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Abstract
Background: There is considerable literature about revision anterior cruciate ligament (ACL) 
reconstruction in athletes vut there is little published evidence about the same in the nonathletes. 
The injury itself may remain underdiagnosed and untreated in nonsports persons. This study 
highlights the high incidence of ACL injury in the nonathletic patient cohort, revision rates, and 
the outcomes of revision ACL reconstruction. Materials and Methods: 856 nonathletic patients 
who underwent primary ACL reconstruction were included in this retrospective study. Patients were 
asked on phone whether they had undergone revision surgery and whether they had symptoms severe 
enough to seek reintervention. Clinical assessment and preoperative and postoperative International 
Knee Documentation Committee (IKDC) and Lysholm scoring were used to followup patients who 
underwent revision intervention. Results: Clinically, symptomatic revision rate was 5.9% (51 out of 
856 patients), and 33 out of these 856 patients (3.9%) underwent revision ACL reconstruction. The 
reasons for revision were rupture of the previous graft in 21 and laxity (incompetence) of the graft in 
12 patients. The mean preoperative and postoperative IKDC scores were 44.1 and 69.8, respectively, 
and the improvement was statistically significant (P < 0.001). The IKDC score following revision 
ACL reconstruction was significantly better in those patients who underwent revision <1 year 
following the onset of recurrent symptoms (P = 0.015). Meniscal tears were present in 47.6%, and 
chondral injuries were seen in 33.3% of patients. The tibial tunnel positioning was abnormal in 70% 
of patients. Femoral tunnel positioning was aberrant in all the patients. Conclusions: The revision 
rate of primary ACL reconstruction of 5.9% in nonathletes and revision ACL reconstruction rate of 
3.9% are similar to the reported revision rates of 2.9%–5.8% in athletic patients. Similar to athletes, 
suboptimal tunnel placement is the major contributor to failure in nonathletes also.
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Introduction
Anterior cruciate ligament (ACL) injury is 
one of the most common musculoskeletal 
injuries with an annual incidence of around 
200,000 patients in the United States.1 
Intraarticular ACL reconstruction using 
tendon autograft is the treatment of choice 
for symptomatic ACL tears with a reported 
success rate between 75% and 97%.2‑4 
While there is a huge body of literature 
on ACL injuries, reconstruction and 
revision operations in athletes published 
evidence on ACL injuries in nonathletes 
is conspicuous by its paucity.5 A few 
centers (including ours) cater to significant 
numbers of ACL injuries in patients who 
are not athletes and whose injuries occurred 
due to reasons other than sports.

Revision ACL reconstruction is an option 
for patients with symptomatic failures 
following primary ACL reconstruction. The 
average revision rate following revision 
ACL reconstruction in athletes is around 
13.7% compared with the average revision 
rate of 2.9%–5.8% following primary ACL 
reconstructions.6‑12 All studies6,9,13‑19 except 
one by Garofolo et al.20 have reported 
that only around 60%–80% of patients 
can regain the preinjury sporting ability 
following revision ACL reconstruction.

The aim of the present study is to 
study the revision rate of primary ACL 
reconstruction and the functional outcomes 
following revision ACL reconstruction 
in the nonsportsperson population. It 
provides valuable data for comparison with 
the published data on revision rates and 
revision outcomes in the cohorts of athletes. 
To the best of our knowledge, such data This is an open access journal, and articles are distributed 
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have not been published in the English language literature 
until now.

Materials and Methods
1318 patients in which arthroscopic primary ACL 
reconstruction was performed between February 2008 
and June 2012 were included in this retrospective study. 
The approval of the Institutional Ethics Committee was 
obtained before the commencement of the study. Among 
these patients, 263 patients were actively involved in 
sports at various levels and had sustained ACL injury 
during sports activities. They were excluded from the study 
since the focus of the study was on the failures of ACL 
reconstruction in the nonsportsperson population. Forty‑two 
patients with associated posterior cruciate ligament injuries 
and multi‑ligamentous injuries were also excluded. 
Remaining 1013 patients were not seriously involved 
in any sports and had sustained ACL injury following 
two‑wheeler accidents (60%), slip and fall indoors during 
daily activities (20%) and falls outdoors (10%). Most 
patients with ACL tears following two‑wheeler accidents 
presented with a typical history of deceleration injury. The 
foot of the injured extremity was planted on the ground to 
avoid a fall while the vehicle was still moving followed by 
the driver falling off the vehicle to the side of the injury. 
ACL injuries due to falls were typically low energy injuries 
with a significant twisting component.

Out of 1013 patients in the nonsportsperson category, 
856 patients were available for telephonic followup, 
and 157 were lost to followup. Mean followup was 
5.2 years (range 8.3–4.4 years). Failure was defined as “a 
knee that demonstrates recurrent pathologic laxity that was 
present before surgery, or a stable knee that has a range 
of motion from 10 to 120° of flexion that is stiff and 
painful even with activities of daily living.”21 A total of 
51 out of 856 patients (5.9%) had a symptomatic failure. 
Thirty‑three of the 856 (3.9%) had undergone revision 
ACL reconstruction [Table 1]. Eighteen patients with 
symptomatic failure had refused to undergo reoperation.

The reasons for revision were rupture of the previous graft 
in 21 and laxity (incompetence) of the graft in 12 patients. 
In patients with rupture of the graft, second episode of fall 
from two‑wheeler or slip and fall was the reason for injury 
to the ACL graft. At the time of primary intervention, 
patellar bone‑tendon‑bone (B‑T‑B) graft had been used 
in 19 patients, and four‑strand hamstring graft had been 
used in 14 patients. The new lesions were confirmed using 
magnetic resonance imaging (MRI) scan and laxity was 
evaluated on KT‑1000 arthrometer. The duration of time 
between the onset of recurrent symptoms and reoperation 
varied from 1 month to 72 months (mean 20.9 standard 
deviation [SD] 24.5). The patients were divided into two 
groups – those who were operated within 1 year of the 
onset of recurrent symptoms and those who were operated 
after 1 year from the onset of recurrent symptoms.

