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Abstract

Objective- To determine the effect of the transcutaneous electrical neural stimulation on healing of
hip joint cartilage defect in rabbit.

Design- Experimental in vivo study.

Animals- 12 adult New Zealand rabbits were used.

Procedures- Under effective the right femoral head wis subluxated and the maximum accessible
cartilage wus denuded up io subchondral bone using denial bit in each rabbit. Then rabbits were
divided into two groups of control( [) with no treatment and treatment group{ II} which were
subjected to Transcutaneous Elccirical Neural Stimulation on 3™ day with frequency of 100 Hz
and 80 ps intensity daily for 10 minutes in 14 days, having 6 rabbits cach. These groups further
were subdivided mto 2 subgroups of 3 rabbits each with duration of one. and three months. The
sainples were collected for histomorphological study on day 30 and 90 days which were stained with
H&E stan.

Results- The samples did not show any local reaction on denuded surface in control group: where
as, the fibrous tissue in the central defect, with progression ol the healing tissue to fibro cartilage as
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healing progressed up to 3 months in freated ones. Preliminary results indicate an increased
stimulation of the repair tissue, as evidenced by total healing of three of the experimental defects
with fibro cartilage as compared to the control specimens.

Conclusion and Clinical Relevance- TENS as a physical method of therapy is quite effective in
cartilage healing and induces faster remodeling of fibro cartilage fibers.
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Introduction

“he combination of relatively low cellularity, avascularity, a dense multilayer extra celliular
matrix, and the unavailability of stem cells leaves cartilage with little to no reparative potential.
In the immature individual, chondrocytes have shown an innate ability to replicate in the lamina
splendors layer. The chondrocyte response to superficial lesions is very different from its
response to deep lesions, where the subchondral bone has also been violated, thus allowing for a
“fibrin clot" formation. Superficial lesions have been shown in animal models to exhibit limited
regeneration potential. These are lesions that do not allow access to the blood borne nutrients and
stem cells of the subchondral bone's medullary canall Meachum'” showed cartilage necrosis,
apoptosis, and loss of the extra cellular matrix, specifically proteoglycans, after superficial
lacerations of articular cartilage in rabbits. Furthermore, D'.ima and coworkers’ showed that
34% of cells near the margins of the laceration undergo apoptosis, and approximately 24 hours
after injury, the remaining cells exhibit an increase in mitotic activity. Approximately 6 months
after the injury, the bone is healed and the cartilaginous portion of the defect is filled with a
mixed histologic pattern of fibro cartilage and some hyaline cartilage. This dcfect, however,
usually fails to restore the articular surface.” The size and age of the patient are all factors that
have been shown to affect the outcome of our body's limited abitity to repair and regenerate
osteochondral defects.™ " As the healing of cartilage depends upon many factors,* but the
regeneration of native articular cartilage after insult has not been replicated using physical
modality like transcutaneous electrical neural stimulation in the laboratory animal model, like
rabbit The role of electrical stimulation in cartilage-healing is unclear, and further definition of
parameters as well as testing in a wider variety of experimental and clinical settings is required.

Materials and Methods

This study was perforimed in accordance with the Islamic Azad University, Sciences and
Research Center's law on animal experimentation and this research project was approved by the
Specialized Faculty of Veterinary Sciences Research Councils. All rabbits were treated
accordingly to animal welfare legal regulations. Twelve adult male New Zealand rabbits with
body weights ranged from 3.540.45 kg and above 6 months of age were submitted to
orthopedic surgery under effective anesthesia using combinations of acepromazine (1mg/kg 1.1m),
ketamine (35 mg/kg i.m) and xylazine (5mg/kg i.m). ). The right femoral head was subluxated
and the maximum accessible cartilage was denuded up te subchondral bone using dental bit in
each rabbit then the capsule was sutured with nylon 5/0. The animals were divided into two
groups of control{ I ) with treatment and second treatment group( 11) which were 3rd day was
subjected to Transcutaneous Electrical Neural Stimulation on 3rd day with frequency of 100 Hz
and 80 ps intensity daily for 10 minutes in 14 days, then further they were subdivided into 2
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subgroups of 3 rabbits each with duration of |, and 3 months. Post-operative treatment included,
antibiotics {(penicitlin G procaine 40000 1U/kg i.m bid) dexamethasone 0.6 mg/kg, Vitamin
B.Complex 0.2 mg/kg and tramadel hydrochloride (5 mg/kg 1.m bid) were administered for 5
post-operative days. All rabbits were pharmacologically euthanized by direct intracardiac
injection of thiopental sodium 10 % at the end of 30 and 90 days, and . The full head of right
femoral bone was collected and stored in the 10% buffered solution of formalin and then stained

with H & I stain.
Results

The control group samples did not show any
connective tissue reaction on denuded surface on
subchondral bone after 3 months, (Fig 1.) whereas the
repair response in treated group consisted of fibrous
tissue in the central defect, with progression of the
healing tissuc to fibro cartilage as healing time
progressed up to to 3 months. The defect margins
exhibited some cellular prohferation and matrix
production, and an occasional specimen displayed
encroachment of proliferating hyaline cartilage from
the margins of the defect (Fig 2). The specimens
treated with TENS showed an increase in marginal
cellular response, as evidenced by increased
proliferation and matrix production. These findings
were compatible with the 1mage created by serial
sectioning of the specimens and evaluation with light
microscopy. The repair response was noi totally
efficient, however, as revealed by the lack of total
healing with articular cartilage (Fig 3).

