
387R. Siebold et al. (eds.), Anterior Cruciate Ligament Reconstruction,  
DOI 10.1007/978-3-642-45349-6_35, © ESSKA 2014

35.1            Causes for ACL 
Reconstruction Failure 

35.1.1     Incidence of Failure 

 The incidence of failure after anterior cruciate liga-
ment reconstruction (ACLR) is highly dependent on 
the failure defi nition. Failure after ACL reconstruc-
tion can be defi ned as need for revision ACLR, 
unsatisfactory outcome scores in objective or sub-
jective clinical outcome instruments like the 
Lysholm and International Knee Documentation 
Score, excessive knee laxity above a specifi c level 
(typically 5 mm side-to- side increased objective lax-
ity), or continuous subjective knee instability. Since 
revision ACLR is not performed on all patients with 
insuffi cient knee stability or poor subjective out-
come after ACLR, then the revision rates after 
ACLR underestimate the true failure rate. Recent 
ACL revision rates based on data from national reg-
istries have found a revision rate of 4 % after 5 years 
[ 31 ] (Fig.  35.1 ). Even though the revision rate after 
ACL reconstruction appears to be relatively low in 
the range of 4–5 % after 5 years, a higher proportion 
of ACL reconstruction procedures are presently 
revision procedures. Data from national registries 
have shown that approximately 10 % of all ACL 
procedures are revision procedures [ 20 ,  30 ].

35.1.2        Failure Mechanisms 

 The main causes for ACL reconstruction failure 
are new trauma, technical failure, concomitant 
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ligament instability, and biological failure. The 
term biological failure is poorly defi ned and 
covers mainly unknown causes for failure 
(Table  35.1 ). A recent French multicenter study 
investigating descriptive data of ACL revision 
in 293 patients demonstrated that the main 
causes for ACL graft failure were femoral tun-
nel position (36 %), new trauma (30 %), and 
unknown cause (15 %) [ 52 ].

35.1.2.1       New Trauma 
 The main reason for failure of ACL reconstruc-
tion is a new trauma. New trauma has been esti-
mated to be the cause for ACL graft failure in 
approximately 35 % of cases. [ 31 ,  59 ] 

 In 80 % of cases, the new trauma occurs 
during sports activities. In some pivoting sports 
like team handball, the risk for reinjury after 
ACL reconstruction is very high in the range of 
25 % [ 37 ].  

35.1.2.2     Technical Failure 
 Recent focus on the anatomy of the ACL inser-
tions and the possibility to perform more anatom-
ical correct ACL reconstructions have revealed 
that previous techniques resulted in suboptimal 
tunnel placement especially in the femur, where a 
tendency to a vertical tunnel placement was a 
standard until a decade ago (Fig.  35.2 ). Both too 
vertical and anterior placement of the tunnels in 
femur will result in impingement against the pos-
terior cruciate ligament, which will over time 
result in graft tissue stretching and fretting, which 

can lead to new instability. In the tibia a too ante-
riorly placed tunnel will result in impingement 
against the roof of the intercondylar notch, and 
this is another possible failure mechanism caused 
by graft impingement. Excessive graft tension 
exerted during surgery has been demonstrated to 
result in poor graft ligamentation and subsequent 
increased graft laxity [ 60 ]. The implants used for 
graft fi xation in the bone tunnels can also be a 
cause for failure. Ligamentation and anchorage 
of the graft to the tunnel wall near the joint nor-
mally result in graft incorporation within 
3–6 months, so insuffi cient implant fi xation will 
normally result in early failure. Normal graft 
loading during rehabilitation can result in forces 
up to 500 N, so a fi xation method needs to with-
stand forces of this magnitude [ 50 ].

35.1.2.3        Biological Failure 
 Biological failure is often defi ned as an exclusion 
diagnosis. If no obvious new trauma or surgical 
errors exist, a biological failure of some kind 
must be the reason for failure. However, the bio-
logical response of the grafted tissue is related to 
the mechanical and biochemical environment 
into which the graft is placed. Thus, the “biologi-
cal failure” of the ACL graft is a complex patho-
logical entity, and its nature is not insuffi ciently 
understood. Biological failure mechanisms can 
be early extensive graft necrosis, disturbances in 
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  Fig. 35.1    Survival of ACL graft after primary ACL 
reconstruction. Kaplan-Meier survival profi le for 14,878 
patients from a national cohort followed for up to 6 years       

   Table 35.1    Causes for ACL reconstruction failure 
 leading to revision ACL reconstruction as described 
in the literature   

 Cause for 
revision 
in % 

 Lind et al. 
(2012) [ 29 ] 

 MARS 
Group 
(2010) [ 57 ] 

 Trojani et al. 
(2011) [ 51 ] 

 New trauma  38  32  30 
 Femoral 
tunnel 
position 

 24  19  36 

 Tibial tunnel 
position 

 6  9  11 

 Tunnel 
widening 

 2 

 Unknown 
cause 

 24  24 
(biologic) 

 15 

 Fixation 
failure 

 5  5 
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revascularization, and poor cell repopulation and 
proliferation that lead to late or insuffi cient liga-
mentization process [ 34 ]. When using allograft 
tendons for ACLR, an adverse immune reaction 
can play a role for graft disruption especially for 
irradiated graft that seems to be able to induce a 
more extensive immune response than nonirradi-
ated allografts [ 9 ]. 

