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 Abstract 
 
The effectiveness of electrothermal shrinkage for the anterior cruciate ligament (ACL) 
deficient knee was evaluated.  There were fourteen patients in the study, with nine native 
ligaments, one patellar tendon graft and four quadrupled hamstring tendon grafts.  All 
patients with a native ligament were found intraoperatively to have greater than 50% 
continuity of their ACL, and those with a prior reconstruction were found to have 
anatomically appropriate tunnel positions.  The patients were treated with radiofrequency 
thermal shrinkage and followed prospectively for an average duration of 18.9 months.  .  
At the time of surgery the laxity was chronic (as defined as greater than three months 
duration since injury) in all but one of the patients.  The pre-operative KT-1000 
arthrometer side-to-side difference averaged 5.9 mm of translation, with an immediate 
post-operative change to an average of 1.3 mm.  There were only two failures in the 
study.  Failure was defined as the requirement of re-operation to achieve a stable knee, or 
a side-to-side difference of greater than 5mm.  Our study shows that it appears that in a 
select population, thermal shrinkage can be an appropriate surgical alternative to 
reconstruction. 
 
 
Using heat as a mode to modify tissue is not a new concept.  Heat is the resultant of 
molecular friction that occurs when an ionic current is passed through the tissue.  This 
ionic current is caused by the electromagnetic energy applied to the tissue from the 
radiofrequency probe.  An alternating current occurs between the application probe and 
the grounding plate (as with a monopolar design) or between the tips of a bipolar 
designed probe (1,2).   
 
The composition of the anterior cruciate ligament is known to be primarily type 1 
collagen with highly ordered and heat labile bonds and it has also been established that 
with age these heat labile bonds become replaced with multivalent crosslinks (5) 
 
The net effect of the radiofrequency energy is dependant on a number of variables.  These 
include the wattage used, the duration of treatment, as well as the electrode type.  The 
main goal is to expose the desired tissue to a temperature of approximately 65 0 C for the 
duration of time required to shrink less than 20 % of the tissue.  A temperature greater 
than 60 0 C is required to break the heat sensitive bonds and unwind the quaternary 
structure of the ligament (7,8).  The net result is a randomly ordered, contracted collagen 
mass. This then serves as scaffolding for the reactive fibroblasts from neighboring tissue 
to initiate the repair process (12).  However the temperature should be achieved quickly 



and remain only for the desired treatment interval, as once 45 0 C is obtained cell death 
occurs (9,10).   
 
Wall et. al. showed that if greater than 20 % of shrinkage occurs the tissue will elongate 
beyond its preshrinkage state, despite achieving a desired contracted length (3).   One 
way to achieve an adequate shrinkage amount without surpassing the 20 % ceiling is to 
use a grid pattern method, instead of a painting technique.  In a grid pattern more native 
tissue remains viable and therefore faster healing and recovery occurs (4).   
 
It has been shown that the tissue modification continues to occur for upwards of 12 
weeks, and therefore a protected period of rehab is imperative to the eventual outcome 
(6).  Hayashi et al showed that immediately post shrinkage the amount of collagen 
synthesis was only 64% of normal, but this increased to 196% of normal by day 14 and 
eventually normalized by day 30 (11). 
 
 The purpose of our study was to prospectively evvaalluuaattee  tthhee  eeffffeeccttiivveenneessss  ooff  
eelleeccttrrootthheerrmmaall  sshhrriinnkkaaggee  ffoorr  tthhee  aanntteerriioorr  ccrruucciiaattee  lliiggaammeenntt  ((AACCLL))  ddeeffiicciieenntt  kknneeee..    
  
