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Objective  To define the risk factors that influence the occurrence of venous thromboembolism (VTE) in patients 
with acute or subacute brain lesions and to determine the usefulness of D-dimer levels for VTE screening of these 
patients.
Methods  Medical data from January 2012 to December 2013 were retrospectively reviewed. Mean D-dimer levels 
in those with VTE versus those without VTE were compared. Factors associated with VTE were analyzed and the 
odds ratios (ORs) were calculated. The D-dimer cutoff value for patients with hemiplegia was defined using a 
receiver operating characteristic (ROC) curve. 
Results  Of 117 patients with acute or subacute brain lesions, 65 patients with elevated D-dimer levels (mean, 
5.1±5.8 mg/L; positive result >0.55 mg/L) were identified. Logistic regression analysis showed that the risk of 
VTE was 3.9 times higher in those with urinary tract infections (UTIs) (p=0.0255). The risk of VTE was 4.5 times 
higher in those who had recently undergone surgery (p=0.0151). Analysis of the ROC showed 3.95 mg/L to be 
the appropriate D-dimer cutoff value for screening for VTE (area under the curve [AUC], 0.63; 95% confidence 
interval [CI], 0.5–0.8) in patients with acute or subacute brain lesions. This differs greatly from the conventional 
D-dimer cutoff value of 0.55 mg/L. D-dimer levels less than 3.95 mg/L in the absence of surgery showed a negative 
predictive value of 95.8% (95% CI, 78.8–99.8).
Conclusion  Elevated D-dimer levels alone have some value in VTE diagnosis. However, the concomitant presence 
of UTI or a history of recent surgery significantly increased the risk of VTE in patients with acute or subacute brain 
lesions. Therefore, a different D-dimer cutoff value should be applied in these cases.
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INTRODUCTION

Deep vein thrombosis (DVT) and pulmonary embolism 
(PE), two manifestations of venous thromboembolism 
(VTE), are common complications in patients with dis-
abilities undergoing rehabilitation. The reported inci-
dence of VTE varies widely, depending on the study, 
but the average is 40%–60% for DVT and 10% for PE in 
stroke patients [1]. The incidence of DVT in patients with 
major traumatic brain injury (TBI) is 54% [2]. Although 
DVT and PE typically cause symptoms such as leg swell-
ing, tenderness, or redness, in some cases, they become 
quite severe without showing any discernable signs or 
symptoms. Therefore, it is crucial to be able to screen for 
these conditions physiologically. A D-dimer test is non-
invasive, relatively easy to perform, and provides fast 
results. Therefore, it provides a useful tool for screening 
for VTE. Regarding VTE diagnosis, D-dimer assays are 
known to show high sensitivity (93%–95%) but relatively 
low specificity (40%–60%) [3-5]. Plasma levels of D-dimer 
are increased in the presence of thrombotic diseases. 
Unfortunately, D-dimer levels are also increased in other 
conditions, such as senescence, recent surgery, stroke, 

trauma, infection, malignancy, acute coronary disease, 
heart failure, chronic renal disease, liver disease, elevated 
rheumatoid factors, and pregnancy [3,6,7].

Patients with brain lesions have elevated basal D-dimer 
levels. Matsumoto et al. [8] and Park et al. [9] proposed 
that when infarction volume increases, the level of plas-
ma D-dimer also increases. Prell et al. [10] revealed that 
D-dimer levels are elevated after craniotomy. Therefore, 
use of the conventional D-dimer cutoff value when eval-
uating these patients can be confounded by the presence 
of brain lesions. The purpose of this study was to define 
the appropriate D-dimer cutoff value for screening for 
VTE in patients with acute or subacute brain lesions. In 
addition, we aimed to determine clinical factors that can 
influence the risk of VTE development in the presence of 
elevated D-dimer levels.

MATERIALS AND METHODS

Subjects
A retrospective study was performed by reviewing med-

ical charts of 455 inpatients who had been admitted to 
the rehabilitation department at our institution between 

Fig. 1. Flow chart showing the 
steps used for identifying the stu
dy cohort.
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January 20, 2012 and December 30, 2013. Of those 455 pa-
tients, 117 underwent imaging studies, such as DVT com-
puted tomography (CT), pulmonary angio CT, or lower 
extremity duplex sonography, because of elevations in D-
dimer levels. Patients with recurrent brain lesions, those 
who were unable to walk independently, those who took 
anticoagulants or anti-platelet agents prior to admission, 
and those who had blood coagulation disorders were ex-
cluded from the study (Fig. 1).