 Tunnel widening following anterior cruciate 
ligament (ACL) reconstruction is a well- 
described phenomenon [ 6 ,  9 ,  55 ]. The basis of 
tunnel widening is multifactorial with several 
possible mechanical and biological contributing 
factors [ 22 ]. Suspensory graft fi xation results in a 
more elastic graft construct and may contribute to 
the so-called bungee effect, which has been sug-
gested to contribute to tunnel widening 
[ 11 ,  22 ,  38 ]. Tunnel widening is more frequent 
when using cortical fi xation techniques, such as 
button fi xations or fi xation posts, compared to 

joint-near fi xation methods [ 11 ]. Suspensory fi x-
ation methods in which there is excessive elastic-
ity of the graft fi xation implants can result in poor 
ligamentization in the bone tunnels. Continued 
adverse mechanical loading between graft and 
bone tunnel can subsequently lead to tunnel wid-
ening. Also resorbable implants can cause cystic 
bone resorption around the implants due to acidic 
degradation products that are released during 
implant degradation [ 9 ,  10 ,  36 ]. 

 There is however no direction correlation 
between increased laxity after ACLR and tunnel 
widening.  

35.1.2.4     Concomitant Lesions 
 Failure to identify and treat injuries to collateral 
ligaments and PCL can cause increased loads on 
the ACL graft after reconstruction. Posterolateral 
instability is the most commonly unrecognized 
concurrent ligament insuffi ciency and is seen in 
10–15 % of chronically ACL-defi cient knees [ 12 ].    

35.2     Management of Patients 
with ACLR Failure: History, 
Clinical Symptoms, X-Ray, 
MRI, and CT 

35.2.1     History 

 Careful patient evaluation is very important for 
proper planning and treatment of failed ACL 
reconstruction. Probably the most important step in 
the revision surgery is the preoperative planning. 
This is to avoid repetition of the failures related to 
the primary ACL reconstruction. Patient activity 
level and symptom characteristics after primary 
ACLR should be determined. Subjective com-
plaints of failed ACLR may include instability sen-
sation, pain, swelling, giving way, locking, noise, 
stiffness, or a limp. It is important to distinguish 
between pain and instability symptoms. All past 
operative records should be carefully reviewed for 
information about the previous intra-articular inju-
ries and treatments. Regarding the previous ACLR 
it is important to know the type of graft, placement 
of graft, and graft fi xation techniques and the 

  Fig. 35.2    Anterior-posterior radiograph of a patient with 
a vertical un-anatomical placement of the femoral tunnel. 
The metal interference screw is seen positioned at the 12 
o’clock position       
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implants used. Physical examination should 
include assessment of knee effusion, range of 
motion, and detailed ligamentous laxity examina-
tion. Gait and alignment should be noted. Any val-
gus or varus deformity should be noted and possibly 
further evaluated by full extremity radiography. 
A varus or valgus thrust can indicate concomitant 
laxity of the medial or posterolateral corner. Such 
instabilities can be evaluated by valgus and varus 
stress tests and rotatory tests such as the dial test. 
Clinical fi nding of collateral instabilities can fur-
ther be evaluated by stress radiographs where a 
side-to-side difference in joint space opening can 
indicate a signifi cant collateral ligament insuffi -
ciency which should be addressed in a revision pro-
cedure [ 27 ]. Objective tests of ACL laxity include 
the anterior drawer and pivot-shift tests. 
Instrumented laxity examination is benefi cial, and 
results can be compared with previous examina-
tions. A side-to-side laxity difference of more than 
5 mm has been defi ned as failure of ACLR [ 54 ].  

35.2.2     Imaging 

 The primary investigation is radiographs in two 
or three planes. These are used to determine the 
presence and location of hardware. Secondly the 
radiographs reveal tunnel placements and tunnel 
widening. Tunnel widening can be measured as 
the diameter between the sclerotic margins of the 
bone tunnel [ 26 ] (Fig.  35.3 ). On lateral radio-
graphs sagittal tibial tunnel position at the tibial 
plateau can be divided from anterior to posterior 
in four equal quadrants as described by Amis and 
Jakob [ 1 ]. The tibial tunnel should enter the joint 
in the posterior third of quadrant 2. For the femo-
ral tunnel, Blumensaat line can be divided into 
four equal quadrants, and the tunnel should be in 
the most posterior quadrant [ 2 ]. On frontal radio-
graphs the tibial tunnel should be in the center of 
the tibial plateau, and the femoral tunnel should 
be between 40° and 70° from central 
vertical axis.

  Fig. 35.3    Anterior-posterior and lateral knee radiographs of a patient with signifi cant both femoral and tibial tunnel 
widening after hamstring ACL reconstruction.  Arrows  indicate the tunnel walls       
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   Magnetic resonance imaging (MRI) is a use-
ful adjunct to the radiological evaluation. MRI 
scanning can determine the integrity of the recon-
structed ACL and evaluate the status of cartilage 
and menisci. 

 A CT scanning can supplement evaluation of 
bone tunnels and tunnel widening and gives more 
detailed information than the standard radio-
graphs. It is recommended to use supplementary 
CT scanning if radiographs demonstrate poten-
tially problematic tunnel positions or tunnel wid-
ening. 3D reconstructions may further add to the 
information retrieved from CT scannings espe-
cially to identify the tunnel entrances to the joint 
and to identify possible new tunnel placement 
(Fig.  35.4 ).

35.3         Surgical Tactics for Revision: 
Removal of Implants and 
Assessment of Bone Tunnels 

 When planning revision ACL reconstruction, the 
surgeon should have access to a variety of tech-
niques to deal with malpositioned tunnels, bone 
loss, tunnel expansion, and implants needing 
removal. When all informations are available, 
decisions can be made with respect to timing, 
removal of old fi xation devices (special removal 
instruments must be available), graft choice, tun-
nel placement, graft fi xation, single- or two-stage 
technique. To avoid failure of the ACL revision, 
the patient must be carefully “educated” to 
 prevent early return to sport or pivoting activities. 