Figure 1. Partially denuded femoral head
at 3 months.Osteochondral spongy bone
(arrow) without hyaline cartilage with little
sign of normal left over cartilage. No sign
of repair was observed (H & E X160).

Figure 2. Treated fcmoral head at 3 meonths Figure 3. Treated femoral head at 3 monihs
.Ostcochondral  spongy bonc (arrow) covered with Osteochondral sponcy bone (arrow) covered with
collapen fibers with fibroblasts cells wath sign of normal collagen fibers { ¢) and with fibroblasts cclls(b) on
hyaline cartilage lefi over on the subchondral bane (H & fhe subchendral bone  (H & E X040).
L X160).
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Preliminary results indicate an increased stimulation of the repair tissue, as evidenced by total
healing of three of the experimental defects with fibro cartilage as compared to the control
specimens. Work with these TENS is currently being continued as an attempt (o define electrical
parameters and techniques that will allow consistent enhancement of total repair of articular
cartilage defects. TENS as a physical method of therapy 1s quite effective in cartilage healing and
induces faster remodeling of fibro cartilage fibers.

Discussion

Attempts to enhance the intrinsic healing potential of cartilage have traditionally been [ocused on
recruiting pluripotential cells from the bone marrow by penetrating the subchondral bone or
providing a mechanical, electrical, laser, or other stimulus for healing . More recently the use of
biocactive agents such as growth factors and cytokines, somctimes in combination with scaffolds
on which healing can be structured, has been investigated articular chondrocyies reside n an
avascular environment and do not usually effect healing when damage to the joint surface is
limited to the layer of cal‘tilage.m‘“ Many investigators have atlempted to stimulate cartilage-
healing by drlling, abrading, or producing so-called micro fracturcs in the subchondral
bone.'"" " All of these techniques have in common the goal of recruiting pluripotential stem
cells from the marrow by penetration of the subchondral bone with their own specific limitations.
In this study, non- invasive method using TENS with bearable 1ntensity recruiting of fiberblast
and collagen at the site of denuded cartilage was achieved. Meacham and Roberts performed a
number of perforations in each defect in twenty-one knees of adult male rabbits afier the knees
had been denuded of cartilage.'” For as long as two years afier the procedure, the cartilage never
fully healed, and cven complete covering of the denuded bone with noncartilaginous tissue was
ravely seen ,but in this study within three ronths there were trace of fibrocatilage tissue
covering denuded area without having any site effect using TENS, but there was no trace of fibro
cartilage formation in the control group in which total femoral head cartilage was denuded It has
been reported that larger denuded area needed much more time for recruiting chondrocyte 10
shape hyaline cartilage provided the joint to have normal range of movement."'*"” Salter and
his co}ieaguesl8 demonstrated that healing of articular cartilage was enhanced in rabbits by the
postoperative use of continuous passive motion. In this trial all rabbits had free and active
movement without lameness, which could have been additional micro-movement to stimulate the
remaining cartilage on femoral head surface to show reaction in form of fibro cartilage or even
hyaling cartilage formation. But Salter reported in one series, multiple (four) small (one-
millimeter) drill-holes were made in one knee of each rabbit; after four weeks, healing with
predominantly hyaline cartilage was seen 1n 60 percent of the forty defects in ten adolescent
rabbits and in 44 percent of the forty defects in ten adult rabbits that had been treated with
continuous passive motion, whereas such healing was seen in 10 percent or fewer of the defects
in rabbits that had had postoperative immobilization in a cast or had been allowed free movement
in their cages."”"” Subsequent studies showed that, although continuous passive motion enhanced
cartilage-healing, the effect was much less pronounced in defects that were larger than three
millimeters in diameter.”**" Electrical stimulation for cartilage-healing has not received as much
attention as has electrical stimulation for fracture-healing.**** Lippiello et al. demonstrated
slightly improved healing of cartilage defects in the knees of rabbits after treatment with pulsed
direct current.”™*"*® Maximum efficacy was seen after four hours of exposure per day. Baker et
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al. reporied that electrical stimulation improved healing, but their sample sizes (three or fewer per
Zroup’ were insufficient.”® More importantly, the effect was not scen in the articular defects but
rather in the surrounding cartilage. At present, efforts to induce healing and regeneration of
cartilage are being directed toward enbancing the natural healing potential of cartilage or
replacing the damaged cartilage with tissues or cells that can grow ca11ile1ge.?°’30 These
approaches have shown promise, but they are still far from reliable and are not sufficiently
versatile to be employed in many clinical settings. Autogenous graft, allograft, osteochondral, use
of matrix, beside application of laser and elcctrical stimulation for repairing and regeneration of
cartilage should be considered investigational until they can be proved in rigorous clinical trials,
which, ideally, should be randomized, controlled, and blinded.