Methods
The following parameters were recorded: gender, age, 

preexisting medical conditions, elapsed time from dis-
ease onset, neurologic and physical examination results, 
blood test and urinary analysis, and results of imaging 
studies. Among various factors known to affect VTE risk, 
gender, brain lesion, recent surgery, presence of infec-
tions such as urinary tract infections (UTIs) and pneu-
monia, Medical Research Council (MRC) scale, results 
of the Korean version of the Mini-Mental State Examina-
tion (MMSE-K), and results of the Korean version of the 
Modified Barthel Index (K-MBI) were evaluated [11-14]. 
To define each category, brain lesion was grouped by 
etiology (infarction, hemorrhage, or TBI). Recent sur-
gery was defined as surgeries or interventions through 
blood vessels which were performed within 100 days 
from the date of the D-dimer test [15,16]. UTI was identi-
fied in those patients positive for pyuria (>8 leukocytes 
per high-power field) or bacteriuria (positive nitrite or 
>1 organism per oil-immersion field) from urinalysis 
obtained within a week of the date of the D-dimer test. 
Pneumonia was confirmed by radiologists through chest 
radiography or chest computed tomography. The degree 
of motor weakness was assessed using the MRC scale at 
the time of transfer to our department. MRC score <3 was 
categorized as ‘severe weakness’, and MRC score ≥3 in all 
extremities was categorized as ‘mild weakness’. Cogni-
tive function was evaluated using the MMSE-K [11,12] 
and clinically grouped into 3 grades: ‘normal’ (score 
≥24), ‘suspicion of dementia’ (score 20–23), and ‘definite 
dementia’ (score <20). We defined MMSE-K score <24 as 
‘cognitive dysfunction’ and MMSE-K score ≥24 as ‘normal 
cognition’ [11,12]. Activity was evaluated using K-MBI, 
which was measured by occupational therapists. Brain 
lesion disability was classified as follows: K-MBI ≤24 is 
class 1, indicating the most severe disability. Those pa-

tients with K-MBI scores >24 were classified as ‘minimally 
to moderately dependent’ [13]. We divided enrolled 
patients into groups A and B. Group A included patients 
with VTE and group B was comprised of patients without 
VTE. The differences between groups A and B were ana-
lyzed. 

To measure D-dimer levels, a venous blood sample 
was placed into a test tube containing sodium citrate, 
and a centrifugation latex assay was done (Latex Test BL-
2P-FDP; Biolinks Co. Ltd., Tokyo, Japan). D-dimer con-
centration >0.55 mg/L was considered a positive result. 
For those who had undergone multiple D-dimer evalu-
ations, the last value obtained before imaging was used 
for analysis. For those with non-elevated D-dimer levels 
and those who did not receive a diagnosis of VTE during 
the study period, medical charts from 1–2 years after the 
study period were examined for the development of VTE.

Univariate and multivariate logistic regression analyses 
were performed to identify factors associated with VTE. 
Using a receiver operator characteristic (ROC) curve, an 
adjusted D-dimer cutoff value for patients with brain le-
sions was defined.

Statistical analysis
Descriptive statistics are presented as counts and per-

centages for categorical variables and mean±standard 
deviation (SD) for continuous variables. A comparison of 
categorical variables was performed using chi-square test 
and Fisher exact test. Univariate and multivariate logistic 
regressions were performed to identify independent pre-
dictors of VTE. The sensitivity, specificity, accuracy, posi-
tive predictive value (PPV), and negative predictive value 
(NPV) of D-dimer levels were calculated with respect to 
VTE. Diagnostic performance was compared using a chi-
square test and Fisher exact test. Values of p<0.05 were 
considered statistically significant. Statistical analyses 
were performed with SAS Enterprise Guide 5.1 for Win-
dows (SAS Institute, Cary, NC, USA).

RESULTS

A total of 65 patients met the inclusion criteria. Among 
them, 21 patients were diagnosed with VTE via imaging 
studies. The incidence of VTE in patients with brain le-
sions admitted to our rehabilitation unit was 4.7%. Aver-
age age, time from disease onset, and D-dimer levels are 
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shown in Table 1, and divided by demographic features. 
Among the 65 patients, atrial fibrillation was diagnosed 
in 2 patients, one of whom had non-valvular atrial fibril-
lation.