  Fig. 35.4    3D reconstruction CT scanning is ideal to identify tunnel position and tunnel confi gurations prior to revision 
ACL reconstruction       
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Thus, it is important that the operation is planned 
in a period where postoperative rehabilitation 
period suits the patient’s social life and sports 
activities. 

35.3.1     Timing 

 Before surgery it is mandatory that problems with 
lack of extension and fl exion have been cleared. In 
some cases this is due to arthrofi brosis or infrapa-
tellar contracture syndrome. In these cases 
arthroscopic release procedures and intensive reha-
bilitation must be done prior to revision ACLR.  

35.3.2     Implant Removal 

 If the index tunnels and implants are correctly or 
nearly correctly placed, the screws have to be 
removed. Size and mark of screws used in previ-
ous surgery must be determined, and the appropri-
ate screwdriver must be available for the surgeon. 
Care must be taken to remove any bone ingrowth 
from the inside and around the top of the screw, 
before the correct-sized screwdriver is engaged 
with the screw. The screwdriver has to be as paral-
lel to the screw as possible. Stripping or damaging 
the threads of the screw during either insertion or 
removal may require a more extensive bone 
removal and subsequently a staged operation. In 
case of metallic screws placed in the proximal 
tibial or when there is complete bony overgrowth, 
fl uoroscopy can be very helpful for identifi cation 
of hidden screw position. A trick for screw identi-
fi cation is to use a K-wire and to drill the K-wire 
to the end of the screw using fl uoroscopy. 
Subsequently it is possible to drill with standard 
reamers to expose the end of the screw, which 
then can be removed with minimal bone loss. 

 Changing the angle of drilling and thereby 
avoiding removal of the originally inserted screw 
can often facilitate tibial tunnel preparation when 
a new tibial tunnel is created [ 16 ]. Special atten-
tion should be given to the “absorbable interfer-
ence screws,” which, although radiolucent, may 
require removal even several years postopera-
tively. Poor quality bone tissue might exist around 
bone tunnels in which resorbable implants have 

been placed due to infl ammatory possesses 
occurring during implant resorption. Cystic bone 
resorption has been documented as caused by 
resorbable implants [ 9 ,  10 ,  36 ]. Therefore, it is 
advisable always to remove such implants during 
revision ACLR procedures.  

35.3.3     Tunnel Placement 

 Probably the most common technical failure of 
ACL reconstructions is nonanatomical femoral 
and tibial tunnel placement. Previous standard 
operative technique for ACLR has been to place 
the ACL graft in a near upright position in the 
femur to accommodate the use of femoral offset 
guides during transtibial ACLR techniques 
(Fig.  35.2 ). Only recently rediscovery of anatom-
ical ACLR principles has changed tunnel place-
ment to more correct anatomical positions 
especially in the femur. Regarding tunnel place-
ment at primary ACLR, there are principally 
three situations to be considered. 

35.3.3.1     Primary ACLR with 
Well-Placed Tunnels 

 Well-positioned tunnels with no enlargement can 
be reused, and routine fi xation methods can nor-
mally be applied. In case of mild tunnel widening 
or osteolysis, a graft with a large bone plug may 
be used, which typically will be an allograft. For 
femoral tunnel widening a technique using a con-
ical bone plug placed from outside-in has been 
described. With this technique only press-fi t fi xa-
tion is necessary. Another option in the femur is 
to use double interference screw fi xation to fi ll up 
an oversized tunnel [ 39 ,  44 ]. On the tibia side, a 
large interference screw can be used to fi ll the 
tunnel or an allograft can be used with the bone 
plug sized to the enlarged tunnel diameter. If    
there is any doubt of the bone quality in the tibia, 
backup fi xation with bicortical screw and washer 
is recommended. In cases with acceptable tunnel 
placement, old hardware is removed, and the drill 
hole is debrided and redrilled by stepwise increas-
ing reamer diameter until a clean bone tunnel is 
achieved. Straight reamers may be preferred 
 relative to acorn reamers to avoid possible drill 
migration or drifting. One method for insurance 
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of drill direction is to drill the K-wire into the 
femoral notch roof during the sequential drilling. 
Another is to stabilize the tip of the K-wire with 
an instrument during drilling. Use the arthro-
scope to look up in the drill hole to make sure that 
old graft tissue, sutures, and implant remnant are 
removed and that sclerotic bone is removed from 
the tunnel walls (Fig.  35.5 ). In these cases it is 
normally necessary to increase the graft size from 
the fi rst to the second operation.

35.3.3.2        Primary ACLR Operation with 
Malpositioned Tunnels 

 If a tunnel is clearly malpositioned, a new drill 
hole can be made through a different approach to 
obtain a tunnel with more correct anatomical 
position. In these cases old hardware can be left 
in situ to optimize the compactiveness of the sur-
rounding bone for the revision fi xation proce-
dure. If new tunnels can be placed without 
confl uence of malpositioned index tunnels, rou-
tine fi xation can be used depending on graft 
choice and surgeon’s experience. However, if the 
surgeon suspects weakened cancellous bone and 
thereby reduced fi xation strength, extra cortical 
fi xation may be considered. This extra fi xation 
can in the femur be a hybrid fi xation principle 
with cortical button and an interference screw if 
soft tissue graft is used. Combining a metal inter-
ference screw with a bicortical fi xation post in 
the distal femur can enhance femoral fi xation of 

grafts with a bone plug. In the tibia a backup fi xa-
tion with a bicortical screw and washer can be 
combined with any intraosseous fi xation implant.  

