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Effectiveness of intense, activity-based
physical therapy for individuals with spinal
cord injury in promoting motor and sensory
recovery: Is olfactory mucosa autograft
a factor?
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Background/objectives: Rehabilitation for individuals with spinal cord injury (SCI) is expanding to include
intense, activity-based, out-patient physical therapy (PT). The study’s primary purposes were to (i) examine
the effectiveness of intense PT in promoting motor and sensory recovery in individuals with SCI and (ii)
compare recovery for individuals who had an olfactory mucosa autograft (OMA) with individuals who did not
have the OMA while both groups participated in the intense PT program.
Methods: Prospective, non-randomized, non-blinded, intervention study. Using the American Spinal Injury
Association examination, motor and sensory scores for 23 (7 OMA, 6 matched control and 10 other)
participants were recorded.
Results: Mean therapy dosage was 137.3 total hours. The participants’ total, upper and lower extremity motor
scores improved significantly while sensory scores did not improve during the first 60 days and from initial to
discharge examination. Incomplete SCI or paraplegia was associated with greater motor recovery. Five of 14
participants converted from motor-complete to motor-incomplete SCI. Individuals who had the OMA and
participated in intense PT did not have greater sensory or greater magnitude or rate of motor recovery as
compared with participants who had intense PT alone.
Conclusion: This study provides encouraging evidence as to the effectiveness of intense PT for individuals with
SCI. Future research is needed to identify the optimal therapy dosage and specific therapeutic activities
required to generate clinically meaningful recovery for individuals with SCI including those who elect to
undergo a neural recovery/regenerative surgical procedure and those that elect intense therapy alone.

Keywords: Spinal cord injuries, Complete, Incomplete, Activity-based therapy, Olfactory mucosal autograft, Paraplegia, Tetraplegia, Physical therapy,
Functional recovery, Motor, Sensory, Rehabilitation, Physical

Introduction
Two primary impairments after sustaining a spinal cord
injury (SCI) are complete or partial loss of sensory and/
or motor function below the level of injury.
Rehabilitation programs have focused on strengthening
the innervated muscles above the level of SCI and use
of compensatory strategies to accomplish functional
activities. Currently, the approach to rehabilitation is

expanding to include implementation of intense,
activity-based, outpatient physical therapy (PT) pro-
grams targeting recovery of function below the level of
the SCI.1,2

This rehabilitation paradigm shift is supported by an
accumulating body of evidence in both animal and
human studies demonstrating that intense exercise
enhances recovery after SCI. In rodent and feline
models, exercise and locomotor training led to partial
recovery of locomotion and spinal cord neurological
recovery.3–6 Human studies have focused on the effects

Correspondence to: Cathy A. Larson PT, PhD, University of Michigan-Flint,
Physical Therapy Program, 303 E. Kearsley Street, 2157 WSW, Flint, MI
48502, USA. Email: clarson@umflint.edu

© The Academy of Spinal Cord Injury Professionals, Inc. 2013
DOI 10.1179/2045772312Y.0000000026 The Journal of Spinal Cord Medicine 2013 VOL. 36 NO. 144

mailto:clarson@umflint.edu
mailto:clarson@umflint.edu


of body weight-supported treadmill training
(BWSTT)7–9 and functional electric stimulation
cycling.10–12 Considerable evidence demonstrates that
individuals with incomplete SCI have the potential to
transition from BWSTT and regain over-ground ambu-
lation;7,8,13,14 however, even when the SCI is complete,
the neural networks below the level of the lesion gener-
ate locomotor activity.7,9

The goal of activity-based therapy is to promote neu-
romuscular plasticity through interventions that provide
activation of the neuromuscular system below the level
of the spinal lesion and perform repetitive practice of
the desired motor tasks.2 Activity-based, restorative
therapy interventions use patterned motor activity (e.g.
locomotor training and functional electrical stimulation
cycling), task specific training, sensory stimulation and
specific muscle activation (e.g. muscle recruitment and
strengthening).12 It is our opinion that activity-based
therapy programs should be task-specific2,8,15,16 and
intense (high numbers of repetitions for relatively long
durations)17–23 with therapy sessions occurring 3–5
times per week.17,23 Many have advocated for multi-
faceted approaches to therapy for individuals with
SCI.5,24–26 Individuals with SCI who participated in a
multi-modal, intense exercise program improved their
American Spinal Injury Association (ASIA) total
motor scores (TMS) and lower extremity motor scores
(LEMS).27 TMS gains correlated with total hours per
week spent in intense exercise. There is likely a dose-
response relationship between the amount of intense,
activity-based PT and functional recovery in individuals
with SCI.28

Other interventions including pharmaceutics, stem
cell-based and cellular/molecular therapies are expected
to have synergistic benefits with activity-based therapies
that optimize spinal cord regeneration and/or recov-
ery.17,22 Excellent reviews are available concerning
stem cell-based interventions for individuals with
SCI.29–31 Olfactory ensheathing cells are specialized
glial cells that possess neuroregenerative properties.
Transplanting olfactory ensheathing cells into the site
of the SCI may allow regenerating axons to penetrate
through the glial scar and establish functional connec-
tions.32–35 Other possible transplantation benefits
include promotion of re-myelination, vascularization,
collateral sprouting, introduction of growth factor,
reduction of scar tissue, and decreased secondary
damage.29,36–43 Several authors have addressed
the numerous issues that must be considered prior to
clinical application of olfactory tissue transplan-
tation;32,39,41,42,44–46 however, a few neurosurgical
teams have elected to proceed with transplantation in

humans with SCI. A Portuguese team performed
partial scar and cyst removal and transplantation of
minced olfactory mucosa (olfactory mucosa autograft,
OMA) without and with culture.47–49 An Australian
team used cultured olfactory ensheathing cells50,51 and
a Chinese team used allografts of cultured cells from
fetal olfactory bulbs.52,53