  MMaatteerriiaallss  aanndd  MMeetthhooddss  
  
AAllll  ppaattiieennttss  tthhaatt  wweerree  eexxaammiinneedd  ffoorr  aann  uunnssttaabbllee  kknneeee  aanndd  wweerree  ssuubbsseeqquueennttllyy  ddiiaaggnnoosseedd  aass  
hhaavviinngg  aa  ddeeffiicciieenntt  AACCLL  ffrroomm  AAuugguusstt  11999988  uunnttiill  OOccttoobbeerr  22000011  wweerree  ccoonnssiiddeerreedd..  •• Clinical 
evaluation by the senior author showed a positive lachman and pivot shift.  In addition 
the ACL laxitiy was confirmed with an increase in excursion as measured by the KT-
1000 arthrometer (MEDmetric Corp., San Diego, California).  There were fourteen 
patients in the study, with nine native ligaments, one patellar tendon graft and four 
quadrupled hamstring tendon grafts..    TThhee  ppaattiieennttss  wweerree  ffoolllloowweedd prospectively for an 
average duration of 18.9 months.  At the time of surgery the laxity was chronic (as 
defined as greater than three months duration since injury) in all but one of the patients.  .  
AAllll  ppaattiieennttss  wwiitthh  aa  nnaattiivvee  lliiggaammeenntt  wweerree  ffoouunndd  iinnttrraaooppeerraattiivveellyy  ttoo  hhaavvee  ggrreeaatteerr  tthhaann  5500%%  
ccoonnttiinnuuiittyy  ooff  tthheeiirr  AACCLL  aanndd  tthhoossee  wwiitthh  aa  pprreevviioouuss  rreeccoonnssttrruuccttiioonn  wweerree  ffoouunndd  ttoo  hhaavvee  
aannaattoommiiccaallllyy  aapppprroopprriiaattee  ttuunnnneell  ppoossiittiioonnss..    AA  ssttrriicctt  ppoosstt--ooppeerraattiivvee  rreehhaabb  pprroottooccooll  wwaass  
ffoolllloowweedd  ((ttaabbllee  11))  
 

  
Table 1Table 1  
 
  Post-Operative Routine 

• FWB and ROM early on 
••  RRoouuttiinnee  AACCLL  ssttrreennggtthheenniinngg  
••  FFuunnccttiioonnaall  bbrraaccee  33//1122  
••  RReettuurrnn  ttoo  ssppoorrttss  33--44//1122  

oo  FFuullll  RROOMM  
oo  SSttaabbllee  
oo  EEqquuaall  ssttrreennggtthh  

 



OOuuttccoommee  wwaass  ddeeffiinneedd  aass  tthhee  rreeqquuiirreemmeenntt  ooff  rree--ooppeerraattiioonn  ttoo  aacchhiieevvee  aa  ssttaabbllee  kknneeee,,  oorr  aa  
ssiiddee--ttoo--ssiiddee  ddiiffffeerreennccee  ooff  ggrreeaatteerr  tthhaann  55mmmm..  
  
  RReessuullttss  
  
TThhee  ppaattiieenntt  pprrooffiilleess  aarree  ssuummmmaarriizzeedd  iinn  ttaallee  22,,  wwiitthh  tthheeiirr  rreessuullttss  ssuummmmaarriizzeedd  iinn  ttaabbllee  33..    
OOuurr  ppaattiieenntt  ppooppuullaattiioonn  mmoossttllyy  ccoonnssiisstteedd  ooff  cchhrroonniicc  tteeaarrss  iinn  tthhiirrttyy  yyeeaarr  oolldd  rreeccrreeaattiioonnaall  
aatthhlleetteess..    TThheerree  wwaass  eeqquuaall  nnuummbbeerr  ooff  mmaalleess  aanndd  ffeemmaalleess  wwiitthh  tthhee  aavveerraaggee  aaggee  aatt  tthhee  ttiimmee  
ooff  ooppeerraattiioonn  bbeeiinngg  3333..44..    OOnnllyy  oonnee  ppaattiieenntt  hhaadd  ssuurrggeerryy  iinn  tthhee  aaccuuttee  ppeerriioodd  ((aass  ddeeffiinneedd  aass  
ssuurrggeerryy  wwiitthhiinn  tthhrreeee  mmoonntthhss  ooff  iinnjjuurryy))..  The pre-operative KT-1000 arthrometer side-to-
side difference averaged 5.9 mm of translation, with an average response to thermal 
shrinkage of 4.6 mm, making the post shrinkage side-to-side difference an average of 1.3 
mm..  AAtt  llaasstt  ffoollllooww  uupp  tthhee  SSSSDD  eeqquuaall  aann  aavveerraaggee  ooff  22..11  mmmm..  
  