35.3.3.3     Primary ACLR with Partly 
Malpositioned Tunnels 

 It is important to emphasize that a correct tunnel 
placement has little to do with the intraosseous 
placement or angulations. More important is the 
entry point of the tunnel in the joint. In cases of 
partially malpositioned tunnel placement, there 
are options to avoid staged procedures. It is how-
ever important to understand that increased tun-
nel obliquity results in increased tunnel ovularity 
and opening area. 

 In case of a partially posterior tibial tunnel, it 
is possible to correct this by shifting the tibial 
tunnel 2–3 mm anterior during the reaming and 
debridement of the primary tunnel. During graft 
fi xation an interference screw is placed posterior 
to the graft and close to joint entry to ensure that 
the graft heals to the anterior aspects of the new 
tunnel. A similar principle can be used for par-
tially anterior tibial tunnel, where the tunnel 
instead is shifted posteriorly and the screw is 
placed anterior to the graft. Care should be taken 
during screw placement in these cases since the 
anterior screw position can cause fracture to the 
anterior cortex. Also the tunnel length is short in 
the anterior aspects of an anteriorized tunnel so 
that the tip of the screw might enter the joint 

a b c

  Fig. 35.5    Sequential drilling is essential for tunnel 
preparation in revision ACL reconstruction. In the ( a ) 
panel a metallic interference screw has been removed. 
In panel ( b ) reaming has been performed with an 8 mm 
reamer. In panel ( c ) reaming has been performed with a 

10 mm reamer. The bone tunnel is now clean with fresh 
cancellous bone in tunnel wall. In the lower deep part 
of the tunnel, cortical remnants of the bone block from 
the patella bone autograft used at index surgery are 
visible       
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space causing graft impingement or cartilage 
damage to femur joint surface. In the femur the 
typical problem with a partially malplaced tun-
nel is a tunnel that is moderately high in the 
notch but where preparation of a new tunnel 
might result in communication to the old tunnel 
during drilling. In such cases hardware in the old 
can be replaced by a composite bioresorbable 
screw or a PEEK screw. These screws can accept 
minimal damage during drilling of the new tun-
nel. It is advisable to use a composite resorbable 
screw containing hydroxyapatite calcium phos-
phate since these screws resorb very slowly and 
integrate well with surrounding bone, which will 
maintain bony integrity around the revision fem-
oral bone tunnel [ 42 ]. 

 Fluoroscopic imaging can be a valuable tool 
during revision ACLR procedures both for hard-
ware removal and for optimization of tunnel 
positioning.   

35.3.4     Revision After 
Double-Bundle ACLR 

 The recent focus on double-bundle ACLR will in 
the coming years lead to an increasing number of 
patients that need revision of failed double- 
bundle reconstructions. Revision in these cases 
exerts special challenges since we lack experi-
ence with the problems created of having four 
tunnels that need revision. The issue of having 
two tunnels in both the tibia and femur will make 
single-stage revisions more diffi cult. The safest 
option will be to choose a staged procedure with 
initial bone grafting of all four tunnels. An option 
for single-stage approach will be to perform a 
single-bundle revision of the anteromedial ACL 
bundle after fi lling the posterolateral tunnels with 
cortico-cancellous allograft plugs or allograft 
screws.  

35.3.5     Concomitant Ligament 
Lesions 

 As previously mentioned, several cases of graft 
failures are caused by overload of the graft due to 
concomitant ligament lesion not detected at the 

time of the primary reconstruction. Isolated revi-
sion of the torn ACL graft without restoration of 
other ligament insuffi ciencies might lead to a new 
graft failure due to overtensioning, which can 
cause lack of graft incorporation in the bone tun-
nel and poor intra-articular tissue ingrowth and 
revascularization. Also concomitant ligament 
insuffi ciency can result in graft rupture due to new 
episodes of giving away when the patient returns 
to sports. Thus, it is advisable that concomitant 
ligament lesions with laxity of more than IKDC 
grade 3 and 4 should be reconstructed at the time 
of the ACL revision procedure. Standard collat-
eral ligament reconstruction techniques should be 
used [ 28 ,  61 ]. Especially if rotatory instability is 
present in combination collateral ligament insta-
bility. Rotatory instability can be detected clini-
cally by dial test and external and internal rotatory 
tests [ 32 ].  

35.3.6     Rehabilitation 

 The postoperative rehabilitation protocol depends 
on a variety of factors. Important surgical factors 
to consider include the type of graft used, fi xation 
stability, concomitant reconstruction of second-
ary stabilizers, and any meniscal or cartilage 
pathology. Patient considerations include age, 
activity level, size, compliance, and expectations 
of the patient. The rehabilitation can in most 
cases follow the principles for primary ACL 
reconstruction. However, if the graft fi xation 
strength is not optimal, a more restrictive reha-
bilitation regimen must be used. The use of 
braces in ACL surgery is controversial and is still 
under debate with respect to primary ACL recon-
struction [ 58 ]. Risberg et al. found in a random-
ized controlled trial (RCT) no difference between 
use and nonuse of braces in primary ACL recon-
structions [ 3 ]. No RCT has been described in 
revision ACL surgery. However, biomechanical 
investigations indicate that braces can reduce 
load on the reconstructed ACL graft in both 
weight-bearing and non-weight-bearing situa-
tions. In the noncomplicated revision situations, 
brace usage is probably not indicated. In cases of 
poor bone quality and suboptimal graft fi xation, 
a brace and reduced range of motion for 4–6 weeks 
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can be used to ensure reduced graft loading dur-
ing the initial phases of graft healing. In cases 
where valgus or varus instability has been treated 
with collateral ligament reconstruction, the use of 
brace is needed in the period where the graft 
undergoes revascularization and incorporation to 
bone tunnel (6–10 weeks) [ 4 ,  53 ].   