This independent research group had access to indi-
viduals with SCI that had elected to undergo the
OMA procedure in Portugal and return to the United
States to participate in an intense, activity-based, outpa-
tient PT program. While participating in the intense
program, patients were assessed using 21 outcome
measures; ASIA sensory and motor outcomes are
reported here.
The primary purpose of this study was to examine the

effectiveness of an intense PT intervention program in
promoting motor and sensory recovery in individuals
with spinal cord injury. The second purpose was to
compare motor and sensory recovery for individuals
with SCI who had the OMA surgical procedure and par-
ticipated in the intense PT program with individuals
with SCI who did not have the OMA procedure and par-
ticipated in the intense PT program. The first hypothesis
was that intense, activity-based PT intervention will
improve ASIA motor and sensory scores in individuals
with chronic SCI. The second hypothesis was that indi-
viduals who had the OMA procedure and participated
in the intense, activity-based PT intervention will
improve motor and sensory scores at a greater magni-
tude and rate when compared to individuals who par-
ticipated in the intense, activity-based PT intervention
and did not have the OMA procedure.

Methods
Participants
Twenty-three subjects were recruited for this prospec-
tive, non-randomized, non-blinded, intervention study.
Seven individuals had elected to undergo the OMA
surgery (mean time since OMA= 3.7± 3.9 months)
and six were matched control (MC) subjects; the
OMA and MC groups were matched based on level of
SCI, AIS classification, gender, approximate time
since injury and age (Table 1). Ten ‘other’ subjects
with a wider variety of SCI levels and ASIA
Impairment Scale (AIS) scores that were participating
in the intense PT program were also included in this
study (Table 1). Exclusion criteria included: respiratory
dependency, medically unstable, restrictive musculoske-
letal impairments, or moderate to severe osteoporosis.
There were no significant differences between the three
groups for age or time since injury.
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Procedures/interventions
All study participants read and signed the Wayne State
University Human Investigation Committee and
Oakland University Internal Review Board approved
consents/assents and Health Insurance Portability and
Privacy Act forms. The participants’ medical records
and self-reports were used to obtain all demographic
information. All subjects participated in an intense, out-
patient PT program which utilized a multi-faceted,
activity-based approach primarily aimed at recovery
below the level of injury. Each subject’s therapy
program was individualized and updated according to
the primary physical therapist’s monthly examination
and evaluation results and defined/revised short- and
long-term goals. The intense PT program was comprised
of therapeutic activities and exercises as determined by
the primary physical therapist to address the patient’s
goals which included 1 hour of (i) pre-gait (i.e. weight-
bearing in multiple positions, posture and balance train-
ing, crawling, and standing pre-gait activities) and/or
gait training (i.e. BWSTT and over-ground gait training),
(ii) intense therapeutic exercise (i.e. repetitive neuromus-
cular facilitation, mat mobility, strengthening and endur-
ance exercises, whole body vibration, biofeedback, virtual
gaming, and/or musculoskeletal interventions), and (iii)
functional electric stimulation cycling or static/dynamic
standing frame (glider) activities.

Outcome measures
The ASIA motor and sensory examinations were per-
formed by SCI-experienced physical therapists at initial
and discharge examination and every 30 (motor) or 60
(sensory) days while subjects were participating in the
program. Using the ASIA International Standards for
Neurological Classification of SCI (ISNCSCI),54 motor

function of the 10 key muscle groups were recorded
using a six-point ordinal scale for both sides of the
body resulting in an ASIA TMS (maximum score=
100). Sensation was recorded for the 28 key sensory
points using a three-point ordinal scale for both sides of
the body (maximum possible scores= 112) for light
touch (LT) and pin prick (PP). The ASIA motor and
sensory examinations were performed by two physical
therapists at initial examination (IE), every 30 (motor)
or 60 (sensory) days, and upon discharge. An assistant
immediately recorded the scores to minimize data entry
error. Both examiners thoroughly read the ASIA
ISNCSCI manual54 and were trained to perform the
motor and sensory examination procedures by one of
the authors (C.A.L.) in two 1.5 hour sessions. In order
to establish uniform testing procedures, both examiners
performed motor and sensory examinations on four vol-
unteers (two with complete and two with incomplete
SCI); then discussed the examination procedures and
scoring agreements/disagreements with each other, the
primary author and two ASIA ISNCSCI-trained exami-
ners (P.V. and E. N.). The ASIA ISNCSCI has been
reported to be a reliable, responsive, and valid tool to
evaluate adults with SCI over time.55–58 Inter-rater
reliability values for TMS, LT, and PP have been reported
to be 0.98, 0.96, and 0.96, respectively, and the corre-
sponding values for intra-rater reliability were 0.99,
0.98, and 0.99, respectively.59 Particularly after training,
high inter-rater reliability values (inter-class correlation
coefficients (ICC) – TMS (0.98), LT (0.96), and PP
(0.89)) were reported.60

Statistical methods
In order to standardize the interpretation of the ASIA
motor and sensory data or the classification procedures,

Table 1 Demographic and SCI characteristics for the 23 participants including the OMA, MC and Other participants in the intense
PT program. Mean± standard deviation and range are presented for age and time since injury

Total (n= 23) OMA (n= 7) Matched control (n= 6) Other (n = 10)

Gender
Female 3 0 0 3
Male 20 7 6 7

Age (years) 30.1± 9.8 (15.9–48.1) 30.3+ 9.1 (19.5–43.3) 28.4± 10.5 (15.9–45.3) 30.9± 10.8 (17.6–48.1)
no significant difference between groups F(2,22)= 0.12; P= 0.89

Time since injury (years) 5.1± 6.4 (0.3–27.8) 2.9± 1.9 (1.0–5.6) 5.0± 6.2 (0.5–13.2) 6.8± 8.4 (0.3–27.8)
no significant difference between groups F(2,22)= 0.73; P= 0.5

ASIA single neurologic level C4 – T11 cauda equina C4 – T4 C4 – T5 C6 – T11 cauda equina
AIS grade 14 AIS A 5 AIS A 4 AIS A 5 AIS A