Table 2 Table 2 
  
  
  
  
  
  
  
  
  
  
  
  
  
 

  

5.9 6.6 5.2 KT 

4 2 2 ST/G 

1 0 1 PT 

9 5 4 Native 

13 6 7 Chronic 

1 1 0 Acute 

TotalsFemaleMale 

 
TThheerree  wweerree  ttwwoo  ffaaiilluurreess  iinn  tthhee  ggrroouupp..    OOnnee  wwiitthh  aann  iinniittiiaall  ggrreeaatt  rreessuulltt  aanndd  ssuubbsseeqquueenntt  
rreettuurrnn  ttoo  ffuullll  rreettuurrnn  ttoo  ssppoorrttss,,  wwhhoo  wweenntt  oonn  ttoo  rruuppttuurree  wwhhiillee  ppllaayyiinngg  ssoocccceerr,,  aanndd  aannootthheerr  
wwhhoomm  nneevveerr  rreeaallllyy  rreessppoonnddeedd  wweellll  ttoo  tthhee  ssuurrggeerryy..    PPlleeaassee  rreeffeerr  ttoo  ffiigguurree  11..  
  
OOuurr  rreessuullttss  sshhooww  tthhaatt  rraaddiiooffrreeqquueennccyy  tthheerrmmaall  sshhrriinnkkaaggee  iiss  aa  vviiaabbllee  ooppttiioonn  ffoorr  AACCLL  
ddeeffiicciieenntt  kknneeeess,,  aass  lloonngg  aass  tthheerree  eexxiissttss  aa  ssiiggnniiffiiccaanntt  bbuunnddllee  iinn  tthhee  ccoorrrreecctt  ppllaaccee..    WWee  hhaavvee  
aallssoo  sshhoowweedd  tthhaatt  aa  ggoooodd  rreessuulltt  ccaann  bbee  oobbttaaiinneedd  iinn  bbootthh  nnaattiivvee  aanndd  rreeccoonnssttrruucctteedd  
lliiggaammeennttss,,  eevveenn  iinn  tthhee  cchhrroonniiccaallllyy  llaaxx  AACCLL..    TThhiiss  iiss  iinn  ccoonnttrraasstt  ttoo  CCaarrtteerr  eett  aall  wwhhoo  ssttaattee  
tthhaatt  tthhee  tteecchhnniiqquuee  iiss  nnoott  ttoo  bbee  uusseedd  iinn  eeiitthheerr  tthhee  cchhrroonniicc  ssttaattee  oorr  iinn  pprreevviioouussllyy  
rreeccoonnssttrruucctteedd  kknneeeess  ((1133))..  
  
  
  
 
 



Figure 1 
 

PPaattiieenntt  11  
  
2244  yy..oo  ffeemmaallee  
 

**NNaattiivvee  kknneeee  
**CChhrroonniicc  llaaxxiittyy  ((ttrreeaatteedd  aatt  55  mmooss..  ppoosstt  
iinnjjuurryy))  
**PPrree--oopp  SSSSDD  77  mmmm  
**PPoosstt--oopp  44  mmmm,,  66//1122  aatt  33mmmm  
**RRee--rruuppttuurreedd  aatt  2233  mmooss..  wwhhiillee  ppllaayyiinngg  
ssoocccceerr  
**WWeenntt  oonn  ttoo  hhaavvee  aa  rreeccoonnssttrruuccttiioonn  