35.4     Indication for One- or 
Two- Stage Revision 

 The primary indication for considering revision 
ACLR is recurrent knee instability after previous 
ACLR. If the patient complains of reoccurrence 
of sudden knee failure and sensation of sublux-
ation, then these symptoms are signs of graft fail-
ure, which potentially can be managed with a 
revision ACLR. Pain and problems with range of 
motions after ACLR are not necessarily corrected 
by a revision ACLR and should therefore be eval-
uated and treated independently. There is good 
evidence in the literature that a revision ACLR 
can restore knee stability to almost the same level 
as a primary reconstruction [ 29 ,  31 ]. However, 
symptoms and function and patient’s subjective 
perception of knee functions are poorer than after 
primary ACLR [ 29 ,  31 ]. Indications for staged 
surgery should be reserved to cases where the 
quality of bone either at the joint entry points or 
in the fi xation zones in the tibia or in the lateral 
femoral condyle is too poor to perform a one- 
stage revision ACLR with proper tunnel place-
ment and secure graft fi xation. Another indication 
is in cases with partly incorrectly placed bone 
tunnels, where the new graft position cannot be 
corrected by redrilling combined with graft bone 
block position or fi xation implant positioning. In 
the fi rst situation, insuffi cient graft fi xation and 
potential poorer graft incorporation can lead to 
new mechanical failure. In the latter situations, a 
one-stage procedure probably would result in a 
repetition of the failure due to the same poor graft 
position that resulted in failure after the primary 
procedure. To avoid the above-mentioned prob-
lems, a staged procedure is necessary. 

 Staged revision ACLR involves in the fi rst 
stage procedure removal of all hardware, 
 debridement, and redrilling of the old tunnels 

with oversized drill diameter to remove sclerotic 
bone in the tunnel wall and subsequently autolo-
gous or allogenic bone transplantation in both 
femoral and tibial drill holes. Normally bone 
allograft is used as either milled bone chips or 
bone plugs drilled out from a femoral head. The 
bone graft tissue is subsequently compressed 
into the debrided tunnels. Autologous bone graft 
is normally harvested from the iliac crest. The 
second stage operation is performed 4–6 months 
later when the bone graft has been incorporated 
in the bone tunnel. A CT scanning is performed 
prior to the second stage procedure to ensure 
proper incorporation of the allograft bone in the 
tunnels (Fig.  35.6 ). A signifi cant advantage at the 
second stage procedure of revision ACLR is that 
the construction typically can be performed like 
a primary reconstruction.

   However, since studies have indicated that 
increased time to revision correlates with devel-
opment of radiographic arthritis and meniscal and 
chondral lesions, the surgeon must use caution 
when deciding for a 2-stage procedure when a 
1-stage procedure may be suffi cient [ 40 ]. A 2-stage 
revision normally requires a 4- to 6-month window 
between procedures. This will subject patients to 
a prolonged period of continued knee instability, 
which may result in further cartilage and menis-
cal injury to the involved knee. Two- stage proto-
cols also require a second anesthetic and further 
periods of activity modifi cation. When possible, 
preference should be given to a 1-stage procedure 
in all situations in which adequate placement and 
fi xation of the graft can be achieved.  

35.5     Graft Choice and Surgical 
Technique (Table  35.2 ) 

    A major surgical strategy issue is which graft to 
choose for revision ACLR. In the literature there 
is very sparse evidence for which graft type pro-
vides the best outcome. The choice primarily 
stands between autografts and allograft. The 
choice of graft depends on which grafts have been 
used at the index surgery and on the placement of 
tunnels and tunnel size after debridement. Also 
the previous fi xation method has to be taken into 
consideration during the planning along with the 

35 One-Stage Revision: Danish Approach



396

suspected reason for failure of the previous graft. 
Other factors of importance are patient’s age, 
general health, activities of daily living, and spe-
cifi c sports demands postoperatively [ 44 ]. In the 
literature there is a tendency to favor autografts 
over allograft. This strategy is supported by a 
recent study based on a national cohort of revi-
sion ACLR patients demonstrating a twofold 
increase in failure rate for revisions performed 
with allografts compared to autografts [ 31 ]. 

 If the primary surgery was performed with 
a hamstring graft and the tunnels are placed 
acceptable, the preferable graft choice would be 
to use ipsilateral patella-tendon-bone or a quad-
riceps tendon graft with dimensions of the bone 
plugs cut to match the size of the bone tunnels. 
After hamstring graft primary surgery, the  typical 

a b

c d

  Fig. 35.6    Standard 
radiographs of a patient with 
tibial ( a ) and femoral ( b ) 
tunnel widening. The patient 
was treated with a staged 
revision ACL reconstruction. 
After bone grafting a CT 
scanning was performed 5 
months later to confi rm 
proper bone tunnel fi lling and 
incorporation of the bone 
graft in the tibia ( c ) and 
femur ( d )       

   Table 35.2    Technical tricks and pearls   

 Removal of screws 
hidden in bone 

 Blindly drill K-wire to identify 
screw location. Then sequentially 
drill hole for removal of screw 

 Graft translation in 
partially 
malpositioned bone 
tunnels 

 Position graft fi xation implant so 
that the graft is translated in the 
needed direction 

 Tunnel widening  Healthy bone tissue is typically 
found 1–2 mm earlier than the 
sclerotic bone margins seen on 
radiographs. Await staging 
decision until after bone 
debridement 

