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Fractionated radiation facilitates repair and functional motor recovery
after spinal cord transection in rat
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Abstract

Previous studies suggest that motor recovery does not occur after spinal cord injury because reactive glia abort the natural repair
processes. A permanent wound gap is left in the cord and the brain-cord circuitry consequently remains broken. Single-dose x-irradiation
destroys reactive glia at the damage site in transected adult rat spinal cord. The wound then heals naturally, and a partially functional
brain-cord circuitry is reconstructed. Timing is crucial; cell ablation is beneficial only within the third week after injury. Data presented
here point to the possibility of translating these observations into a clinical therapy for preventing the paralysis following spinal cord
injury in the human. The lesion site (at low thoracic level) in severed adult rat spinal cord was treated daily, over the third week
postinjury, with protocols of fractionated radiation similar to those for treating human spinal cord tumors. This resulted, as with the
single-dose protocol, in wound healing and restoration of some hindquarter motor function; in addition, the beneficial outcome was
augmented. Of the restored hindlimb motor functions, weight-support and posture in stance was the only obvious one. Recovery of this
motor function was partial to substantial and its incidence was 100% instead of about 50% obtained with the single-dose treatment. None
of the hindlimbs, however, regained frequent stepping or any weight-bearing locomotion. These data indicate that the therapeutic outcome
may be further augmented by tuning the radiation parameters within the critical time-window after injury. These data also indicate that
dose-fractionation is an effective strategy and better than the single-dose treatment for targeting of reactive cells that abort the natural
repair, suggesting that radiation therapy could be developed into a therapeutic procedure for repairing injured spinal cord.  2001
Elsevier Science B.V. All rights reserved.
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1. Introduction nent wound gap and muscle paralysis beyond the lesion
(Fig. 1A). Clinically, complications in wound healing are

Natural repair mechanisms are activated in the adult due to the failure /abnormality of the basic repair pro-
spinal cord in response to injury. These repair mechanisms cesses, e.g., ulceration of the wound in human tissues is
commence healing the wound and reconstructing the cord due to inadequate vascularization during healing [10]. In
tissue, including reforming the damaged blood vessels and the spinal cord, the blood vessels fail to reinstate a normal
regrowing the severed axons [15,17,23,29,37]. However, blood supply at the damaged area (e.g., Refs. [3,4,28]);
by the end of the third week after the injury, the repair is accordingly, as in other tissues [10], the injury inevitably
aborted and decay processes take over, yielding a perma- results in progressive decay at the lesion site [4,17,35,38].

This chronic tissue decay has a pivotal role in the
devastating consequences of spinal cord injury: the severed*Corresponding author. Sloan-Kettering Institute for Cancer Research,
nerve fibers fail to cross the widening wound gap, leavingBox 280, 1275 York Avenue, New York, NY 10021, USA.

E-mail address: kalderon@mskcc.org (N. Kalderon). the cord beyond the injury site permanently disconnected
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Fig. 1. The natural course of pathogenesis in spinal cord injury and its possible prevention by a timed X-ray intervention – a schematic illustration based
on previous observations [23,24]. (A) Consequences of injury; (based on Fig. 2 in Ref. [23]). A normal course of wound healing events proceeds through
the third week postinjury: at the first few days postinjury the two cord stumps are separated by a gap, whereas during the third week the cord seems to be
almost fused with very little signs of the initial cut. The destructive processes seem to take over at the fourth week postinjury, being noticeable as discrete
sites of disintegration; these lead eventually to a permanent wound gap. (B) Localized, single-dose (17.5–20 Gy) x-irradiation of the lesion site, delivered
within the third week postinjury, prevents much of the destructive outcome [23,24]: tissue decay is averted and structural continuity is restored;
consequently, the severed corticospinal fibers re-grow across the lesion site into the distal stump [23], re-instate some of the disrupted circuitry with cord
neurons and regain control over hindlimb muscle function [24].

from the brain, and the related muscles remain paralyzed destructive outcome of transection injury in adult rat spinal
(Fig. 1A). cord [23,24]; both tissue decay and paralysis were pre-