PPaattiieenntt  22  
  

3399  yy..oo  ffeemmaallee  
 

**PPrreevviioouuss  SSTT  rreeccoonnssttrruuccttiioonn  3344  mmooss..  
pprriioorr  ttoo  iinnjjuurryy  

**CChhrroonniicc  llaaxxiittyy  ((ttrreeaatteedd  77  mmooss..  ppoosstt  
iinnjjuurryy))  

**PPrree--oopp  SSSSDD  88  mmmm  

**PPoosstt--oopp  55mmmm,,  3355//1122  aatt  66mmmm  

**CC..CC  iiss  iinnssttaabbiilliittyy  
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Patients 

0 6 9 DS 

-1 4 3 BB 

6 3 8 KM 

1 2 2 KM 

2 2 4 MM 

2 4 3 KG 

1 10 11 LM 

1 6 3 JF 

3 3 9 PL 

2 11 7 SB 

3 3 6 HG 

2 5 4 LD 

4 6 7 WM 

3 1 7 SS 

Last fu 
SSD

Amt Shrunk Pre- 
SSD

 
*SSD = side to side difference as measured on the KT-1000 arthrometer 
 
     



Table 4 
 
Patient Age Sex Mos. To 

Surgery 
Ligament 
Type 
(mos since 
prev. Sx) 

Pre- 
SSD 
KT 

Amt 
shrunk

Post 
SSD 
KT  

FU 

S.S 24 F 5 Native 7 1 3  23/12 
W.M 45 F 3 Native 7 6 4 13/12 
L.D. 31 F 84 Native 4 5 2 10/12 
H.G 45 M 4 Native 6 3 3  10/12 
S.B 20 F 10 STG 

(19) 
7 11 2 21/12 

P.L. 32 M 13 STG 
(37) 

9 3 3 9/12 

J.F. 33 M 10 BPTB 
(22) 

3 6 1 26/12 

L.M. 29 F  Native 11 10 1 16/12 
K.G. 39 M 11 Native 3 4 2 22/12 
M.M. 36 M  Native 4 2 2  19/12 
K.M. 30 F 6 Repair 

1985 
2 2 1  43/12 

K.M. 39 F 7 STG 
(34) 

8 3 6  38/12 

B.B. 35 M 6 Native 3 3 -1 8/12 
D.S 30 M 4 STG 

(8) 
9 6 0  6/12 

Avg 33  13.7  5.9 4.6 2.1 18.9 
 
Discussion 
 
With an understanding of the tissue response to radiofrequency thermal energy and a 
post-operative rehab regimen that coincides with the healing response, ACL shrinkage is 
a good option in a select population.  By no means is it a good choice in a reconstructed 
ligament with improper tunnel placement.  If however, patients are selected with greater 
than 50% bundle of a native graft, and proper tunnel position in a reconstructed ligament, 
retensioning the tissue with thermal shrinkage can lead to good results.  Techniques such 
as grid pattern have been shown by Lu et al to preserve more viable tissue and therefore a 
better healing response as well (4). Another outstanding variable is the use of a 
monopolar versus a bipolar probe.  It appears that a bipolar probe can deliver a controlled 
temperature more precisely than a monopolar probe and therefore more tissue can be 
spared to initiate the healing response.  It is also known that because the response to the 
radiofrequency energy is also a product of time of exposure the probe should not be left 
in one place too long and therefore limits the resultant tissue damage (14). 
In conclusion, with proper patient selection and a 3 – 4 month protected rehab program, 
radiofrequency thermal shrinkage is a good option.  
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	Post-Operative Routine
	FWB and ROM early on
	Routine ACL strengthening
	Functional brace 3/12
	Return to sports 3-4/12
	Full ROM
	Stable
	Equal strength
	
	
	Table 2


	Figure 1
	
	
	Patient 1
	24 y.o female
	Patient 2
	39 y.o female
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