The mean D-dimer level in all patients was 5.1 (SD 5.8; 
range 0.7–35.2). Mean D-dimer levels for group A and 
group B were 6.8 (SD 7.7; range 1.4–35.2) and 4.2 (SD 4.5; 

range 0.7–27.7), respectively (p=0.088). Comparison of 
baseline characteristics and clinical features are shown in 
Tables 1 and 2. No one in the control group or with a low 
D-dimer level who was admitted during the study period 
had any medical record of VTE in the 2-year follow-up.

In univariate logistic regression analysis, a history of 
recent surgery or the presence of a UTI was significantly 

Table 1. Baseline characteristics of enrolled patients showing the association between baseline characteristics and 
incidence of VTE

Total (n=65) Group A (n=21) Group B (n=44) p-value
Age (yr) 65.7±14.2 65.8±15.2 65.7±13.9 0.872

Gender

   Male 36 (55.4) 9 (42.9) 27 (61.4) 0.160

   Female 29 (44.6) 12 (57.1) 17 (38.6)

Length of elapsed time (day) 27.0±36.3 34.0±56.9 23.7±20.6 0.225

Brain lesion

   Infarction 26 (40.0) 7 (33.3) 20 (45.5) 0.354

   ICH 26 (40.0) 8 (38.1) 19 (43.2) 0.697

   TBI 13 (20.0) 6 (28.6) 9 (20.5) 0.535

Recent surgery

   Present 31 (47.7) 15 (71.4) 16 (36.4) 0.008*

   Absent 34 (52.3) 6 (28.6) 28 (63.6)

Pneumonia

   Present 16 (24.6) 4 (19.0) 12 (27.3) 0.472

   Absent 49 (75.4) 17 (81.0) 32 (72.7)

UTI

   Present 30 (46.2) 14 (66.7) 16 (36.4) 0.022*

   Absent 35 (53.8) 7 (33.3) 28 (63.6)

MRC scale

   0–2 53 (81.5) 18 (85.7) 35 (79.5) 0.737

   3–5 12 (18.5) 3 (14.3) 9 (20.5)

MMSE-K 7.9±9.7 6.1±7.9 8.8±10.4 0.434

   <24 57 (87.7) 20 (95.2) 37 (84.1) 0.259

   ≥24 8 (12.3) 1 (4.8) 7 (15.9)

K-MBI 11.1±23.7 7.0±20.4 13.1±25.2 0.287

   ≤24 54 (83.1) 19 (90.5) 35 (79.5) 0.480

   >24 11 (16.9) 2 (9.5) 9 (20.5)

D-dimer level (mg/L) 5.1±5.8 6.8±7.7 4.2±4.5 0.088

Values are presented as mean±standard deviation or number (%). 
VTE, venous thromboembolism; ICH, intra-cranial hemorrhage; TBI, traumatic brain injury; UTI, urinary tract infec-
tion; MRC, Medical Research Council; MMSE-K, Korean version of the Mini-Mental State Examination; K-MBI, Ko-
rean version of the Modified Barthel Index.
The p-values were calculated using the chi-square test and Fisher exact test. Group A consisted of patients with VTE 
and group B consisted of patients without VTE.
*p<0.05.
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associated with VTE (p<0.05). In multivariate logistic 
regression, odds ratios of patients who had recently un-
dergone surgery and patients with UTIs were 4.5 (95% 
confidence interval [CI], 1.3–15.0; p=0.0151) and 3.9 (95% 
CI, 1.2–13.1; p=0.026), respectively (Table 3).

The ROC curve revealed that the adjusted D-dimer cut-
off value for patients with brain lesions was 3.95 mg/L. An 

area under the curve (AUC) of >0.9 was considered ‘ex-
cellent’, 0.8–0.9 ‘very good’, 0.7–0.8 ‘good’, 0.6–0.7 ‘average’, 
and <0.6 ‘poor’ [17]. When we applied the adjusted D-
dimer cutoff value of 3.95 mg/L, AUC was 0.63 (average), 
sensitivity was 61.9%, and specificity was 70.5% (Fig. 2). 
When we applied the conventional D-dimer cutoff value 
of 0.55 mg/L, specificity was not measurable. For UTI pa-
tients, D-dimer levels of >3.52 mg/L had increased PPV 
and AUC. For patients who had not recently undergone 
surgery, D-dimer levels of ≤3.95 mg/L showed increased 
sensitivity, specificity, and NPV up to 95.8% (Table 4).