Several therapeutic strategies have been developed that vented by single-dose (17.5–20 Gy) irradiation on day 17
result in successful regrowth of severed brain-cord fiber or 18 postinjury (Fig. 1B). The incidence and the degree of
tracts beyond the lesion site [6,9,11,14,18,26,30,31,33,36]. recovery were not maximal, e.g., the incidence of func-
These strategies are aimed not at preventing but at tional motor recovery was about 50% [24].
correcting the deficiencies caused by the injury; they Thus far, we have employed irradiation conditions
bridge or bypass the wound gap thereby providing a (single-dose protocols) that were useful in clarifying the
favorable terrain for the re-growing fiber tracts, e.g., pathogeny of spinal cord injury; they are not however in
bridging with peripheral nerve grafts [9,11]. clinical use. Fractionated radiation therapy, as used clini-

We have developed a therapeutic strategy which is cally in cancer treatment, involves repetitive daily doses of
aimed at preventing the deficiencies caused by the injury; irradiation at the range of 2–4 Gy given usually over a
by eliminating reactive cells that interfere with natural course of several weeks. Safe radiation protocols for the
repair processes in transected adult rat spinal cord we treatment of human tumors have been developed, employ-
prevented tissue decay [23,24] (Fig. 1B). We have iden- ing total doses that eradicate tumors without exceeding the
tified one cellular component, the reactive astrocyte, that normal tissue tolerance. For example, the clinical tolerance
appears to play an important role in aborting the natural dose values for the human spinal cord are 45–50 Gy and
repair, since elimination of this cell with x-irradiation, as 33 Gy when delivered in daily fractions of 2 Gy and 3 Gy,
used to remove proliferating cells [16,32], enables the respectively [25,27,34].
continuation of the natural intrinsic repair [22,23]. Timing Here, we question whether the strategy of eliminating
is critical. It was possible to reduce the reactive gliosis inhibitory cells could be developed into a clinical therapeu-
provided the radiation was delivered within the period of tic procedure for repairing injured spinal cord. To answer
2–3 weeks after injury [22]; optimal elimination was the question, we determine the capacity of fractionated
achieved at 15–18 days postinjury. Along with the preven- radiation therapy in facilitating repair in severed rat spinal
tion of gliosis, it was possible to prevent much of the cord when applied over the third week after injury.
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2. Materials and methods placed on an uneven (providing traction) flat surface, on a
thin-layered sponge. Hindquarter motor function of each of

2.1. Injury the rats was evaluated and scored from the related vid-
eotape records.

Adult Sprague–Dawley female rats (Charles River
Breeding Laboratories), 3–6 months old were used. The 2.4. Tissue harvest and histology
surgical procedure and spinal cord injury are the same as
described previously [24]. Briefly, the rat is anesthetized Harvest of cord tissue samples containing the lesion site
with 7% chloral hydrate injected i.p. (0.6 ml per 100 g of and histology were performed as previously described
body weight), and with 0.2% Stadol (butorphanol) injected [23]. Briefly, anesthetized rats were perfused with a
s.c. (0.01 ml per 100 g of body weight). First, the exposed phosphate-buffered saline solution and then with a solution
spinal cord is completely severed (cordotomized) at T10– of 6% formaldehyde in phosphate-buffered saline, and
T11 by transecting it from top-to-bottom with microscis- after removal from the vertebrae cord tissue samples were
sors but avoiding the posterior blood vessels. Next, to further fixed and frozen [23]. Frozen cord samples were
assure a complete severance, a loop is made around the cryostat-sectioned (20 mm thick) in a horizontal plane; the
entire cord tissue which remained intact with a surgical serially collected sections were stained for routine histolo-
monofilament nylon suture [8-0, and the loop-enclosed gy with thionin and examined by light microscopy.
tissue is cut. Upon completion of the injury, strips of
Gelfoam (Upjohn) are placed in between the muscles and 2.5. Magnetic resonance imaging (MRI) in vivo
the bony structures around the cord: one leaning on top of
the spinous processes of vertebra T10 and T12 and two MRI scans of the lesion site of the spinal cord were
along each of the sides between the vertebra and the side obtained on a 4.7 T/33 cm bore CSI Omega imaging
muscles. The overlying back muscles are sutured, the skin spectrometer (Bruker, Fremont, CA, USA) equipped with
is closed with surgical wound clips, and the rat is given an shielded gradients (70 mT/m) and a linear ‘birdcage’ coil
s.c. injection of long-acting penicillin (300,000 units). (15 cm diameter). The anesthetized rat was placed in the
Bladders were expressed manually 3–4 times a day until linear ‘birdcage’ coil which was placed in the magnet with
automatic bladder function has been resumed (within 1–2 the lesion site at the center of the magnet. Images were
weeks postsurgery), and 1–2 times per day thereafter. The acquired using a spin-echo pulse sequence. To localize the
animal care was in accordance with the Institutional cord lesion site a sagittal scout image was obtained with
Animal Care and Use Committee guidelines. the following parameters: repetition time5300 ms, echo