References

. Meachum G, Roberts C. Repair of the joint surface from subarticular tissue in the rabbit
knee. J Anat 1974:109: 317-327.

2. Meachum G. The effect of scarnfication on articular cartilage in the rabbit. J Bone Joini
Surg 1963;45-B:150-161.

3. D'Lima DD, Hashimoto S, Chen PC, et al. Impact of mechanical trauma on matrix and
cells. Clin Orthop Relar R 2001;3918: 90-99.

4. Johnson LL. The sclerotic lesion: pathology and the clinical response to arthroscopic
abrasion arthroplasty. In: I'wing JW, ed. Articular Cartilage and Knee joint function.
Basic science and arthroscopy. New York: Raven Press, 1990; 319-333,

5. Buckwalter J, Roseberg L, Couts R. et al. Articular cartilage: injury and repair. In Woc
SL-Y, Buckwalter JA, eds. lnjury and repair of the musculoskeletal soft tissues. Park
Ridge, Ill: American Academy of Orthopaedic Surgeons, 1988; 465-482.

6. O'Driscoll SW, Delaney JP, Salter RB. Experimental patellar resurfacing using periosteal
autografts: Reasons for failure. Trans Orthop Res Soc 1989; 14:145-149.

7. Wakitani S, GotoT, Pineda SJ, et al. (Mesenchymal cell-based repair of large, full-
thickness defects of articular cartilage. .J Bone Joint Surg Am 1984; 76:579-592.

8. Campbell CJ.The healing of cartilage defects. Clin. Orthop.1969; 64: 45-63.

9. Meacham G. The effect of scarification on articular cartilage in the rabbit. J Bone Joini
Surg Br 1963;45:150-161.

10. DePaima AF, McKeever CD, Subin DK.Process of repair of articular cartilage
demonstrated by histology and autoradiography with tritiated thymidine. Clin Orthop
Relat R 1966;48:229-242.

1. D'Lima DD, Hashimoto S, Chen PC, et al. Impact of mechanical trauma on matrix and
cells. Clin Orthop Relat R 2001:391(suppl):590-899.

12. Bae DK, Joon KH, Song SJ. Cartilage healing after microfracture in osteoarthritis knees.
Arthroscopy 2006;22:367-374.

I3. Mitchell N, Shepard N. The resurfacing of adult rabbit articular cartilage by multiple
perforations through the subchondral bone. J Bone Joint Surg 1976;58-A: 230-233.

4. Rae PJ, Noble J. Arthroscopic drilling of osteochondral lesions of the knee. J Bone and
Joint Surg 1989;71-B:534-539.

Ljvs Vol.: 2 No.: 5 Year: 2007 7]



72

15.

17.

18.

19.

24.

25.

26.

27.

28.

30.

Salter RB. The biologic concept of continuous passive motion of synovial joints. The first
18 years of basic research and its clinical application. Clin Orthop Relat R 1989;242:12-
25.

. Shimizu T, Videman T, Shimazaki K, et al. Experimental study on the repair of full

thickness articular cartilage defects: Lffects of varying periods of continuous passive
motion, cage activity, and immobilization. ./ Orthopaed Res 1987;5:187-192.

Van Royen BJ ,0Driscoll SW, Dbhert, WJA. A comparison of the effects of
immebilization and continuous passive metion on surgical wound healing in mature
rabbits. Plast Reconstr Surg1986;78:360-368.

Salter RB, Simmonds DF, Malcolm BW, et al. The biological effect of continuous passive
motion on the healing of full-thickness defects in articular cartilage. An experimental

investigation in the rabbit. J Bone Joint Surg 1980; 62-A:1232-1251.

Behrens F, Kraft F, Oegema TR Ir. Biochemical changes in articular cartilage after joint
immobilization by casting or external fixation. J Orthopaed Res 1989,7:335-343.

. O'Driscoll SW, Keeley FW, Salter RB. Durability of regenerated articular cartilage

produced by free autogenous periosteal grafts in major full-thickness defects in joint
surfaces under the influence of continuous passive motion. A follow-up report at ene
year. J Bane Joint Surg 1988;70-A:595-606.