2 AIS B 1 AIS B 1 AIS B 3 AIS C
5 AIS C 1 AIS C 1 AIS C 1 AIS D
1 AIS D 1 cauda equina
1 cauda equina

Tetraplegia 13 tetraplegia 6 tetraplegia 5 tetraplegia 2 tetraplegia
Paraplegia 10 paraplegia 1 paraplegia 1 paraplegia 8 paraplegia
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recently available software61 based on the ISNCSCI54

was used to determine the ASIA sensory and motor
scores, single neurological levels, AIS classification,
and zone of partial preservation (ZPP). Friedman and
Wilcoxin signed ranks tests were performed comparing
scores obtained from IE to test three (ASIA motor
scores) and IE to test two (ASIA sensory scores) (first
60 days in therapy) as well as from IE to discharge
(DC) examination (regardless of therapy duration).
Total LT and PP scores were partitioned into UE,
trunk and LE sub-scores (maximum possible scores=
32, 44, and 36 points, respectively). Sample sizes were
necessarily reduced if the IE motor or sensory sub-
scores equaled the maximum possible score.
Since the subjects’ motor and sensory scores were sig-

nificantly different at baseline (IE) (P≤ 0.005, motor
and sensory), an analysis of covariance (ANCOVA)
was used in which the baseline score for the dependent
variable was used as a covariate. Pair-wise group differ-
ences (OMA, MC, and Other) were examined control-
ling for multiplicity using the Sidek method.
In order to determine participants’ characteristics

associated with motor recovery, a restricted maximum
likelihood for parameter estimation and mixed-effects
modeling approach was used.62 The mixed-effects model-
ing method can manage missing data, variable change
across participants and explicitly examine heterogeneity
at baseline and over time. The model was built sequen-
tially assuming a linear motor score change trajectory
(the individual y-intercept represented the baseline
motor score and the slope represented the within
subject rate of change). First, a level one model (uncondi-
tional model, random intercept) was used to examine the
variability of the IE TMS. Unconditional models allow
partitioning of the TMS variance into its within- and
between-individual components. Intraclass correlation
coefficients were computed by dividing the random
effects of between- and within-subject variation by the

total variation. Next, an unconditional model (random
intercept/random coefficient) was used to examine the
variance of the IE TMS and change in TMS over time.
In the third step, a level two conditional (random inter-
cept/random slope) model was used to introduce covari-
ates or predictor variables hypothesized to affect the
individual growth parameters. In other words, covariates
were used to explain the mean motor scores at baseline
and linear change rate across individuals over time.

Results
Therapy dosage
Intense, outpatient, PT dosage was targeted to be three-
hour sessions, 3–5 times per week for a minimum dur-
ation of three months. For the 23 participants, actual
mean therapy hours per week were 7.1, mean duration
in the intense PT program was 4.6 months, mean total
hours in the program was 137.3 and mean attendance
rate was 89.2% (Table 2). Reasons for cancellations
and/or therapy termination included transportation,
medical, personal, and/or financial/insurance issues.
Therapy dosage and attendance and cancellation rates
partitioned for the three groups (OMA, MC, and
Other) are presented in Table 2. There were no signifi-
cant differences between the three groups for mean
therapy duration, total therapy hours, attendance, or
cancellation rates. There were significant differences
between the three groups for mean hours per week
spent in intense PT; pair-wise comparisons (PWC)
revealed a significant difference between the OMA
and Other groups and no differences between the
OMA and MC or MC and Other groups. It should be
noted that a pattern of participation in the intense
therapy program was observed with seven subjects (1
OMA, 2 MC, and 4 Other) clearly participating in the
program for longer durations (>4 months) and less
hours per week (<7.6 hours per week) (LDLH) and
eight subjects (5 OMA, 2 MC, and 1 Other) clearly

Table 2 Mean± SD (range) therapy dosage (hours per week, duration and total hours in the intense, activity-based PT program),
attendance and cancellation rates for the 23 participants and the OMA, MC and Other participants

Total (n = 23) OMA (n = 7) Matched control (n = 6) Other (n= 10)

Hours per week 7.1± 1.7 (5.1–11.3) 8.5± 2.1 (5.3–11.3) 6.6± 1.3 (4.5–8.4) 6.4± 1.2 (4.1–8.5)
significant difference between groups= F(2,20)= 4.0; P= 0.03

PWC – OMA and Other (P= 0.04)
no significant difference – OMA and MC or MC and Other

Therapy duration (months) 4.6± 2.8 (2.5–11.6) 2.9± 1.2 (2.5–4.5) 5.5± 3.5 (2.5–11.6) 5.4± 2.6 (2.5–9.3)
no significant difference between groups= F(2,20)= 3.0; P= 0.07

Total hours in therapy 137.3± 83.9 (52.0–337.8) 95.5± 46.3 (53.0–175.0) 155.8± 93.6 (69.0–337.8) 155.6± 94.7 (52.0–332.8)
no significant difference between groups= F(2,20)= 1.3; P= 0.3

Attendance rate (%) 89.2± 6.4 (74.2–96.6) 90.5± 5.7 (80.0–96.3) 88.8± 8.3 (74.2–96.6) 88.5± 6.1 (75.7–95.0)
no significant difference between groups= F(2,20)= 0.2; P= 0.8

Cancellation rate (%) 10.8± 6.3 (3.4–25.8) 9.5± 5.7 (3.7–20.0) 11.2± 8.3 (3.4–25.8) 11.4± 6.0 (5.0–24.3)
no significant difference between groups= F(2,20)= 0.2; P= 0.8
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participating in the program for relatively shorter dur-
ations (≤4 months) and greater hours per week (≥7.6
hours per week) (SDMH). Subjects in the LDLH
group lived in the local area (in-state) while those in
the SDMH group were from out-of-state and tempor-
arily lived on the medical campus. Eight subjects
(Mixed) could not be categorized in either group since
they participated in therapy either for longer durations,
more hours per week or shorter durations, less hours per
week. Owing to this emerging therapy dosage pattern,
this new characteristic (LDLH, SDMH, and Mixed)
was examined as related to the stated hypotheses.
However, it should be emphasized that total hours par-
ticipating in the intense therapy program was deter-
mined to be the primary therapy dosage variable of
interest. For the 23 participants, total hours of therapy
were 137.3± 83.9 (range 52.0–337.8) with no significant
difference between the three groups (OMA, MC, and
Other) (F(2,20)= 1.3; P= 0.3).