time516 ms, with field of view560 mm, four excitations,
2.2. Radiation 1283128 imaging matrix, 2 mm thick slice, and eight

adjacent slices with 0.5 mm gap in between slices.
Irradiation was delivered by an X-ray generator, a Subsequently, T - and T -weighted sagittal images were1 2

hybrid orthovoltage unit operating at 320 kVp, 10 mA with obtained with the following parameters: T -weighted1

0.5 mm Cu filtration, at a dose rate 146.5 cGy/min, at a (repetition time5500 ms, echo time516 ms, 8 excitations)
distance of 50 cm from the skin. Treatment was delivered and T -weighted (repetition time53500 ms, echo time5402

through a posterior approach while the rat was sedated ms, 4 excitations) [8] with field of view560 mm, 1283128
with acepromazine maleate injected i.p. (0.5 mg per 100 g imaging matrix and 1 mm thick slice, collecting 8 adjacent
of body weight) and shielded with lead except for the slices with 0.5 mm gap.
exposed treatment field which was centered at the site of
lesion and measured 25 mm320 mm (long3wide). Two
dose fractionation protocols were used; these protocols, 3. Results
which were delivered over 6 sequential days, consisted:
either of 6 fractions of 3.4 Gy delivered once a day or of 3.1. Motor recovery by fractionated radiation
11 fractions of 2.2 Gy delivered twice a day with an
interval of 10–14 h in between the dose fractions. The effectiveness of fractionated-radiation protocols in

facilitating repair was studied in a completely transected
2.3. Evaluation of motor recovery spinal cord; an injury which permits an unequivocal

determination of functional motor recovery below the
Motor function of each of the rats, the irradiated and the lesion site due to regeneration of severed descending fiber

unirradiated controls, was recorded periodically (once tracts. The injury was at the T10–T11 level, which results
every few weeks), starting on day 14 postinjury, by in a complete loss of function and control of the hindlimbs
videotaping the animals’ behavior when they were placed (Figs. 2B, 3A and 4A) as compared with a normal rat with
on a flat metallic surface for about 5 to 10 min per session. intact spinal cord (Fig. 2A). Our previous data suggested
Occasionally, the animals were also videotaped when that recovery of motor function is dependent on and
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Therefore, we examined here only two events, the begin-
ning and the end of the repair cascade, i.e., restoration of
structure and recovery of function, respectively. Structural
examination of the lesion site [23] and behavioral evalua-
tion of hindlimb motor function [24] were the assays used
here to determine the effectiveness of fractionated radia-
tion in eliciting repair.

Two dose fractionation protocols were examined: a 20.4
Gy (n57) or a 24.2 Gy dose (n58), delivered in fractions
of 3.4 Gy once a day or 2.2 Gy twice a day, respectively,
starting on day 15 postinjury. In all studied rats, treated
(n515) and untreated (n56), there was a recovery within a
day postinjury of the distal spinal reflex responses elicited,
for example, by pinching of the tail. Selection for irradia-
tion was random and motor function in the hindquarters of
treated and untreated rats was monitored and periodically
recorded up to 15 months postinjury.

