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Abstract

Purpose Anterior cruciate ligament (ACL) ruptures are

common, especially among young athletes, and such inju-

ries may have considerable impact on both sport careers

and everyday life. ACL reconstructions are successful for

most patients, but some suffer from persistent giving-way

symptoms and/or re-ruptures requiring revision surgery.

The aim of this study was to evaluate the results after

revision ACL reconstructions and compare them with the

results in a control group consisting of primary ACL

reconstructions.

Methods This retrospective study included 56 patients

undergoing revision ACL reconstruction and 52 patients

receiving primary ACL reconstructions. The follow-up

evaluation included clinical examination, instrumented

laxity testing, testing of muscle strength, Tegner activity

score, Lysholm score, Knee injury and osteoarthritis

outcome score (KOOS) and radiological grading of

osteoarthritis.

Results The median time from the last ACL reconstruc-

tion to follow-up was 90 months in the revision ACL

reconstruction group and 96 months in the primary ACL

reconstruction group. The revision group had significantly

inferior KOOS and Lysholm scores compared with the

primary group. Patients in the revision group also showed

greater laxity measured with the pivot shift test, a larger

reduction in the Tegner activity score, reduced muscle

strength in the injured knee, and more severe radiological

osteoarthritis; however, no difference in anterior-posterior

translation was found.

Conclusion Inferior results were found on several of the

testing parameters in the revision group compared with the

primary group. Patients should receive this information

prior to revision ACL reconstructions.

Level of evidence III.

Keywords Revision ACL reconstruction � Primary ACL

reconstruction � KOOS � Muscle strength

Introduction

Rupture of the anterior cruciate ligament (ACL) is a serious

injury that may lead to abnormal laxity [22], increased risk

of meniscal lesions [24] and degenerative changes [16, 22,

43]. Patients may experience pain and giving-way symp-

toms during activities of daily living and especially during

sport activities [4, 15]. Patients experiencing such symp-

toms commonly receive ACL reconstructions. The results

after ACL reconstructions are generally good [26, 27, 31],

and patients can typically return to sport or recreational

activities. However, some ACL reconstructions fail and

revision ACL reconstruction is then an option. Since not all

failures undergo revision surgery, the exact rate of failure

is difficult to determine. Studies from the Danish Registry

for Knee Ligament Reconstructions demonstrated a 3 %
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revision rate among primary reconstructions at a 2-year

follow-up [29] and 4 % at a 5-year follow-up [30]. Most

studies involving revision ACL reconstructions report rel-

atively small numbers of patients [17, 21]. Some studies

compare ACL revisions to primary reconstructions [19, 23,

45, 47, 48], but to our knowledge, no other study has

directly compared the functional results of a revision group

to a group of patients with primary ACL reconstructions

concurrent in time. According to previous studies, the

results after revisions seem to be inferior when compared

with the results after primary reconstructions [6, 8, 21, 47].

The purpose of this study was to evaluate the results after

revision ACL reconstruction surgery, compared with the

results of a group of patients undergoing primary ACL

reconstruction concurrent in time. The hypothesis was that

there will be no differences in the results following revision

ACL reconstructions compared with primary ACL

reconstructions.

Materials and methods

Patients who underwent revision ACL reconstructions

(revision group = RG) at Trondheim University Hospital

from 1993 to 2003 were considered eligible for the study.