DISCUSSION

The results of this study showed that applying the con-
ventional D-dimer cutoff value (>0.55 mg/L) in patients 
with brain lesions has poor value in VTE diagnosis. Our 
results reveal that a more useful cutoff value is 3.95 mg/L 
in patients with acute or subacute brain lesions. Patients 
with brain lesions and concomitant UTIs or recent surgi-
cal history had an increased risk of VTE (3.9- and 4.5-fold 
higher, respectively). Therefore, in the presence of UTI, 
the cutoff value should be more strict (>3.52 mg/L). In 
patients who had not recently undergone surgery, a D-
dimer level ≤3.95 mg/L had a NPV for VTE of 95.8%. 

Chua et al. [18] found that the incidence of DVT in pa-
tients in a Singapore neuro-rehabilitation unit was 5.01%. 
In contrast, Sachdev et al. [19], Yablon et al. [20], and Cifu 
et al. [21] reported incidences of DVT among inpatients 
in rehabilitation clinics of 34%, 11.1%, and 11%, respec-
tively. According to our study, VTE incidence (including 
DVT) for patients with brain lesions who underwent re-
habilitation treatment for 1 month was about 4.7%, which 
was similar to that Chua et al.’s findings [18]. These dis-
crepancies may be attributable to differences in ethnicity, 
age, severity of stroke, severity of motor weakness, and 
use of DVT prophylaxis.

Many studies have identified conditions that increase 
D-dimer levels. We found that UTI increased the risk of 
VTE 3.9-fold (p=0.030). Many studies have already shown 
a relationship between VTE and infection. Smeeth et al. 
[22] reported that UTI increased DVT and PE incidence 
up to 2.10- and 2.11-fold, respectively. Our results are 
in accordance with previous studies that found that UTI 
may increase the incidence of VTE through increased hy-
percoagulation [22,23]. Pneumonia is known to increase 

Table 2. Association between baseline characteristics 
and D-dimer levels

D-dimer
Group A (n=21) Group B (n=44)

Mean (SD) p-value Mean (SD) p-value
Gender

   Male 4.8 (3.2) 0.500 4.4 (5.5) 0.268

   Female 8.3 (9.6) 4.0 (2.0)

Brain lesion

   Infarction 4.5 (1.9) 0.737 4.4 (5.7) 0.741

   ICH 10.3 (11.6) 0.538 4.0 (3.0) 0.972

   TBI 4.9 (3.4) 0.785 3.6 (3.5) 0.399

Recent surgery

   Present 7.1 (8.5) 0.907 3.8 (4.9) 0.140

   Absent 6.1 (5.7) 4.9 (3.6)

Pneumonia

   Present 4.0 (1.8) 0.622 4.5 (4.9) 0.257

   Absent 7.5 (8.4) 3.5 (3.2)

UTI

   Present 7.3 (8.9) 0.852 4.5 (5.1) 0.464

   Absent 5.9 (4.6) 3.8 (3.1)

MRC scale

   0–2 6.9 (8.1) 0.960 4.5 (4.9) 0.532

   3–5 6.3 (5.2) 3.1 (2.0)

MMSE-K

   <24 7.0 (7.8) 0.804 3.8 (2.8) 0.653

   ≥24 4.0 (–) 6.5 (9.4)

K-MBI

   ≤24 6.7 (7.9) 0.510 4.6 (4.9) 0.600

   >24 8.0 (5.8) 2.8 (1.4)