In all rats that were treated with the dose-fractionated
protocols some of the paralysis in their hindquarters was
prevented as compared with the control untreated rats
(Figs. 2, 3 and 4). Complete transection of the cord results
in complete loss of function and control of the hindlimbs.
The posterior body, distal to the cut, is paralyzed and lies
flat on the surface (Figs. 2B, 3A, and 4A); the feet are
splayed or tucked under the lower abdomen, and the rat
supports its hindquarters’ posture and weight with the
knees and the base of the tail. In addition, with time after
the injury, as locomotion is carried out by the forelimbs
and the paralyzed hindquarters’ muscles atrophy the torso
becomes larger in size in comparison with the posterior
body and the rat develops a hump (Figs. 2B, 3A and 4A).

In all irradiated rats some of the hindlimb motor
functions were restored; the most obvious of these wasFig. 2. Wound repair and hindlimbs’ motor recovery – weight support –
weight-support and posture in stance, the only restoredby fractionated radiation therapy. A composite of still images taken from

video recordings of three rats (A–C) (one normal and two differently hindlimb motor function which can be objectively char-
treated cordotomized rats, 6 months postinjury) combined with photo- acterized (Fig. 4). Some very important behavioral func-
graphs of a segment of their spinal cord, at the level of the injury, placed tions, e.g., feeding and grooming, are carried out for
as inset at their respective left side. (A) Normal rat in stance and its intact

lengthy periods of time (several minutes) in stance only,spinal cord. (B) Control untreated cordotomized rat and its cord, 10
i.e., when stationary. Weight support and posture are themonths postinjury. (C) Treated (11 fractions of 2.2 Gy) cordotomized rat

and its cord, 10 months postinjury. Comparison of the three shows that motor functions that participate in these vital behaviors. A
the untreated rat is paralyzed in its posterior body supporting its posture normal rat holds the food or grooms its face with the two
and weight with the knees and the tail’s base, and its cord has an ‘hands’ while its ‘legs’ are bent in a sitting position (with
extensive cavitation 2–3 mm in size. In contrast, the irradiated rat looks

the rump held up or on the ground). A rat cordotomized atalmost like the normal rat, its hindlimbs support a complete elevation of
the waist, after the injury, stops using both ‘hands’ forits hindquarters, the tail’s base is off the ground, and its cord shows a

considerable repair of the wound. holding food or grooming; instead it uses them one at a
time when the other ‘hand’ supports its anterior body
weight and posture while the posterior body lies flat on the
ground. The irradiated rats regained the ability, partial to

correlates with restoration of structural continuity [23,24]. substantial, to support the posterior body weight (Fig.
Once tissue decay was prevented and structural continuity 4B–E) and standing posture with the hindlimbs (Figs. 2C
was established it was found (by antero- and retrograde and 3xA). One of these irradiated rats can be seen
tracing, by electrophysiologic recording and by visual supporting its posterior body weight and posture with the
observations) that some of the severed descending fibers ‘legs’ and is simultaneously performing face grooming
re-grew across the lesion site into the distal stump [23], with its ‘hands’ (Fig. 3xA, inset); it was involved in this
re-instated some of the disrupted circuitry and regained behavior for several minutes. The posture of the posterior
control of hindlimb muscle function [24] (Fig. 1B). body with the bent ‘legs’ in a sitting position looks almost
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Fig. 3. In vivo views of the structural and functional repair. A composite of still images taken from video recordings of two differently treated
cordotomized rats (A & xA) combined with MRI scans of the corresponding lesion site at their cords (B & xB). (A & xA). The untreated control rat, 15
months postinjury (A), its posterior body is paralyzed, whereas the irradiated (6 fractions of 3.4 Gy) rat, 13 months postinjury (xA), shows a considerable
motor recovery; its hindlimbs regained the capacity of complete elevation of its hindquarters including the base of the tail off the ground. The treated rat, in
two additional images (xA inset) is seen: holding its posterior body off the ground when the bent ‘legs’ are positioned wide open leaning on the tilted paws,
and simultaneously grooming its face with one ‘hand’ at time (top with the left and bottom with the right) while the other ‘hand’ (arrow) is on the ground.
(B & xB). Spin-echo T -weighted MRI sagittal scans of the lesion site. The control untreated cord (B), 20 months postinjury, has extensive tissue decay2

and cavitation. In contrast, the irradiated cord (xB), 17 months postinjury, shows considerable wound repair; the cord is for the most part continuous, with
some fluid accumulation (high signal, white) around the lesion site. (Bar510 mm).