Motor recovery
Individual subject’s ASIA TMS over the course of
therapy for all subjects (n= 23) are presented in
Fig. 1. The entire group of subjects improved signifi-
cantly in their TMS from IE to test three (first 60
days) (χ2= 14.8; P= 0.001) and from IE to DC examin-
ation (regardless of therapy duration) (Z=−3.8; P≤
0.005). Subjects significantly improved in their upper
extremity motor score (UEMS) from IE to test three
(χ2= 13.4; P= 0.001) and from IE to DC examination
(Z=−3.1; P= 0.002) (n= 12). The entire group signifi-
cantly improved in their LEMS from IE to test three
(χ2= 8.1; P= 0.02) and from IE to DC examination
(Z=−3.0; P= 0.003). In order to examine the magni-
tude of motor recovery, mean change in TMS, UEMS,
and LEMS from IE to test three and IE to DC

examinaton for all 23 subjects and the OMA, MC,
and Other subjects was determined (Table 3). From IE
to DC exam, TMS improved, on an average, 5.5
points with a mean UEMS change of 5.9 points and a
mean LEMS change of 3.2 points.

ASIA TMS over the course of therapy for each indi-
vidual participant in the OMA, MC, and Other
groups are presented in Fig. 1. There were no significant
differences between the OMA,MC, and Other groups in
magnitude of TMS, UEMS, or LEMS change from IE
to test three or from IE to DC examination (Table 3).
One exception was change in TMS from IE to test
three; however, PWC did not confirm the group
differences.

Figure 1 ASIA TMSs (points) for all 23 subjects (OMA (n= 7),
MC (n = 6) and Other (n= 10) sub-groups) (maximum score=
100). Each line represents an individual subject’s TMS over the
course of their participation in the intense, activity-based PT
program. Tests were conducted at approximately 30 day
intervals.

Table 3 Mean± SD change in ASIA motor scores (points) from IE to test three and IE to discharge (DC) examination for all (n= 23)
participants and the OMA, MC and Other participants in the intense PT program. PWC between the three groups were examined
controlling for multiplicity using the Sidek method

Total OMA Matched control Other group Comparisons (ANCOVA)

Change in TMSs
n= 23 n= 7 n= 6 n= 10

IE to test 3 3.6± 4.0 5.3± 4.2 2.5± 2.6 3.1± 4.5 F(2,19)= 3.7; P= 0.05
no significant difference PWC

IE to DC 5.5± 5.5 5.4± 4.8 4.3± 1.8 6.2± 7.5 F(2,19)= 1.5; P= 0.24
Change in UEMS (excluded subjects with initial score= 50)

n= 12 n= 5 n= 5 n= 2
IE to test 3 5.2± 5.7 6.0± 3.2 4.6± 8.6 4.5± 3.5 F(2,8)= 0.1; P= 0.89
IE to DC 5.9± 5.3 5.8± 3.9 6.2± 7.8 5.5± 2.1 F(2,8)= 0.03; P= 0.97
Change in LEMS

n= 23 n= 7 n= 6 n= 10
IE to test 3 1.7± 2.6 1.0± 1.4 1.4± 1.7 2.4± 3.4 F(2,18)= 2.8; P= 0.09
IE to DC 3.2± 4.8 1.3± 1.4 2.2± 2.3 5.3± 6.5 F(2,18)= 2.4; P= 0.12
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Visual inspection of the TMS data presented in Fig. 1
revealed considerable between-subject variability at the
IE and in motor score changes over time. Further
exploration of the IE motor scores using the mixed-
effects modeling approach revealed that, as a group
(n= 23), the mean IE TMS (y-intercept) was 47.4
points and significant between-subject variability (Z-
ratio= 11.8; P≤ 0.0005) was present (level one-uncon-
ditional model without covariates) (Table 4). Since IE
motor score contained significant variability, it was
used for prediction in subsequent unconditional/con-
ditional models. The ICC estimates revealed that
96.3% of the IE TMS variation was between-partici-
pants and 3.7% was within-participants. Results of the
second unconditional model (level one – random inter-
cept/random coefficient) (Table 4) revealed that sub-
jects’ TMS significantly changed over the duration
(months) in the intense PT program (Z-ratio= 5.06;
P≤ 0.0005) with an average growth rate of 1.28 points
per month. Since change in TMS contained significant
variability, it was used for prediction in subsequent con-
ditional models. ICC estimates revealed that 99% of the
variation was between-subjects and 1.0% was within-
subjects.
Covariates/predictors were introduced into the level

two conditional analyses (random intercept/random
slope model with covariates) to attempt to explain
between-subject variation in IE TMS (y-intercept) and
change in TMS over time (slope) (Table 5). Having an
incomplete (AIS B, C, or D) injury or paraplegia were
the characteristics associated with the variability in IE
TMS. Age, time since injury or being in the OMA,
MC, or Other group did not explain the variation in
IE TMS. Characteristics associated with change in
TMS over time in therapy (slope) (motor recovery)
included having an incomplete injury or paraplegia.
Characteristics not associated with motor recovery
included having had the OMA procedure, age, time

since injury, total therapy hours, therapy hours per
week or months in therapy, or being categorized in
one of the three therapy dosage categories (LDLH,
SDMH, or Mixed groups) (Table 5).
Five subjects who had motor-complete (4 AIS A; 1

AIS B) SCI at IE converted to motor-incomplete (AIS
C) SCI at DC examination (Table 6). Time since
injury for the five subjects ranged from 0.5 to 2.7
years and two subjects had the OMA procedure, two
subjects were MC subjects, and one subject was in the
Other group. For each subject, sensory, motor and
overall neurological level (NL), sensory and motor
zone of partial preservation (ZPP), UE and LE TMS,
and total LT and PP scores at IE and DC examination
(if appropriate) are presented. In addition, changes in
S4-5 LT/PP, voluntary anal contraction and/or anal
sensation; specific key muscle strength changes and
newly present key muscles present at the DC examin-
ation are presented. For the nine subjects (S) who had
motor-complete (9 AIS A) SCI at IE and did not
convert to motor-incomplete, their IE SNL/motor
ZPP were: S1 C6/T1, S2 C7/C8, S7 C5/T1, S9 T10/
L2, S16 T4/L3, S18 T5/L2, S19 C6/C8, S20 T11/L3,
S21 T8/L1, S22 C6/C7, and S23 C6/C7.