Patients undergoing primary ACL reconstruction (primary

group = PG) immediately following the revisions in time

were potential controls. The main indication for both the

primary and the revision ACL reconstruction was giving-

way symptoms. All patients were older than 18 years and

skeletally mature with closed epiphyseal lines at the time

of surgery. Patients in both groups were excluded if

they had previously had direct suture of a ruptured ACL,

major knee ligament surgery, extra-articular procedures or

osteotomies, or if any of these procedures were conducted

in the meantime between surgery and follow-up. In addi-

tion, patients in the primary group were excluded if a

previous ACL reconstruction had occurred and the patients

in the revision group if more than one previous ACL

reconstruction was performed. The time from surgery to

follow-up was set to be at least 2 years. A rehabilitation

programme instructed by physiotherapists was imple-

mented in both groups and consisted of immediate knee

movement exercises, full passive extension several times a

day and early weight bearing [18]. Knee braces were not

prescribed for either group following surgery or during

return to sports. Jogging was initiated at the ten- to

12-week time points. Return to sports was allowed after

6 months, provided that knee flexion and extension muscle

strength had been restored and controlled functional

training had been carried out without difficulty. The clin-

ical examination at the follow-up evaluation included range

of motion and laxity testing with the Lachman test, the

pivot shift test and anterior-posterior translation in milli-

metres (mm) with the KT-1000 arthrometer� (MEDmetric,

San Diego, CA, USA). The Lachman test grade zero and

one indicated a negative test and \5 mm anterior dis-

placement compared with the opposite side, respectively,

while grade two and three were C5 mm and no clear

endpoint. The pivot shift test grade zero and one indicated

a negative shift and a glide, respectively, while grade two

or three represented a pivot shift or a gross pivot shift. All

examinations were carried out by one unblinded senior

orthopaedic surgeon. Knee flexion and extension muscle

strength was tested on a Biodex dynamometer� (Biodex

Medical System, Inc., Shirley, NY, USA) by experienced

physiotherapists. In addition, the Tegner activity score

[44], the Lysholm functional score [44] and the Knee injury

and osteoarthritis outcome score (KOOS) [40] were com-

pleted by the patients. Non-weight-bearing radiographs

with frontal and lateral views in full extension were carried

out for radiological osteoarthritis analysis using the Kell-

gren and Lawrence five grade system [25]. The grading

was performed by a single senior radiologist. The study

was approved by the regional ethical committee, and all

patients signed informed consent forms.

Statistical analyses

All statistical analyses were conducted with IBM SPSS

Statistics 19. Groups based on graft were tested against

each other within the revision group and the primary group

with the one-way ANOVA test, the independent t test, the

nonparametric K independent-samples test and the chi

square test or the Fisher’s exact test. The tests showed no

significant differences between any of the functional

parameters or any of the knee scores. The further statistical

analyses were therefore based on comparisons between the

revision group and the primary group. The chi square test

was used to compare the categorical variables and the

Fisher’s exact test when groups with small numbers were

involved. The Tegner activity scores were assessed with

the nonparametric Mann–Whitney U test. All scale vari-

ables for both groups were, in addition to the Lysholm and

KOOS scores, tested with Q–Q plots and found approxi-

mately normally distributed. The independent-samples

t test was therefore used for comparing equality of means.

The level of statistical significance was p \ 0.05, and all

variables were considered independent.

Results

A total of 83 revision ACL reconstructions were carried out

at Trondheim University Hospital from 1993 to 2003.

Fourteen of these patients did not meet the inclusionary
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criteria (two second revisions, one third revision, one

posterior cruciate ligament reconstruction, two patients

with high tibial osteotomies and eight patients were

excluded as the primary ACL reconstruction was an extra-

articular transposition of the lateral third of the patellar

ligament). Fifty-six out of 69 revised patients (81 %) were

available for a clinical evaluation at the follow-up. The

patients undergoing primary ACL reconstruction immedi-

ately after each of these 56 revision patients were potential

controls, and 52 of the patients (93 %) in the PG were

available for the follow-up evaluation. Three patients in the

RG had an injured ACL in the contralateral knee at

the follow-up evaluation. Therefore, the laxity testing and

the evaluation of the muscle strength of these patients were

excluded from further analyses. Retrospective review of

the patient journals revealed that all revision ACL recon-

structions except for one were performed as a one-stage

procedure and that all the femoral tunnels were drilled with

a transtibial technique. Only single-bundle reconstructions

were performed and surgery was carried out under general

or spinal anaesthesia with a tourniquet. Removal of the old

hardware was performed when this compromised the dril-

ling of the new tunnels or the fixation of the graft in the

RG. Ipsilateral or contralateral bone patellar tendon bone

grafts (BPTB grafts) or ipsilateral double-looped semiten-

dinosus-gracilis grafts (hamstring grafts) were used for the

ACL reconstructions (Table 1). No allografts were used.

Twenty-three of the patients in the RG were found to have

a new trauma leading to the need for revision ACL

reconstruction. One patient had an infection as the cause of

failure and another had failure of the graft fixation method.

There were 57 % women in the RG and 56 % in the PG

(n.s.). Mean age at the follow-up was 34 years (range

20–56) in the RG and 36 years (range 20–57) in the PG

(n.s.). Twenty-nine patients (52 %) in the RG were injured

in the left knee compared with 24 (46 %) in the PG (n.s.).