like the posture of a normal rat. Early signs of motor function when placed on smooth (Fig. 2) or uneven surface
recovery, related to weight support and posture, were (Fig. 3).
noticed already during the second month postinjury; these
gradually improved with time stabilizing at about 4–6 3.2. Degree and incidence of functional recovery by
months postinjury. fractionated radiation

In addition, all treated rats maintained rounded body
shape (Figs. 2C, 3xA and 4B–E) and did not develop the The degree of functional recovery in the irradiated rats
rectangular hump at the lesion level that is typical of the was variable, e.g., Fig. 4B–E. At the present no meaning-
untreated rats. This rounded body shape indicates that most ful neurologic tests exist for evaluating the degree of
of the hindquarter muscles regained some motor function functional recovery below the lesion in an animal whose
and therefore did not atrophy. In some of the irradiated rats spinal cord was completely transected. Several neurologic
(n55) there was also recovery of occasional hindlimb tests are available for evaluating the deficits / residual
stepping; this was noticeable at about 5 months and motor function in the rat’s hindlimb following spinal cord
became more pronounced later up to 9 months postinjury. contusion /crush injury. However, these tests have very
None of the hindlimbs, however, regained frequent step- limited use in our study as they evaluate the activity of the
ping or any weight-bearing locomotion. Finally, no signifi- spared fiber tracts not the activity of the regenerated tracts;
cant difference was observed in the hindquarter’s motor further, they mostly focus on rating locomotion. For

Fig. 4. Levels of restored weight support and posture. A composite of still images taken from video recordings of 5 different rats, a control untreated (A)
and 4 treated (B–E) cordotomized rats, 6–9 months postinjury. (A) Untreated paralyzed rat, its hindlimbs cannot support its posterior body weight. (B–E)
Irradiated rats which show different levels of hindlimb motor recovery related to weight support and posture as determined by the distance of the posterior
body from the ground and by the positioning of the feet away from the body. Seen are three levels of weight support: a low level, score of 2 (B); a medium
level, scores of 3–4 (C–D); and a high level, score of 5 (E); only one of the four rats (E) regained some capacity of elevating of the base of the tail off the
ground.



204 N. Kalderon et al. / Brain Research 904 (2001) 199 –207

example, the BBB locomotor rating scale [1] rates the irradiated rats regained the capacity to support their
residual level of normal motor function of the rat hind- hindquarters’ weight with hip and thigh muscles, while
limbs on a scale of 1 to 21, when the scores 10–21 are only about one quarter (4 /15) of them regained weight
devoted to locomotion capacity. However, this scale does support with hip, thigh, and shank muscles.
not include any scoring for the different levels of restored No significant difference could be detected in between
weight support observed in the individual rats or any rating the functional recovery outcome of the two fractionated-
for the restored motor function unrelated to the hindlimb. radiation protocols as determined by statistical analysis,
Using this rating scale: the restored hindlimb motor the Mann–Whitney test, and by comparing the distribution
function related to weight-support observed in each of the profiles of degree of recovery in the two-treatment groups.
irradiated cordotomized rats is equivalent to locomotor The distribution of degree of recovery into a low (1–2.9),
score 9 [1]; whereas, the hindlimb motor function in medium (3–4.9), and high (5–7) score in the 20.4 Gy- and
cordotomized untreated rats equals a locomotor score of 24.2 Gy-treated groups was 29%: 57%: 14% and 25%:
about 2 (this, due to local reflex activity at the distal cord) 50%: 25%, respectively.
[2]. Thus, according this rating scale, the degree of An additional observation of the study is that by using
functional recovery in all our treated rats is identical, dose-fractionation vs. single-dose protocols the incidence
equivalent to seven locomotor scores of the BBB rating of functional recovery was increased from 55 to 100%
scale [1]. (Fig. 5). All rats (n515) that were treated with the dose-