SD, standard deviation; ICH, intra-cranial hemorrhage; 
TBI, traumatic brain injury; UTI, urinary tract infection; 
MRC, Medical Research Council; MMSE-K, Korean ver-
sion of the Mini-Mental State Examination; K-MBI, Ko-
rean version of the Modified Barthel Index; VTE, venous 
thromboembolism.
Statistics were carried out using the Wilcoxon signed-
rank test. Group A consisted of patients with VTE and 
group B consisted of patients without VTE.
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the incidence of VTE [22]. However, in our study, pneu-
monia had no significant relationship with the occur-
rence of VTE. This may be because there were fewer cases 
of pneumonia than UTI in this study, whereas previous 
reports recorded similar incidences of UTI and pneu-
monia. Because of the limited number of pneumonia 
patients in this study, further studies need to be done to 
elucidate what, if any, D-dimer cutoff level would be use-
ful in diagnosing VTE in patients with pneumonia. In ad-
dition, the absence of recent surgery showed significant 
NPV in VTE diagnosis. This is in accordance with previ-
ous studies that found that surgical procedures increase 
the risk of VTE. Orthopedic surgery and vascular surgery 

increase VTE incidence, as reported in many previous 
studies [6,7,15]. Fujita el al. [24] stated that total or partial 
knee arthroplasty increased the incidence of VTE, where-
as Kimmell and Jahromi [25] reported that craniotomy 
had a similar effect. The mechanism by which surgeries 
lead to VTE is unknown, but Kim et al. [26] postulated 
that an increase in the duration of an operation increases 
the risk of VTE. Putting those studies together, we posit 
that operation under general anesthesia in a stationary 
position might increase the risk of VTE in patients with 
brain lesions. Further studies are warranted in order to 
define the connection between long operations and VTE.

Legnani et al. [27] and Pulivarthi and Gurram [28] re-

Table 3. Univariate and multivariate logistic regression analyses to identify factors associated with VTE

Univariate Multivariate
OR (95% CI) p-value OR (95% CI) p-value

Gender

   Male 1

   Female 2.1 (0.7–6.1) 0.164

Brain lesion

   Infarction 0.6 (0.2–1.8) 0.356

   ICH 0.6 (0.2–1.8) 0.356

   TBI 0.8 (0.3–2.4) 0.697

Recent surgery

   Present 4.4 (1.4–13.5) 0.010* 4.5 (1.3–15.0) 0.015*

   Absent 1

UTI

   Present 3.5 (1.2–10.5) 0.025* 3.9 (1.2–13.1) 0.026*

   Absent 1

Pneumonia

   Present 0.6 (0.2–2.3) 0.474

   Absent 1

MRC scale

   Severe weakness 1.5 (0.4–6.4) 0.551

   Mild weakness 1

Cognitive function

   Cognitive dysfunction 3.8 (0.4–33.0) 0.228

   Normal cognition 1

K-MBI

   Total dependent 2.4 (0.5–12.5) 0.283

   Mild to moderate dependent 1

VTE, venous thromboembolism; OR, odds ratio; CI, confidence interval; ICH, intra-cranial hemorrhage; TBI, trau-
matic brain injury; UTI, urinary tract infection; MRC, Medical Research Council; K-MBI, Korean version of the Modi-
fied Barthel Index.
*p<0.05.
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ported that certain populations, such as the elderly and 
patients with cancer, might have elevated D-dimer levels. 
Therefore, they recommended that a different D-dimer 
cutoff value should be applied in the elderly or patients 
with cancer. Many studies reported that D-dimer levels 
are elevated in cases of brain lesions, such as ischemic 
stroke, hemorrhage, and TBI [9,29]. Thus, in screening 
for VTE, the diagnostic value of an increase in D-dimer 
levels can be confounded by the presence of brain le-
sions. Indeed, the ROC curve of the 65 patients with brain 
lesions in our study showed that 3.95 mg/L was the ideal 
adjusted D-dimer cutoff value; however, the AUC had 
only an average discriminative value. In the presence of 
UTI, when a D-dimer cutoff value of >3.52 mg/L was ap-
plied, the PPV was higher than when it was set at >3.95 
mg/L. Thus, we postulate that a different D-dimer cutoff 

value should be used for patients with UTI. Moreover, for 
patients who had not recently undergone surgery, D-di-
mer levels ≤3.95 mg/L were associated with a much lower 
incidence of VTE. Therefore, our study shows that in pa-
tients with brain lesions and elevated D-dimer levels, the 
presence of UTI or recent surgical history are important 
clinical factors to consider in the diagnosis of VTE.