No differences were found between the RG and the PG

concerning median time from injury to the primary ACL

reconstruction or median time from last reconstruction to

follow-up. These figures are shown in Table 2.

Clinical results

Five patients in the RG had an extension deficit C5�
compared with no patients in the PG (n.s.). A flexion deficit

C5� was observed in six patients in the RG compared with

one patient in the PG (n.s.). A total of eight patients had a

Lachman test grade two or three in the RG (seven and one,

respectively), compared with six (six and zero, respec-

tively) in the PG (n.s.). The pivot shift test was graded two

or three in 11 patients in the RG compared with two

patients in the PG (p = 0.009). The mean side-to-side

difference measured with the KT-1000 arthrometer� was

3.3 mm (SD ± 2.7, range 0–14) in the RG and 2.9 mm

(SD ± 2.1, range 0–8) in the PG (n.s.). The distribution of

the side-to-side differences is shown in Table 3.

The Biodex measurements in the RG showed signifi-

cantly reduced strength in the injured knee compared with

the uninjured knee in both mean total flexion work

(p = 0.001) and mean total extension work (p \ 0.001),

mean peak flexion torque (p = 0.004) and mean peak

extension torque (p \ 0.001). Correspondingly, significant

differences were found in peak extension torque

(p = 0.001) in the PG (Table 4). When comparing per-

centage loss in muscle strength in the RG and the PG, the

RG had significantly larger reductions in total flexion work

values (p = 0.035) and total extension work values

(p = 0.040). There were no significant differences between

the two groups concerning peak flexion torque (n.s.) and

peak extension torque (n.s.).

There was no difference between the two groups in the

primary pre-injury median Tegner activity score or at the

follow-up evaluation. However, there was a significantly

Table 1 Grafts used for the ACL reconstruction

Ipsilateral

BPTB

graft

Contralateral

BPTB graft

Ipsilateral

hamstring

graft

Revision group, primary

reconstruction

54 0 2

Revision group, revision

reconstruction

9 22 25

Primary group, primary

reconstruction

44 0 8

Table 2 Time from primary reconstruction to revision and/or

follow-up

Median time

from the injury to

the primary ACL

reconstruction

(months)

Median time

from the

primary ACL

reconstruction

to the revision

(months)

Median time from

the last

reconstruction to

the follow-up

(months)

Revision

group

14 (range 0–178) 38 (range

5–117)

90 (range 33–158)

Primary

group

14 (range 2–180) – 96 (range 38–159)

Table 3 Side-to-side difference measured with the KT-1000

arthrometer

Less than 3 mm 3–5 mm More than 5 mm

Revision group 28 17 8

Primary group 26 18 8
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larger median reduction in the Tegner activity score in the

RG compared with the PG (p = 0.012). Significantly, more

patients in the PG returned to their pre-injury level of

sports or better compared with the RG (p = 0.006;

Table 5). The mean Lysholm functional score at the fol-

low-up was 80 (SD ±15, range 45–100) in the RG and 89

(SD ±9.4, range 54–100) in the PG (p = 0.001). The

KOOS profiles for both groups are presented in Fig. 1.

Mean total score in the RG was 70 (SD ±21, range

25–100) compared with 84 (SD ±13, range 50–100) in the

PG (p \ 0.001). The patients in the RG had significantly

more severe radiological osteoarthritis compared with the

PG (p = 0.045; Fig. 2).

Discussion

The main findings of this study were significantly inferior

KOOS and Lysholm scores in the RG compared with the

PG. A significantly larger number of revised patients also

had a pivot shift test grade two or three, reduced muscle

strength in the injured knee, a larger reduction in the

Tegner activity score and significantly more severe radio-

logical osteoarthritis. There were no significant differences

between the RG and the PG concerning gender, age,

injured knee, time from injury to primary reconstruction,

time from last surgery to follow-up and the primary pre-

injury Tegner activity score. Based on these findings and

the fact that they underwent reconstructions concurrent in

time performed by the same group of surgeons, the group

consisting of patients with primary ACL reconstructions

can be considered a matched control group to the RG. The

strengths of this study are the relatively high number of

patients in the RG, the comparison to the time-matched

control group, the high follow-up rate (81 % in the RG and

93 % in PG) and the completeness of the follow-up eval-

uation including muscle strength testing in addition to

regular clinical tests and questionnaires. The results from

the current study are in accordance with other studies

[2, 14, 21, 30, 48].