Sensory recovery
Twenty-one of the 23 participants had complete sensory
data sets. Individual subject’s total LT and PP scores
(maximum score= 112) over the course of therapy are
presented in Figs. 2A and B. From IE to test two (first
60 days of therapy), the 21 subjects significantly
improved in their total LT scores (Z=−2.0; P= 0.04),
but did not improve their total PP scores (Table 7).
From IE to DC exam, the 21 subjects did not signifi-
cantly improve in either total LT or total PP scores.
Similarly, there were no significant changes in UE,
trunk or LE LT or PP scores from IE to test two or
over the course of therapy (IE to DC exam) (Table 7).

Table 4 Mixed-effects modeling approach results: (i) unconditional model without covariates (only the IE TMS was allowed to vary)
and (ii) unconditional model without covariates (random intercept/random coefficient) (the IE TMS (y-intercept) and TMS over
therapy duration (slope) were allowed to vary). ICC are also presented

Effect Coefficient Variance component SE Z-ratio Probability ICC

Unconditional model without covariates
Fixed IE TMS y-intercept (mean) 47.42 4.02 11.80 0.0005
Random IE TMS 368.43 109.46 0.963

Level 1 error 14.29 1.95 0.037
Unconditional model without covariates (random intercept/random coefficient)
Fixed IE TMS y-intercept (mean) 43.21 4.12 10.48 0.0005

Change in TMS slope over time (month) 1.28 0.25 5.06 0.0005
Random IE TMS 387.00 115.43 0.987

Change in TMS 1.04 0.45 0.003
Level 1 error 3.96 0.61 0.01

Larson and Dension Is olfactory mucosa autograft a factor?

The Journal of Spinal Cord Medicine 2013 VOL. 36 NO. 1 49



There were no significant differences between the
OMA (n= 7), MC (n= 5), and Other (n= 9) subjects
in magnitude of change in total, trunk or LE LT and
PP scores or UE LT scores from IE to test two or from
IE to DC examination (Table 8). UE PP scores were sig-
nificantly different between the three groups from IE to
test two and IE to DC examination with PWC revealing
a significant difference between the OMA and Other

groups and no significant differences between the
OMA and MC or MC and Other groups (Table 8).

Discussion
Effectiveness of intense, activity-based physical
therapy
Intense, activity-based PT was effective in promoting
motor recovery in individuals with SCI. Participation

Table 6 Specific ASIA motor and sensory changes (italics) from initial to discharge examination for subjects that converted from a
motor-complete (AIS A/B) to motor-incomplete (AIS C) spinal cord injury

Subject
number Group

Time
since
injury
(years)

Initial examination

AIS
IE/
DC

Discharge examination

NL (sensory/
motor/SNL
overall)

ZPP
(sensory/
motor)

TMS
(UE/LE)
(points)

Total LT/
PP
(points)

NL (sensory/
motor/SNL
overall)

TMS
(UE/LE)
(points)

Total LT/
PP
(points)

3 OMA 2.7 C4/C5/C4 T7/T7 16/0 33/15 A/C C4/C6/C4 26/2 42/14
8 Other 2.7 T5/T5/T5 T12/L3 50/3 61/46 A/C T5/T5/T5 50/4 81/46
14 MC 1.1 T5/T5/T5 S3/L4 50/5 68/54 A/C T5/T5/T5 50/10 75/55
15 MC 0.5 C7/C7/C7 NA 27/0 112/98 B/C T4/C7/C7 36/3 112/102
17 OMA 2.0 C8/T1/C8 T4/L3 50/1 39/32 A/C C8/T1/C8 50/5 60/32

S4-5/anal sensory
changes - IE to
DC

Specific motor (muscle strength) changes – IE to DC Newly present key muscles at DC

3 LT S4-5 present B elbow flexors 3–5 L finger abductor grade 1
B wrist extensors 3–4 B hip flexors grade 1
B elbow extensor 1–2
L finger flexors 1–2

8 LT S4-5 and anal
sensation
present

L knee extension 1–2

14 LT/PP S4-5, anal
voluntary
contraction and
anal sensation
present

R hip flexor 1–2 L hip flexor grade 2
L ankle DF and long toe extensor grade 1

15 Not applicable Wrist extensors R 4–5, L 3–5 L hip flexor grade 2
B elbow extensors 3–5 R hip flexor grade 1
B finger flexors 1–2

17 LT S4-5 and anal
sensation
present

L hip flexor 1–2 R hip flexor grade 2
L knee extensor grade 1

Abbreviations: B, bilateral; L, left; R, right.