 Partially 
malpositioned 
tunnels 

 Reusage of partially 
malpositioned tunnel induces a 
risk for poor graft positioning 
and graft impingement. A low 
threshold for staged procedure is 
a good strategy in these cases 
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 tunnel issues are moderate tibial tunnel widen-
ing (up to 12 mm) and posterior tibial tunnel 
placement due to transtibial technique at primary 
surgery. A graft with bone plugs can be fi tted 
into tunnels with moderate tunnel widening or 
misplacement. A moderately posteriorly placed 
tibial tunnel can be corrected by ensuring that 
the tunnel is redrilled 2–3 mm anteriorly. With a 
bone plug in the new tibial tunnel, the graft can 
be shifted anteriorly by placing the tibial interfer-
ence screw posterior to the bone plug. In cases 
where the index surgery was with patella tendon 
bone graft and the tunnels are placed acceptable, 
the use of hamstring grafts from either the ipsilat-
eral or contralateral side depends on the diameter 
of the tunnels and/or the position of the tunnels. 
In cases of previous patella-tendon-bone graft 
usage, there is typically no tunnel widening as 
the patella-tendon graft bone plugs have been 
integrated into the tunnels. If tunnel widening 
has developed, a 7–9 mm hamstring graft can be 
too small for proper fi lling of the debrided tun-
nels. In these cases an allograft or a staged proce-
dure with initial bone grafting is advocated. After 
bone grafting a problem-free usage of hamstring 
autograft for the second stage procedure can be 
performed. Another typical tunnel placement 
problem due to transtibial technique is a too ver-
tical femoral tunnel placement. Often it is pos-
sible to drill a new femoral tunnel at the correct 
anatomical femoral ACL attachment position 
using drilling through the anteromedial portal. 

 Thus, it might be diffi cult to go from patella 
tendon graft to hamstring graft at revision proce-
dures due to smaller graft diameter of the ham-
string tendons, but more feasible to go from 
hamstring graft to patella-tendon-bone graft. 

 When an autologous tendon graft is planned 
for revision ACLR, the graft must be harvested 
as the last surgical step after determining if all 
the technical steps of the revision can be imple-
mented [ 7 ]. 

 When using allografts for revision ACL sur-
gery, donor site morbidity issues are eliminated, 
but allograft usage adds concerns for bacterial or 
viral contamination from the graft, even though 
these risks are very minimal [ 35 ]. Allografts 
should be used as fresh frozen, because grafts 

treated with irradiation have shown signifi cant 
worse results in recent studies [ 41 ,  45 ]. Allografts 
should not be obtained from too old donors as the 
tendon-to-bone interface weakens with increas-
ing patient’s age [ 56 ]. The preferred allografts for 
revision ACL surgery are patella tendon bone 
grafts, quadriceps tendon grafts, and Achilles 
tendon grafts, but also soft tissue graft such as 
tibialis tendon grafts can be used. Both deep fro-
zen and cryopreserved allografts have been 
shown to repopulate with host cells and to rein-
nervate with nerve fi bers (A fi bers, afferent, and 
efferent C fi bers) [ 19 ,  48 ]. Both allografts and 
autografts provide a fi brous framework for new 
ligamentous healing. Maximal tensile strength of 
allografts is less than that of autografts, but stron-
ger than the native ACL if the diameter of 
allograft is suffi cient [ 46 ,  47 ]. Due to these bio-
mechanical issues, it is advisable to use allografts 
with a diameter of 10–11 mm. When using 
allografts, it is imperative that the surgeon is 
knowledgeable with graft processing techniques 
and the Tissue Banks certifi cation. In the setting 
of multi-ligament reconstructions, in which also 
revision ACLR is performed, allograft tissue can 
diminish surgical time and associated surgical 
site morbidity. Also allografts might be the only 
options since potential autografts might have 
been used at the  primary ACLR. 

 Use of the contralateral knee graft is an option, 
especially in situations where allograft tissue is 
unavailable. In some European countries, legal 
issues prevent the use of allograft tissue. A major 
issue with contralateral graft usage is the potential 
introduction of donor site morbidity to a healthy 
knee. Patella tendon harvest is associated with 
more donor site morbidity than hamstring harvest 
with a higher incidence of anterior knee pain and 
kneeling problems [ 24 ,  25 ]. If contralateral graft 
harvest is necessary, it is advocated to harvest 
hamstring grafts instead of patella tendon graft. 

 Presently there is no documentation for a 
place for synthetic grafts in revision ACLR [ 17 ]. 
Recently a new synthetic graft type, the Ligament 
Advanced Reinforcement System (LARS), has 
gained some popularity in selected countries. 
This synthetic graft has advantageous mechani-
cal properties and could therefore be an option 
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for revision ACLR for athletes with high demands 
for knee function. However, the literature is still 
limited regarding outcome and complications 
[ 33 ]. The poor history of previous synthetic ACL 
grafts should lead to caution about usage of syn-
thetic grafts for revision ACLR. 

 Graft choice in revision ACLR surgery is 
therefore based on detailed knowledge of the his-
tory of the previous surgery, tunnel placement, 
bone quality, and the availability of grafts and on 
the surgeon’s experience and preferences. An 
algorithm for management strategy can be seen 
in Fig.  35.7 .

35.6        Pitfalls and Complications 

35.6.1     Technical Pitfalls (Table  35.3 ) 

    Numerous potential technical pitfalls exist when 
performing revision ACLR. 