The RG in this study had a trend towards reduced

extension range of motion compared with the PG. How-

ever, there were no differences in flexion range of motion

in the two groups. Weiler et al. [47] found that revised

patients had reduced knee extension motion compared with

primary reconstructions, but no differences in knee flexion.

The same authors [47] found no differences when testing

for normal laxity with the Lachman test and the pivot shift

test; however, we found significantly more revised patients

with a pivot shift test grade two or three (p = 0.009).

Musahl et al. [34] summarize that the posterolateral bundle

of the ACL relaxes during knee flexion and is tight when

the knee is fully extended. An explanation for the pivot

shift test findings in the current study might be due to a

tendency to place the revision femoral tunnel more dorsal

(proximal) and thus perform an anteromedial bundle

Table 4 Muscle strength measurements

Biodex 60�/s Number

of patients

Mean

difference

(Nm)a

Mean

reduction

(%)b

Standard

deviation

p value 95 % CI

lower level

95 % CI

upper level

Revision group

Peak extension torque 45 -19 0.89 0.16 \0.001 -0.15 -0.058

Peak flexion torque -7.8 0.92 0.13 0.004 -0.13 -0.027

Total extension work -87 0.90 0.17 \0.001 -0.14 -0.057

Total flexion work -54 0.90 0.12 0.001 -0.16 -0.041

Primary group

Peak extension torque 49 -12 0.93 0.15 0.001 -0.10 -0.027

Peak flexion torque -2.4 0.97 0.15 n.s. -0.064 0.0050

Total extension work -40 0.96 0.19 n.s. -0.080 0.0054

Total flexion work -13 0.97 0.12 n.s. -0.062 0.0043

a Mean difference (Nm): injured knee-uninjured knee
b Mean reduction (%): injured knee/uninjured knee

Table 5 Tegner activity score

Median

score before

the first

injury

Median

reduction

Median

score at

follow-up

Number of

patients returned

to the same level

or better

Revision

group

9 (range

3–9)

4 (range

-3–7)

4 (range

2–9)

7 (13 %)

Primary

group

9 (range

4–10)

2 (range

-1–6)

4 (range

3–9)

18 (35 %)

p value n.s. 0.012 n.s. 0.006
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revision rather than a posterolateral bundle revision.

Järvelä [20] found in a randomized controlled trial signif-

icantly better rotational laxity when performing a double-

bundle ACL reconstruction compared with a single-bundle

ACL reconstruction, measured with the pivot shift test.

However, they found no differences between the two

reconstruction methods when measuring anterior laxity

[20]. Daniel et al. [9, 10] described that a side-to-side

difference of 3 mm or more measured with the KT-1000

arthrometer in non-operated knees is associated with ACL

failure. In the present study, 48 % of the patients in the RG

and 50 % in the PG had a side-to-side difference of 3 mm

or more at the follow-up. Denti et al. [11] found corre-

spondingly 44 % in their revision group, and Eberhardt

et al. [14], using patellar tendon autografts, found that

59 % of their patients had a side-to-side difference of

3.1 mm or more after revision. Noyes and Barber-Westin

[36] found 47 % in the allograft group and 34 % in the

autograft group. Several studies [1, 8, 11, 45] consider a

side-to-side difference up to 5 mm as satisfactory laxity. In

the current study, only 15 % of the patients in both the RG

and the PG had a larger difference than 5 mm, and these

findings correspond quite well with the number of patients

found with a positive Lachman test and/or a positive pivot

shift test.

Most studies examining revision ACL reconstruction

have not performed muscle strength testing with a Biodex

or similar instruments. We found an overall reduction in

strength in the RG for the injured knee compared with the

uninjured knee. These findings correspond well with the

diminished results found in both clinical examination and

various knee scores. Other studies [5, 13, 31, 33] have

shown persisting loss of knee flexion strength when ham-

string grafts are used for ACL reconstruction. The current

study found significant differences in both total flexion

work and total extension work when comparing the RG

with the PG. In our study, most patients in the PG received

BPTB grafts, this being the standard procedure at our

department during the surgeries. Several long-term follow-

up studies comparing BPTB grafts and hamstring grafts

present no major differences between the two grafts

[27, 38, 39, 41]. No allografts were used in the current

study. Pallis et al. [37] found that young active individuals

were significantly more likely to need revision ACL

reconstruction when allografts were used in ACL recon-

struction compared with autografts. A study based on the

Danish Registry for Knee Ligament Reconstructions [30]