. O'Driscoll SW, Delaney JP, Salter RB. Experimental patellar resurfacing using periosteal

autografts: Reasons for failure. Trans Orthop Res Soc 1989; 14:145-149.

. Deltton A, Strube M, Shulman A. A study of discomfort with electrical stimulation. Phys

Ther 1992:2: 410-424,

. Lavine L, Grodzisky A. Current concepts review. l:lectrical stimulation of bone repair. ./

Bone Joint Surg 1987; 69-A.626-630.

Lippiello L, Chakkalakal D, Connolly IF. Pulsing direct current-induced repair of
articular cartilage in rabbit osteochondral defects. J Orthopaed Res 1990;8: 266-275.
MacGinitie LA, Gluzband YA,Grodzinsky AJ. .Electric field stimulation can increase
protein synthesis in articular cartilage explants. J Orthopaed Res 1994;12:151-160.

Leo K, Dostal W, Bossen D. Effect of transcutaneous electrical nerve stimulation
characteristics on clinical pain. Phys Ther 1986;6:200-205.

Lippiello L, Chakkalakal D, Connelly JF. Pulsing direct current-induced repair of
articular cartilage in rabbit osteochondral defects. J Orthopaed Res 1990;8: 266-275.
Baker B, Spadaro J, Marino A, et al. Electrical stimulation of articular cartilage
regeneration. .dnn NY Acad Sci 1974;238:491-499.

. Janqueira LC, Cameiro J. Basic histology.11" ed. OH: McGraw hill's Access Medicine

2005; 323-329
O’Driscoll SW. The healing and regeneration of articular cartilage; current concepts
review. J Bone Joint Surg 1998; 80A:1795-1812.

Jjvs Vol.: 2 No.: 5 Year: 2007



AR S

75 Olls bl js qrac (S SI OIS o0 SIS (059069 50500 (s3]
oS > 0 6N Jae By il

t ¥ R . e \
GQL‘MB G}Qﬁqlﬁﬁs ""‘“’9""“’6-'5‘?“‘@'1"‘6““-’L“L~";~’3{Cﬂ{5ﬂgﬂojla.‘5ﬁ¢? -
= .- A
ey aadd agle euSliils | >l 0y F
OlplOlad s Dliasd g pgle anls oot ST oISl

. . & oa - AL a - P &7
EQ!)_J ‘Q')'?H ‘U‘)‘Q" cl_ﬂ....:b «_‘>’§“"/"‘°'Q a_\S_..._;L) .Lsfbl.i_an)o [°5‘1'C 03)5
N L. o 1 =¥ =T
itsg_.'bﬂ_,cb aand P?LC sasiisls u,‘“"l""“" H.A_M)" °3)S 3 ‘5>!)_> °3)S
BUNLIR PN VS SGH FIESS SN PSS TR B IS T I L S B

9 0 OGN hade By rad o2 Dlals sl o (S SN OIS, 20 DI ) e

w75 allas —asllas 7 e

o ® o e 5 p,ThS TR F0 (3 L saidjssi of5 5 Wl e g 5 o VY~

S Ll i gty el 5 o T oo 4 I 50n aslS Sl soliid bl s 5 S i,
S 9y 2 Sy s A5 AU s 4l sle ammle gl laz g ) S U Lade g5, 5 S dbml b (g
o g ol enea i kb aled ke By ad Sglais 38 5l eolitl b aus T sll S8 Y, Jake oluls e
23 ol oS o o0 Sllss Wad e 055 2 o T 2 P L leyd g SS90 ap Sl anl 105 ety
ailie; Sleyo Cod el VY Slam leys 0,8 Dlles Wl i 09,5 13 58 50 s )5 an b asle an g anls S5 0y )5
o5 oS Gige ans,d Jsae ¥ b oo PS80 moas s HZ 100 Ll 5L aado Ve cius w (S oS0 OIS, o0
i Perat dak ol (B Gged 5oy N g T o il ey UL jo s S5 el Gleyy g, g 1 S
88 I psSy See (ol oo sl s GeleSgilen gy b sieel S35 5 (8 alblie dgg jlaar g s S

22 a5 )ge s S eaalie ol Gledial p il et (55, (280 STy aigSon alliae 550 sk ys gl
Ay )5 edalice (293 G9sf g (Feware? Sldshe Lol O gla il jhe (S SIS 2 b ey 08
003,55 oaalie S 03,8 0 o ol gy S0 A IS peicn S S gk s anl L IS g,
o3 oo Syt el o See o (Shs 0 (Sond lepa sy e lse a (St S o0 - ol 3 )5 g (6 ez
33,5 g pad (6 d SLIgilusl ig) 0w pd o Wl

oy S ke gt S S -5l S

LIS Vol.: 2 No.: 5 Year: 2007 73