Here, to assess and gain an insight into the range of fractionated protocols regained some hindlimb motor
degree of hindlimb motor recovery related to weight- recovery related to weight-support (Fig. 5). In contrast, as
support when in stance we have used an arbitrary cumula- reported previously [24], only 6 of the 11 cordotomized
tive 7-point scoring scale: three points were assigned to rats that were treated with the single-dose protocols
three muscle groups (hip, thigh, and shank) involved in regained some hindlimb motor recovery related to weight-
each hindlimb weight support function, and one point was support (Fig. 5). Statistical analysis, Mann–Whitney test,
assigned to the muscles involved in elevation of the base shows that these fractionated radiation protocols are sig-
of the tail off the ground (Fig. 5). Using this scoring nificantly (0.005.P.0.001) better than the single-dose
‘scale’, the lowest degree of restored weight support in the protocol in promoting functional recovery.
irradiated rats was a score of 2 (Fig. 4B) and the highest
was a score of 7 (Figs. 2C and 3xA); other intermediate 3.3. Wound healing by fractionated radiation
levels can be seen in Fig. 4C–E. The degree of hindlimb
weight-support of the individual rats at about 4–5 months The lesion sites were examined at the end of the
postinjury was scored and summarized (Fig. 5) by examin- experiment in the fixed cord tissues macroscopically (Fig.
ing the videotaped behavior records of each of the rats. 2) and microscopically in the tissue sections. A few of the
According to this assessment, about half (7 /15) of the lesion sites were also examined in vivo by MRI, in rats

Fig. 5. Degree and incidence of restored weight support in the different treatment groups. Plotted are: individual scores of the hindquarters’ weight support
in each of the cordotomized and differently treated rats (bars) which were assessed by examining the rats’ individual videotaped behavior records. An
unirradiated group (n56), and three irradiated groups receiving: fractionated-doses, 20.4 Gy/6 (n57) or 24.2 Gy/11 (n58); or a single-dose, 20 Gy
(n511) (the data for the single dose were obtained previously [24]). The incidence of recovery was 100% in the two fractionated-dose groups and 55% in
the single-dose group. Scoring: a cumulative 7-point scoring was used to quantify the degree of hindlimb motor recovery related to weight-support /
elevation of the hindquarters in stance. In this scoring, 3 points are assigned to each hindlimb for weight-support by 3 muscle groups: 1 – hip-thigh
muscles, plantar foot placement; 1 – thigh-shank muscles, positioning of knee; 1 – shank-heel muscles, positioning of ankle; and 1 point is assigned for
elevation of the base of the tail off the ground. A partial weight-support in any of the last three muscle groups was scored as 1 /2 a point.
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that were maintained more than a year after the injury (Fig. recovery was neither uniform nor maximal, the data also
3B and xB). Analysis of the lesion site at the cord both ex indicate that there is room for improvement, primarily in
vivo and in vivo showed that in the control unirradiated achieving a complete, normal wound healing.
rats a continuous large cavity was formed (Figs. 2B and Our structural analyses both in vivo and in the fixed
3B). The size of the wound gap appears to vary with time tissue suggest that the radiation protocols used in this study
postinjury; for example, the wound gap in two fixed cords enabled partial wound healing. The complications in
that were harvested at different times after injury reached a wound healing in the injured spinal cord are linked to the
size of about 3 mm by 10 months postinjury and a size of inadequate re-vascularization at the lesion site
about 8 mm by 21 months postinjury (in cords seen in Fig. [4,17,35,38]. The reasons for the failure of the blood
2B and Fig. 3B, respectively). MRI scans in vivo of the vessels to reinstate a normal blood supply in the damaged
lesion site suggest that tissue decay is much more exten- spinal cord are still unknown. Nevertheless, in some
sive than observed macroscopically in the fixed tissue. In studies, the astrocyte has been implicated to have a
the same untreated severed cord, the cavitation measured detrimental role in the fate of the newly formed blood
in vivo about 14 mm (Fig. 3B) and in the fixed tissue vessels (e.g., Refs. [19–21]). Thus, we speculate that the
about 8 mm. Similar extent of pervasiveness of degenera- strategy of cell elimination enabled the reforming blood
tive processes at the lesion site was noted in other studies vessels to reinstate a normal blood supply in some portions
(e.g., Refs. [12,13]). For example, in a study which of the damaged cord. Since our previous data show that
examined the wound area 4 months after complete transec- gliosis can be reduced during the period 2–3 weeks after
tion in rat spinal cord the cavity was about 2–3 mm in the injury [22,23], it is assumed that distributing the radiation
fixed tissue whereas the abnormal area in the cord as seen therapy throughout the entire critical time window, e.g., a
in vivo in the MRI scans measured about 10–12 mm [13]. 10-day period starting on day 12 after injury, might yield a