Raising the level of D-dimer cutoff values for all pa-
tients may mistakenly exclude those with VTE but with 
low or normal D-dimer levels. However, we examined 
the medical charts of our subjects for 1–2 years after our 
study, and no one in the control group was readmitted to 
our hospital because of previously undiagnosed VTE. The 
cutoff value proposed here may vary depending on the 
method of D-dimer assessment [28]. Although the latex 
assay method could have theoretically missed those with 
false negative results, as shown in Table 3, the probabil-
ity of a person who had not undergone a recent surgical 
procedure with a D-dimer level less than 3.95 mg/L being 
diagnosed with VTE was very low, with a NPV of 95.8%. 
The findings of this study are significant as they imply 
that a different D-dimer cutoff value should be used in 
screening for VTE in patients admitted in a rehabilitation 
setting. Whether the particular cutoff value defined in 
this study could be used as a guideline in other clinical 
settings with different D-dimer assessment methods is a 
topic that warrants further study, but the results of this 
study emphasize that along with elevated D-dimer levels, 
UTI and surgical procedures are important clinical fac-
tors that may affect the diagnosis of VTE in patients in a 
rehabilitation setting.

There were some limitations to this study. First, the 
study population mainly consisted of stroke and TBI 

Table 4. Diagnostic performance of VTE screening in patients with brain lesions 

Total  (n=65) UTI (n=30) Absence of surgery (n=34)
D-dimer level (mg/L) >3.95 >3.52 ≤3.95

AUC 0.63 (0.5–0.8) 0.67 (0.5–0.9) 0.76 (0.5–1.0)

Sensitivity 61.9 (38.4–81.9) 64.3 (35.1–87.2) 83.3 (35.9–99.6)

Specificity 70.5 (54.8–83.2) 75.0 (47.6–92.7) 82.1 (63.1–96.9)

PPV 50.0 (29.9–70.1) 69.2 (38.6–90.9) 50.0 (18.7–81.3)

NPV 79.5 (63.5–90.7) 70.6 (44.0–89.7) 95.8 (78.9–99.9)

Accuracy 67.7 (55.0–78.8) 70.0 (50.6–85.3) 82.4 (65.5–93.2)

Values are presented as 95% confidence interval.
VTE, venous thromboembolism; UTI, urinary tract infection; AUC, area under the curve; PPV, positive predictive 
value; NPV, negative predictive value.

Fig. 2. Receiver operating characteristic (ROC) curve 
showing sensitivity and specificity of a D-dimer cutoff 
value of 3.95. AUC, area under the curve; CI, confidence 
interval.
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patients with severe neurologic deficits who were admit-
ted to our rehabilitation department at the acute stage 
of treatment. The results may not be applicable to brain 
lesion patients with increased mobility and gait func-
tion or to chronic brain lesion patients. Second, clini-
cal signs such as swelling or Homan sign could not be 
routinely evaluated and these factors were not analyzed 
in our study. However, patients with brain lesions may 
show only subtle or no symptoms, and physical exami-
nation may not always be reliable enough to confirm or 
exclude VTE [30]. Third, patients with normal D-dimer 
levels were not included in this study, which might affect 
the cutoff value. Fourth, this was a retrospective study 
performed mainly by reviewing medical charts, so the re-
sults should be confirmed in large-cohort studies. Fifth, 
we considered asymptomatic and symptomatic UTI as 
one homogeneous group and could not confirm whether 
the results differed between those with symptomatic 
versus asymptomatic UTI. Sixth, the reference standard 
suggested in our study might vary when using different 
D-dimer level assays. Seventh, we did not consider the 
possibility of false negative results when using the latex 
assay or whether adjusting the cutoff value could lead to 
an increased incidence of false negative results. Finally, 
certain brain lesions are known to affect the incidence of 
VTE. In our study, the type of brain lesion did not seem 
to affect the risk of VTE development, but due to the lim-
ited number of patients further prospective studies with 
larger cohorts need to be carried out to conclude whether 
certain types of brain lesions preferentially affect VTE de-
velopment.

In conclusion, this study suggested that a D-dimer cutoff 
value for stroke and TBI patients should be set at 3.95 mg/
L, or >3.52 mg/L for patients with UTI, in screening for 
VTE. In addition, patients with D-dimer levels ≤3.95 mg/L 
who have not recently undergone surgery are at very low 
risk for VTE. Overall, our results showed that a higher D-
dimer cutoff value than is conventionally applied should 
be considered for VTE diagnosis in patients with acute or 
subacute brain lesions in a rehabilitation setting.
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