Table 5 Level two conditional analyses (random intercept/random slope model with covariates)

Characteristic IE TMS TMS change IE to DC exam

Complete or incomplete SCI z= 2.41, P= 0.016 z= 2.90, P= 0.004
Tetraplegia or paraplegia z= 5.38, P≤ 0.005 z= 4.97, P≤ 0.005
OMA, MC, and Other z=−0.08, P= 0.94 z=−0.68, P= 0.50
Age (years) z= 0.5, P= 0.63 z= 1.65, P= 0.10
Time since injury (years) z= 0.01, P= 0.99 z=−0.25, P= 0.81
Total hours in intense therapy z= 0.78, P= 0.43
Therapy dosage (hours per week) z=−1.03, P= 0.30
Therapy duration (months) z=−0.55, P= 0.59
LDLH, SDMH, and Mixed z=−0.26, P= 0.79

Characteristics associated (italics) or not associated with IE TMS and change in TMS from initial (IE) to discharge (DC) examination for
the 23 participants in the intense PT program are presented. Results included categorization into the three therapy dosage groups –

LDLH, SDMH per week and mixed (either SDMH and LDLH per week).
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in the intense PT program improved TMS at a mean
rate of 1.3 points per month. On average, TMS,
UEMS, and LEMS improved 5.5, 5.9, and 3.2
points, respectively, from initial to discharge examin-
ation. Similarly, individuals with chronic SCI who par-
ticipated in a six month, intense exercise program
demonstrated a mean change of 4.8 points in TMS
and 3.3 points in LEMS.27 Gains of this magnitude
in individuals that were, on average, five years post-
SCI are noteworthy since expected motor recovery in
individuals greater than 18 months post-SCI are
limited to 1–2 points per year.63,64

In contrast, from initial to discharge examination,
intense PT was not effective in promoting sensory
recovery in individuals with SCI. Interventions directly
targeting sensory recovery such as sensory integration
or retraining were not a primary focus of the intense
PT program; however, sensory input from repetitive
movement, weight bearing, therapeutic activities and
manual facilitation was expected to improve sensation.
Proprioception or sensory modalities other than the
superficial sensations of LT and PP may have changed
with intense therapy but were not monitored. It is
unclear why the participants improved in their LT
sensory scores within the first 60 days of therapy;
whereas, LT and PP sensory scores did not significantly
change over the entire course of therapy. Nine of the 21
subjects had sustained a thoracic injury. It is our obser-
vation that the sensory level can vary especially in the
thoracic region due to the subjectivity of the thoracic
dermatome locations. Saddiki-Trak et al.65 described
the existence of a band of altered, often abnormal, sen-
sation at the boundary between the sentient and insenti-
ent skin on the anterior trunk of individuals with
thoracic complete SCI. This zone can extend for as
much as 12 cm inferior to the insentient skin and has
an average threshold (relative to the grams of force
needed for detection) that was 58% greater than con-
trols. This may or may not explain the variability in sen-
sation over time.

Figure 2 ASIA total LT (A) and PP (B) scores (points) for 21
subjects (OMA (n = 7), MC (n = 5) and Other (n= 9) sub-groups)
(maximum score= 112). Each line represents an individual
subject’s sensory scores over the course of their participation
in the intense, activity-based PT program. Tests were
conducted at approximately 60 day intervals.

Table 7 Mean± SD change in ASIA sensory LT and PP scores (points) from IE to test two (first 60 days) and from IE to DC
examination for 21 participants in the intense, activity-based PT program. Total, UE, trunk and LE change in LT and PP scores are
presented. Sample sizes for the UE change in sensory scores are reduced due to exclusion of subjects with an IE score= 32

Mean change in LT scores Total UE (n= 10) Trunk LE

IE to test 2 3.1± 6.1* 0.7± 1.8 1.8± 4.1 1.1± 4.3
IE to DC exam 3.0± 6.4 0.5± 1.4 1.8± 4.1 1.2± 4.6

Mean change in PP scores Total UE (n= 13) Trunk LE
IE to test 2 0.1± 4.9 0.3± 1.7 0.3± 3.6 0.2± 1.9
IE to DC exam 1.2± 6.0 0.9± 3.1 0.8± 3.8 0.7± 2.9

*Z=−2.0; P= 0.04.
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Further exploration of the motor data revealed that
participants with an incomplete (AIS B, C or D) SCI
or paraplegia demonstrated greater motor recovery.
Similarly, Harness et al.27 reported that individuals
who were motor-incomplete had significantly greater
gains in motor recovery over a six-month intense exer-
cise period. In general, individuals with incomplete as
compared with complete tetraplegia have greater UE
motor recovery and highly variable LE recovery.64,66,67

Individuals with thoracic/lumbar and incomplete SCI
had greater gains in mobility and self-care as compared
with those with cervical and complete SCI.68 Even
though intense PT participants with incomplete SCI or
paraplegia had greater motor recovery; some partici-
pants with complete SCI demonstrated motor recovery
as well.

Conversion from complete to incomplete injury is
limited in those with chronic SCI; AIS conversions
from A to C and C to D have been reported to be
1.1% and 21.5%, respectively, from year one to five
post-SCI.69 Ninety percent of individuals with complete
tetraplegia at one month post-SCI remained complete at
three years post-injury and only 0.05% recovered some

LE function.63 Comparatively, in the current study, 5
of 14 participants (35%) with motor-complete SCI
(four participants AIS A; one participant AIS B) at IE
converted to motor-incomplete (AIS C) at the DC
examination and one participant converted from AIS
C to D. The four participants classified as AIS A who
converted to motor-incomplete had extensive IE
motor ZPP (motor ZPP extended 11–14 segments
below the SNL) as compared with the nine participants
with motor-complete SCI who did not convert to motor-
incomplete SCI (motor ZPP extended 1–10 segments
below the SNL). Therefore, a majority of the motor
score changes were due to strengthening muscles that
were already present; presumably due to muscle fiber
hypertrophy, type IIx/IIb to IIa fiber-type conversion
and/or increased capillary density.70,71 However,
motor score increases were also due to newly gained
function of key muscles below the ZPP (Table 6). Four
of the five individuals who converted to motor-incom-
plete SCI had motor recovery below their ZPP and
partial recovery of LE motor function (Table 6). In prin-
ciple, recovery within the ZZP could be due to central
and/or peripheral nervous system plasticity while

Table 8 Mean± SD change in ASIA sensory total, UE, trunk and LE LTand PP scores (points) from IE to test two (first 60 days) and
IE to DC examination for the OMA, MC and Other participants in the intense PT program. Sample sizes for the UE change in sensory
scores are reduced due to exclusion of subjects with an IE score= 32

OMA n= 7 Matched control n= 5 Other n = 9
Group comparisons
(ANCOVA, PWC, Sidek method)

