parameters observed in the present study

may be multifactorial: spontaneous self-repair of myelin

sheath, sprouting axons, and spared spinal cord tissue form

a neural circuit41-43). This needs to be verified by robust lon-

gitudinal studies with more number of patients in human

model of SCI.

Conclusion

We conclude that DTI is a sensitive tool to detect neuro-

logical damage in SCI and subsequent neurological recov-

ery. DTI parameters FA, ADC, and AI are useful guide to

predict severity of neurological injury and recovery. FA cor-

related with ASIA impairment scale. It can be useful as an

adjunct to conventional MRI for better evaluation and pre-

dicting prognosis in SCI patients.
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