In contrast to the untreated rats, in all the irradiated rats better and uniform degree of wound repair.
tissue decay was prevented (Figs. 2C and 3xB) and In assessing the degree of functional recovery, it needs
structural continuity was restored (Fig. 3xB) to varying to be emphasized that the experimental conditions were
degrees; macroscopically, the lesion site showed partial to extremely harsh, thus a priori reducing the extent of
substantial wound healing. Histological analysis of serial structural and functional repair, and that the regenerating
tissue sections showed that none of the treated cords axons do not necessarily reach their normal target, thus
regained a complete structural continuity throughout the resulting in abnormal circuitry and some meaningless
entire volume of the lesion site, as obtained previously in function. For example, apart from being cut, the cord is
11.5% of the partially (|75%) severed spinal cords also surrounded by and pulled out with a suture to assure
[23,24]. MRI analysis of the lesion site in the irradiated its complete severing. Further, the exposed cord in the
cords, 17 months postinjury, suggests that the degenerative absence of the protecting bony structure (due to the
processes and tissue decay were prevented for the most laminectomy) is subjected, after wound closure, to chronic
part by the radiation therapy. However, the localized high compression by the adjacent muscles. Because of these
signal at the lesion site (Fig. 3xB) which could be experimental conditions it is plausible that some of the
indicative of chronic inflammation suggests a deficiency/ descending tracts regenerate better than other tracts leading
complication in the wound healing process which either to preferential recovery of certain motor functions. For
was not corrected by the radiation therapy or was sec- example, it is plausible that in the rat the corticospinal tract
ondarily caused by tethering and compression of the cord due to its central location, at the ventral portion of the
by adjacent tissues. dorsal funiculus [7], is less subject to physical pressure and

regenerates ‘better’ than other tracts that run at the
circumference of the cord. Consequently, the restored

4. Discussion circuitry for the most part would be abnormal, which may
explain the lack of recovery of any coordinated locomo-

This study shows that fractionated radiation can facili- tion.
tate wound healing and motor function recovery following Radiation therapy is a preventive procedure in that it
transection injury in adult mammalian spinal cord. Our eliminates a key player in triggering the onset of patho-
data also show that the incidence of inherent natural repair, genesis in spinal cord injury. However, unlike the circum-
both structural and functional, is maximized when employ- venting /corrective therapeutic strategies [6,9,11,14,18,
ing radiation protocols similar to those used in a clinical 26,30,31,33,36], which could be employed for treating
setting. These data imply that dose-fractionation is more chronic spinal cord injuries, this preventive therapeutic
effective in eradicating the cells that abort the natural strategy can be used only within a very limited window of
repair than the single-dose radiation, suggesting that the opportunity after injury. It seems that radiation therapy
strategy of eliminating inhibitory cells could be developed could be used also in conjunction with abating therapies
into a bona fide therapeutic procedure for repairing the that reduce the secondary damage, e.g., clinical use of
injured spinal cord. However, because the degree of methylprednisolone to reduce inflammation immediately,
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