found that allografts had two times the risk of re-revision

surgery. Mayr et al. [32] reported comparable functional

results between autografts and allografts when used in

revision ACL reconstruction; however, a relatively low

number of patients were included in that study. Causes of

ACL failure were not completely analysed in the current

study since pre-operative radiographs were unavailable for

several of the patients in the revision group. Twenty-three

cases of new trauma were, however, identified, in addition

to one infection and one failure of the graft fixation

method. New traumas were reported as cause of failure in

30 % of the cases in the revision group in a study presented

by Trojani et al. [46].

Fig. 1 KOOS profile at the follow-up evaluation

Fig. 2 Radiological osteoarthritis at the follow-up evaluation
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The reduction in the activity score at the follow-up

evaluation compared with pre-injury values was signifi-

cantly larger in the RG compared with the PG; however, no

significant difference in actual score was found between

the two groups. Seven patients (13 %) in the RG and 18

patients (35 %) in the PG returned to their pre-injury

activity level or better (p = 0.006). Diamantopoulos et al.

[12] and Denti et al. [11] found that 36 and 78 % of their

revision patients, respectively, returned to their pre-injury

activity level. Similar to others [19, 47], we found that the

mean Lysholm score in the RG was significantly inferior to

the score in the PG (p = 0.001). Corresponding findings

were also present for the KOOS scores (Fig. 1). A reduc-

tion in the Tegner activity score at the follow-up might be

due to ageing of patients and thereby a natural change in

social activities or a change in activity due to fear of

re-injury. However, with significantly inferior results in

other scores for the RG compared with the PG, it seems

likely that the decrease in activity level can at least

partially be explained by inferior function of the knee.

The findings of significantly more severe radiological

osteoarthritis in the RG could possibly be explained by a

longer duration of abnormal knee joint laxity. The median

time from primary ACL reconstruction to revision was

38 months. A second reconstruction may also be a con-

tributing factor to the development of degenerative chan-

ges. Thomas et al. [45] found a higher rate of meniscal and

chondral lesions in a revision group when compared with a

group of primary ACL reconstructions. Kamath et al. [21]

support this when summarizing in their review that con-

tinued abnormal laxity predisposes to further meniscal and

chondral damage. In our study, 27 % of the patients in the

RG had radiological osteoarthritis grade two or higher.

Similar findings were reported by Niki et al. [35]. Other

sources report presence of all radiographic degenerative

changes after revision ACL reconstruction in 36–83 % of

the cases [8, 12, 32, 42].

The main limitations of the current study are the retro-

spective design and the insufficient perioperative data on

concomitant meniscal injuries and chondral lesions in both

groups. The orthopaedic specialist carrying out the follow-

up examinations was, due to practical reasons, not blinded.

This study cannot shed light on the actual clinical

improvement of the revised patients after the revision.

Although the RG showed inferior results in several tests,

most patients in both the RG and in PG had normal laxity

and satisfactory knee function at the follow-up evaluation.

Since the indication for both revision and primary ACL

reconstructions in this study was subjective ACL instabil-

ity, it should be fair to assume that most patients in both

groups have experienced an ease of symptoms postopera-

tively. Other studies [3, 12, 47] that have scored patients

both before and after revision ACL reconstruction describe

significant improvement. Based on the results presented

above, we recommend revision ACL reconstructions to

patients experiencing major giving-way symptoms and a

desire to participate in competitive sports, and to those

patients not willing to modify physical activity level. When

indicated, the revision ACL reconstruction should be

conducted as early as possible to prevent subsequent knee

injuries and the possible development of osteoarthritis [7].

As with other studies [2, 21, 28], we find it crucial to

inform the patients about the potential risks and the inferior

results following revision ACL reconstruction.

Conclusion

The revision ACL reconstruction group had significantly

inferior Lysholm and KOOS scores compared with the pri-

mary ACL reconstruction group. There were also signifi-

cantly more patients with a positive pivot shift test, reduced

muscle strength in the injured knee and severe radiological

osteoarthritis in the revision group. No difference in anterior-

posterior translation was found between the two groups.
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