Change in total LT scores
IE to test 2 0.1± 4.8 4.4± 3.6 4.6± 7.6 F(2,17)= 1.7; P= 0.2
IE to DC −0.1± 4.8 2.8± 3.6 5.4± 8.0 F(2,17)= 1.4; P= 0.3
Change in total PP scores
IE to test 2 −3.0± 4.9 0.6± 2.1 2.2± 5.1 F(2,17)= 0.7; P= 0.5
IE to DC −3.0± 4.9 1.2± 1.6 4.6± 6.5 F(2,17)= 1.1; P= 0.4
Change in UE LT scores

n= 6 n= 4
IE to test 2 −0.3± 1.5 2.3± 1.2 F(1,6)= 5.3; P= 0.06
IE to DC 0.2± 0.8 0.7± 2.5 F(1,6)= 0.2; P= 0.7
Change in UE PP scores

n= 6 n= 4 n= 3
IE to test 2 −1.2± 1.0 1.0± 0.8 1.7± 2.1 F(2,9)= 6.1; P= 0.02

OMA and Other (P= 0.04)
OMA/MC or MC/Other not significant

IE to DC −1.2± 1.0 1.0± 0.8 4.0± 5.2 F(2,9)= 4.4; P= 0.05
OMA and Other (P= 0.05)

OMA/MC or MC/Other not sig
Change in trunk LT scores
IE to test 2 1.4± 5.6 2.5± 2.1 1.9± 3.8 F(2,15)= 0.6; P= 0.6
IE to DC 0.9± 5.6 2.5± 2.1 2.4± 3.5 F(2,15)= 0.6; P= 0.56
Change in trunk PP scores
IE to test 2 −1.1± 3.2 −0.6± 3.1 1.3± 4.1 F(2,17)= 0.2; P= 0.82
IE to DC −1.1± 3.2 1.0± 2.8 2.2± 4.4 F(2,17)= 0.25; P= 0.78
Change in LE LT scores
IE to test 2 −1.0± 1.6 1.5± 1.9 2.8± 5.9 F(2,15)= 1.7; P= 0.2
IE to DC −1.1± 1.5 1.3± 2.5 3.3± 6.4 F(2,15)= 1.6; P= 0.2
Change in LE PP scores
IE to test 2 0.6± 1.5 −0.8± 1.8 0.6± 2.3 F(2,17)= 0.9; P= 0.42
IE to DC 0.6± 1.5 −0.6± 1.9 1.6± 4.0 F(2,17)= 1.0; P= 0.38
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recovery below the ZPP would possibly require at least
some central nervous system repair.64 It should be
noted that, at the time of discharge, the LE muscles
received ASIA grades of one or two; therefore, muscle
strength was considered non-functional.64 It is
unknown if further participation in the intense therapy
program would have led to the attainment of functional
muscle strength (greater than ASIA grade three). Since
conversion from AIS A–C and recovery below the
ZPP rarely occurs in those with complete SCI,72,73

recovery in individuals with motor-complete SCI indi-
cates that participation in the intense PT program did
promote greater-than-expected motor recovery.
Harness et al.27 reported a weak correlation (r= 0.53)

between hours per week participating in an intense exer-
cise program and change in ASIA motor scores.
Conversely, in the current study, therapy dosage (total
therapy hours, hours per week, and therapy duration)
did not significantly correlate with motor recovery.
Since this research project was carried out in a clinical
setting, dosage could not be well controlled.
Participation in the intense PT program varied due to
factors such as motivation, medical complications, and
insurance/financial issues. The amount of variability
in dosage as measured by therapy hours per week or
months within the program was not anticipated.
Individuals that were in the program less hours per
week over a longer therapy duration did not differ in
motor outcomes as compared with those that were in
the program for more hours per week over a shorter
therapy duration. The key variable to examine; there-
fore, was determined to be total hours of intense,
activity-based PT. On average, 137 total hours of
intense PT was effective in promoting motor recovery;
therefore some minimally effective dosage appears to
have been reached for this cohort of participants.
There may be a yet-unidentified, optimal therapy
dosage that generates motor recovery. Currently, there
is no consensus as to the optimal therapy dosage for
activity-based, outpatient PT. Dosages used in past
studies or recommended dosages included 7.3 hours
per week over six months,27 thirty-three hours per
week for 1.8 years,47 nine hours per week,74 or six
hours per day, six days per week over a six months dur-
ation.75,76 Future dose-response research must be per-
formed in order to identify the optimal, effective
therapy dosage required to create clinically meaningful
change in motor recovery after SCI. It is important to
identify the optimal therapy dosage in order to minimize
over-utilization of insurance benefits and/or partici-
pants’ financial resources; however, individual differ-
ences must be considered. In addition, the number of

points of improvement in total ASIA motor scores
which indicate a clinically meaningful- or functional-
change has not been identified. Since functional
outcome measures were recorded for the 23 participants
in the intense PT program, the associated functional
changes will be forth-coming in future publications.
It may not be the therapy dosage,68,77,78 but rather the

therapeutic activity or combination of activities,2,27 the
number of exercise repetitions per session,20,21 the exer-
cise/rest ratio and/or the timing of therapy initiation
that drives recovery for individuals with SCI. The
intense, out-patient PT program utilized an activity-
based approach comprised of a number of therapeutic
activities and exercise strategies. Whereas frequency
and duration of participation in the intense PT
program was recorded, the therapeutic exercises and
activities were not quantified precisely. There is a need
to perform future research which would precisely quan-
tify the minutes spent performing each type of thera-
peutic activity relative to recovery outcomes after SCI.
The SCIRehab project is in the process of precisely clas-
sifying and quantifying interventions across disciplines
in six in-patient SCI rehabilitation facilities.79–82

A similar, multi-site study specifically quantifying
interventions and outcomes for individuals participating
in out-patient, activity-based programs including this
study’s site is in the planning stages.