 In cases of anteriorly placed tibial tunnels 
where revision is performed without staging, 
there is a potential risk for fracture of the anterior 
tibial cortex if the new tibial fi xation screw is 
placed between the graft and the anterior tibial 
cortex wall. This technique can be used to correct 
the graft position into a more posterior direction, 
but care must be taken when placing the fi xation 
implant to avoid cortical fracture which can result 
in long-term pain problems and fi xation failure. In 
the similar situation where a screw is used to 
 correct graft position in an anteriorly positioned 
tunnel, there is a risk for screw protrusion into the 
joint since the anterior aspects of the tibial tunnel 
are shorter than the average tunnel length. Thereby 
a screw length and tunnel length mismatch can 
occur. Recently there has been a trend to drill 
more horizontal tibial tunnels for transtibial sin-
gle-bundle ACL reconstruction in order to be able 
to reach the anatomical insertion area when drill-
ing the femur tunnel. Care should be taken to 

Revision ACL reconstruction

Decision algorithm

Preoperative Assessments

Decision making tunnels

History: Instability development, new trauma
Previous surgery: Grafts, implants, other patology
Objective examination: Alignment, ligament stability
Radiograph: Tunnels, Alignment, Arthrtis
MRI: Graft status, Cartilage, menisci
Tunnelwidening > 12 mm, supply with CT scanning

Tunnel placement OK, no widening: re-use tunnels
Tunnel placement OK, moderate widening: re-use tunnels
Femoral tunnel anterior or steep: Redrill tunnel via AM portal
Tibial tunnel poor: Drill new tunnel anatomically
Tibial tunnel moderate poor: Redrill and orient graft with
bone plug anatomically

Tunnels not correctable:
Tunnels > 12 mm;

Staged surgery
Staged surgery

Tunnel pos. OK, no tunnelwid.:      Autograft and redrill tunnel
Tunnel pos. OK, mod. tunnelwid.:   Allograft with bone plugs

Primary hamstring graft:   Use BTB or Quadriceps Autograft

Use > 9 mm graft to fill redrilled tunnels
Allograft usage : No autografts available,

Decision making grafts

Decision making implants

Good bone quality Tunnel placement OK: Any implant
Poor bone quality Tunnel placement OK: Cortical fixation
Previous tunnelwidening: Avoid resorbable implants
Moderate tibial tunnelwidening: large diameter IF screw

  Fig. 35.7    Algorithm for revision ACL surgery       
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reuse such tunnels during ACL revision proce-
dures. Redrilling of a tunnel just below the medial 
tibial plateau might result in too extensive removal 
of subchondral bone with subsequent medial tib-
ial cartilage collapse as a complication. 

 When performing tunnel bone transplantation 
in staged procedures, an easy solution is just to 
remove the screw and then only transplant the 
screw cavity. This typically results in poor bone 
quality in the proximal and joint-near part of the 
tibial tunnel. It is therefore advisable to debride 
and transplant the entire tunnel during staged 
procedures.  

35.6.2     Complications and Failure 
After Revision ACLR 

 Only two studies have studied large enough 
cohorts of revision ACL patients to determine 
reliable failure rates. In a national cohort 
 re- revision occurred in 5.4 % of cases within 5 
years. In a case series of 126 patients, 6 % were 
re-revised after average 6 years [ 29 ]. Lack of 
improvement of knee stability was seen in 15 % 
of patients, and this failure defi nition was not dif-
ferent from after primary ACLR where 12 % 
demonstrated lack of stability improvement. 
Another important type of failure after revision 
ACLR is chronic pain problems, which can result 
in signifi cant disability. As chronic pain normally 
does not result in re-revision ACLR, the  incidence 

of this complication is poorly described in the lit-
erature. It is thought that the most likely cause for 
chronic pain is the accumulated injuries to carti-
lage and menisci combined with scar tissue for-
mation due to multiple surgeries [ 52 ,  57 ].   

35.7     Literature Results 

35.7.1     Results After Anterior Cruciate 
Ligament Revision Surgery 

 Most of the literature on revision ACL recon-
struction is related to technical aspects of per-
forming revision procedures such as different 
fi xation methods and graft types. The studies 
evaluating the outcome of revision ACL recon-
struction have typically involved small case 
series and therefore have low level of evidence. 
Recently national registries and multicenter 
study collaborations like the Multi-center ACL 
Revision Study group (MARS group) have 
generated study populations that more reliably 
present epidemiology and outcome in relation 
to revision ACLR [ 30 ,  59 ] (Table  35.4 ). Weiler 
et al. compared the subjective and objective 
results after revision ACL minimum of 2 years 
postoperatively to a matched group of patients 
who had primary hamstring ACL reconstruc-
tion. They demonstrated 6.5 % in the revision 
group who experienced graft failure, compared 
to 5.6 % in the primary reconstruction group. 
The manual maximum KT-1000 arthrometer 
side-to-side difference was 2.1 ± 1.6 mm for the 
revision group and 2.2 ± 1.1 mm for the primary 
reconstruction group. The Lysholm score was 
signifi cantly  better in the primary reconstruc-
tion group. The incidence of postoperative posi-
tive pivot-shift test results was not signifi cantly 
 different [ 54 ].

   Recent data from the Danish register for 
ACL reconstruction have demonstrated results 
after revision ACLR for a national prospective 
cohort. Tegner and KOOS scores increased sig-
nifi cantly from preoperatively to postopera-
tively (Tegner score from 3 to 4, KOOS 
symptoms 50–57, KOOS pain 66–77, activity of 
daily living 73–83, KOOS sports 32–51, KOOS 

   Table 35.3    Technical pitfalls   

 Implant 
protrusion 

 Reusage of partially misplaced bone 
tunnels increases the risk of implant 
protrusions 

 Tibial plateau 
collapse 

 Horizontal tibial tunnels established 
when trying to attempt anatomical 
femoral drill hole position can 
undermine tibial plateau when 
debrided further for revision 
reconstruction. Consider staged 
procedure 

 Anterior tibial 
cortex fracture 

 Insert implants with care when placed 
anteriorly to the graft in the tibia 

 Associated 
ligament 
insuffi ciency 

 Be prepared to reconstruct collateral 
ligament if found to be insuffi cient 
during the procedure 
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quality of life 32–47) [ 30 ]. The 1-year follow-
up outcome after RACLR was poorer than after 
primary ACLR by 5–13 points for the different 
KOOS subscales with the quality of life sub-
score being the most different compared to pri-
mary ACLR. 