Is olfactory mucosa autograft a factor?
Individuals with SCI who had elected to undergo the
OMA procedure and then participated in the intense,
activity-based, outpatient PT program did not have
greater sensory recovery or greater magnitude or rate
of motor recovery when compared to individuals who
participated in the intense PT program and had not
had the OMA. The OMA and MC groups were not sig-
nificantly different in terms of gender, age, time since
injury, level of injury, AIS grades or therapy dosage.
Lima et al.47,49 have reported significant sensory and
motor recovery following OMA plus rehabilitation.
From baseline (pre-OMA) to the final examination
post-OMA, after 28± 11 months of intense rehabilita-
tion, ASIA UEMS, and LEMS improved, on average,
4.5 and 5.0 points, respectively.49 However, as clearly
stated by the authors, ‘one of the limitations of this
study was that there was no control group with rehabili-
tation alone to separate the effects of rehabilitation, and
OMA and rehabilitation.’49 Eight of the 20 subjects had
participated in a year or more of intense rehabilitation
before the OMA procedure with no change in AIS
grade and LEMS remained zero, which led the
authors to state that ‘rehabilitation alone was not
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sufficient for recovery.’49 It is unclear if the content of
the pre- and post-operative rehabilitation was the
same. In two other phase I/IIA studies, five individuals
with chronic SCI, C5-T12, motor-complete83 and six
individuals with complete T4-T7 SCI51 who had under-
gone the OMA procedure had no significant motor or
sensory recovery and none of the LE muscles that
scored zero at baseline improved at the 6 or 36 month
follow-up. Chhabra et al. (2009) had instructed their
subjects to follow a defined and standardized physical
rehabilitation program; however, the dosage was not
recorded and ‘the compliance…may have been low’;83

whereas, Mackey-Sim et al.51 had not instructed their
subjects to follow ‘any particular exercise regime.’
These results along with the results of the current
study indicate that intense PT alone may be the key
factor in promoting motor recovery for individuals
with SCI. On the other hand, intense PT after the
various neural recovery/neuroregenerative surgical pro-
cedures including the OMA procedure appears to be an
essential component for motor recovery.36,47,83

It should be noted that there was a tendency for the
matched control as compared to the OMA participants
to improve their UE LT scores over the first 60 days in
the intense PT program; however, this group difference
was not sustained over the entire course of therapy. It
is uncertain if this is a true finding or is another
example of the apparent variability of sensory score out-
comes when tested repeatedly over time. As stated pre-
viously, thoracic sensation may vary due to the
extensive sentient-insentient band present in the anterior
torso.65 Variability in cervical dermatome locations as
illustrated by the various dermatome maps may also
explain the variability observed in the repeated sensory
testing.84 It appears important to examine the stability
of sensory scores over time and establish the number
of levels of sensory return that indicates true recovery
of sensation in individuals with SCI. On the other
hand, it does appear that there was a true difference
between the OMA and Other participants as to
change in UE PP scores; the Other participants
improved their UE PP scores at both the 60 day and dis-
charge examination as compared to the OMA partici-
pants. It is unclear whether the loss of UE PP
sensation in the OMA group is a true loss of PP sen-
sation or whether a reduction of, on average, 1.2
points is within the normal variance observed when per-
forming repeated testing of PP sensation over time.
Substantial gains in both LT and PP sensation were
reported in subjects who had the OMA procedure plus
rehabilitation. However, 1 of 7 (2006) and 1 of 20
(2009) subjects had LT and PP sensory loss at 3–18

months post-OMA presumably due to ‘some sensory
axons being damaged during the surgical
procedure.’47,49

The findings of the current study and past studies that
included individuals having had the OMA must be con-
sidered preliminary due to the small sample sizes.
Additional limitations for the current study include the
inability to examine a non-therapy control group; if
individuals were not receiving therapy, they did not con-
sistently attend scheduled examinations every 30 days.
There was no access to motor and sensory data immedi-
ately after the OMA surgery and long-term follow-up
after discharge from the intense therapy program was
not possible. Attempts were made to keep the examiners
blinded as to who had had the OMA; however, two par-
ticipants inadvertently verbally informed the examiners
of their OMA history. Efforts were made to have the
same examiner perform the repeated ASIA motor and
sensory measures for each individual participant;
however, due to scheduling issues, this was not possible
for 4 of the 23 participants. For two of these four partici-
pants, the physical therapist whowas treating the patient
was also the examiner who performed the ASIA motor
testing.

It must be emphasized that the rate of motor recovery
for the OMA and MC groups was not different over the
course of intense PT; but it cannot be assumed that
motor recovery is a linear process. Lima et al.47 reported
a possible bi-modal pattern in recovery post-OMAwith
early (3–6 months) and late (greater than one year)
peaks. Since the subjects participated in the intense PT
program for an average of 4.6 months, it is likely that
the current study captured the early recovery peak;
however, any later recovery may have been missed.
This again emphasizes the importance of determining
the minimally effective dosage, duration, and content
of an intense PT program for both individuals with
SCI who elect to undergo a neural recovery/regenerative
surgical procedure and those that elect intense PT alone.

Conclusion
This study provides encouraging evidence as to the effec-
tiveness of an intense, activity-based, outpatient PT
program designed for individuals with SCI. Motor
recovery (TMS as measured by the ASIA ISNCSCI
examination), improved at a mean rate of 1.3 points
per month over the intense therapy period. In contrast,
intense therapy was not effective in promoting sensory
recovery. Participants with an incomplete SCI or para-
plegia had greater motor recovery; however, five of 14
participants with complete SCI converted from motor-
complete to motor-incomplete. Individuals with SCI
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who had elected to undergo the OMA procedure and
then participated in the intense PT program did not
have greater sensory recovery or greater magnitude or
rate of motor recovery as compared to individuals who
had not had the OMA. Future therapy dose-response
and therapy-content research must be performed in
order to identify the specific therapeutic activities and
optimal, effective therapy dosage required to generate
clinically meaningful recovery for individuals with SCI
including those who elect to undergo a neural recovery
surgical procedure and those that elect intense, outpati-
ent, activity-based PT alone.
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