 In cases of new instability due to failure of the 
primary ACL reconstruction, revision surgery 
can result in regained stability to a level similar 
to after primary ACLR [ 23 ,  29 ,  31 ]. No high- 
evidence studies have been published, but sev-
eral case–control studies demonstrate improved 
stability and function after revision surgery 
[ 5 ,  8 ,  21 ]. Eberhardt et al. showed that 67 % were 
able to return to sports activity, but 63 % had pain 
at activity, and 63 % showed signs of osteoarthri-
tis 37 months after revision surgery compared to 
pre-op radiographs [ 8 ]. The risk of osteoarthritis 

was signifi cantly higher if the athlete continued 
sports activity [ 8 ]. 

 Comparing revision surgery to primary 
ACLR, Carson et al. found signifi cantly lower 
Hospital for Special Surgery knee ligament eval-
uation score 2 years after surgery (case–control 
study design) [ 5 ]. In a similar retrospective study, 
Grossmann et al. reported follow-up Lysholm 
score and subjective IKDC score minimum of 6 
years after revision to be 87 and 86, respectively 
[ 21 ]. Furthermore the authors reported marked 
higher side-to-side knee laxity difference based 
on KT-1000 measurements when using allograft 
compared to autograft [ 21 ]. Similar fi ndings of 
inferior outcome after revision ACL reconstruc-
tion were found in two national cohort studies 
with lower scores in knee-specifi c outcome score 
and function scores [ 18 ,  31 ]. One of the two 

   Table 35.4    Clinical outcome after revision anterior cruciate ligament reconstruction in different previous studies   

 Author, year, reference  Study design 
 Number of 
patients 

 Follow-up 
(years)  Outcome measure 

 Results at 
follow-up 

 Noyes et al. (2001) [ 39 ]  Cohort  54  2.7  Cincinnati  87 
 Taggart et al. (2004) [ 49 ]  Case series  26  1–5  Lysholm  85 

 Tegner  4.8 
 Fules et al. (2003) [ 14 ]  Case series  26  4.2  Lysholm  87 

 Obj. IKDC  B 22/26 
 Grossman et al. (2005) 
[ 21 ] 

 Case series  27  3–9  Lysholm  87 
 Tegner  5.2 

 Lind et al. (2012) [ 29 ]  Case series  128  2–9  KOOS  Symp 72 
 Tegner  Pain 76 

 ADL 82 
 Sports 50 
 QoL 52 
 Tegner 4 

 Wright et al. (2011) [ 59 ]  MOON cohort  39  2  IKDC score 76 
 Re-revision 4 % 

 Lind et al. (2009) [ 30 ]  National registry  222  2  KOOS  Symp 75 
 Tegner  Pain 77 

 ADL 83 
 Sports 51 
 QoL 47 
 Tegner 3.9 

 Lind et al. (2012) [ 31 ]  National registry  1,099  1–6  KOOS (1 year)  Symp 73 
 Tegner  Pain 78 

 ADL 84 
 Sports 52 
 QoL 48 
 Tegner 4 
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national cohort studies also demonstrated more 
osteoarthritis development in revision patients 
compared to primary ACLR patients. The 2- to 
11-year follow-up results after revision ACL uti-
lizing a nonirradiated patellar tendon allograft 
were less favorable than in patients who had a 
primary anterior cruciate ligament reconstruc-
tion, with a lower subjective satisfaction level 
and a higher percentage of patients with grade 1+ 
or higher pivot-shift results [ 13 ]. Similar fi nding 
was done in a national cohort of 1,099 patient, 
with a doubled re-revision rate for allograft revi-
sions [ 31 ]. 

 Using the quadriceps tendon for revision 
 surgery, good results were reported mean 26 
months after surgery with 97 % showing 
 max-manual KT-1000 side-to-side translation 
<5 mm [ 15 ]. 

 Any concomitant injuries to the knee will 
affect the results after revision surgery. Rollier 
et al. demonstrated inferior functional outcome if 
initial ACLR was done with a synthetic ligament 
and the knee presented meniscal or cartilage 
damage [ 43 ]. 

 A recent study demonstrated a cumulative 
meniscus lesion incidence of 70 % after 2.5 years 
follow-up after ACL revision. They demonstrated 
that meniscectomy negatively infl uenced both 
functional outcome and knee stability. This accu-
mulated incidence of meniscus and cartilage 
injuries in ACL revision patients is a likely con-
tributing cause for case of chronic pain after ACL 
revision [ 51 ]. 

 Data from the American MARS cohort dem-
onstrated current or previously treated meniscal 
injury in 74 % of patients. Articular cartilage 
damage grade 2 or worse was noted in 73 %. 
Both meniscal and articular cartilage damage 
was seen in 57 % [ 57 ]. 

 In conclusion, secondary instability after pri-
mary ACL surgery can be treated with revision 
surgery, resulting in improved stability and func-
tion. However, the results are poorer after revi-
sion ACLR than after primary ACLR. Use of 
allograft results in similar knee function com-
pared to autograft but inferior stability and a 
higher risk of failure due to re-revision. 
Concomitant lesion will negatively infl uence the 

pain and knee scores. Return to sports activity 
can be expected in approximately 60 %, but with 
signifi cantly higher risk of osteoarthritis.       
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