All the revisions were performed in one sitting, and no 
patient had staged revision in our series. Patients with 
earlier hamstring grafts underwent revision using patellar 
B‑T‑B grafts and vice versa. The femoral and tibial tunnel 
positions that were used at the time of primary operation 
were assessed using the Bernard and Hertel grid.21 A true 
lateral image of the knee is obtained using the image 
intensifier with the knee in 90° of flexion and the medial 
and lateral femoral condyles overlapping as closely as 
possible. The Bernard‑Hertel grid is drawn as follows – The 
Blumensaat’s line is drawn first as a tangent to the roof of 
the intercondylar notch. It represents the maximum sagittal 
diameter of the lateral femoral condyle. Two lines are drawn 
perpendicular to the Blumensaat’s line, at the anterior and 
posterior borders of the lateral femoral condyle. A third line 
is drawn parallel to the Blumensaat’s line along the inferior 
border of the condyle. Measurements are made along the 
Blumensaat’s line and along the perpendicular line at 
the posterior border of the lateral femoral condyle which 
represents the maximum height of the intercondylar notch. 
It has been shown that the center of the femoral attachment 
of the ACL is located at a point which is located at the 
27% mark along Blumensaat’s line and 34% mark of the 
height of the intercondylar notch (with the zero% mark at 
the posterior end of the Blumensaat’s line.

In patients with faulty placement of earlier femoral tunnels, 
new tunnels were drilled in the desired position using 
the anteromedial portal technique [Figures 1 and 2]. No 
significant problems were experienced during repositioning 

Table 1: Patient profile in revision anterior cruciate 
ligament reconstruction

Variable Number of patients
Etiology

Re tear 21
Laxity 12

Primary intervention
BPTB graft 19
Hamstring 14

Tibial tunnel position
Too anterior 16
Normal 10
Too posterior 7

Femur tunnel position
Too anterior 10
Too anterior and vertical 19
Too vertical 4

Time interval between index operation 
and symptoms

1 year or less 19
>1 year 14

Duration of symptoms prior to reoperation
1 year or less 20
>1 year 13

BPTB=Bone ‑Patellar tendon ‑ Bone
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the tibial tunnels. In 8 patients, the entry point of the 
old femoral tunnel was too close to the entry hole 
of the new tunnel, leaving a narrow bridge of bone 
between the tunnels. This led to the poor purchase of the 
interference screw inserted via the inside‑out technique. 
In such patients, outside‑in interference screw insertion 
was used to improve the screw purchase. The minimum 
diameter of the graft (both BPTB and hamstring grafts) 
used to fill the tunnels was 10 mm. Postoperative 
rehabilitation included an active range of motion exercises 
from the 1st postoperative day and gradually increasing 
partial weight bearing with elbow crutches for 3 weeks. 
The hinged knee brace was applied during ambulation 
for 3 weeks. Routine daily activities were permitted after 
4 weeks and physically demanding activities such as 
running were allowed after 12 weeks and sporting activities 
were allowed after 9 months.

Tunnel widening was measured on MRI using the 
techniques described earlier by Clatworthy et al.22 and 
Weber et al.23 Tunnel widening was defined as increase 
in the diameter by 50% over the initial diameter.22 Tunnel 
widening was seen in 6 patients with tibial tunnels that 
were acceptably placed during the index operation. No 
differences were found between B‑T‑B and hamstring 
grafts regarding tunnel widening. When B‑T‑B graft was 
used, tunnel widening was managed using grafts with 
thicker bone plugs with or without interference screws of 
larger diameter than those used in the earlier operation. 
When hamstring grafts were used for the revision 
procedure, 6‑strand grafts were used to increase the bulk 
of the graft. No allografts or synthetic grafts were used in 
any of the patients. Additional autologous bone grafting 
was not performed in any of our patients to fill the mouth 
of the tunnels facing the intraarticular surface. Notchplasty 
was performed in 3 patients in whom the notch was too 
narrow. Arthroscopic partial meniscectomy was performed 
in 20 patients with meniscal tears.

Outcomes were assessed using the International Knee 
Documentation Committee (IKDC)24 and the Lysholm25 
scores. Scores were obtained preoperatively and 6 months 
and annually during followup. Data analysis was 
performed with the help of computer using Statistical 
Package for Social Sciences (SPSS Inc., Chicago, IL, 
USA, version 19.0). Student’s t‑test was used to test the 
significance of difference between quantitative variables. 
Yate’s and Fisher’s Chi‑square tests were used for 
qualitative variables. A P < 0.05 was considered to denote 
significant relationship.

Results
The mean age of the patients was 29.9 years (range 
20–38 years). The mean interval of time between initial 
operation and revision was 5.3 years (range 4–9 years). 
The right knee was involved in 65% of patients and the left 
knee in 35% of patients. The ratio between sports‑related 
and nonsports‑related ACL injury in our series was 1:3.9.

Overall rate of symptomatic failure of primary ACL 
reconstruction was 5.9% and revision ACL reconstruction 
rate was 3.9% and there were no patients in our series who 
presented with failed reconstruction following the revision 
and no re‑revisions were performed till date. In the revision 
cohort, the tibial tunnel positioning was abnormal in 23 out 
of 33 of patients. The tibial tunnel was too anterior in 16 
and too posterior in 7 patients. Femoral tunnel positioning 
was aberrant in all the 33 patients. In 10 patients, the 
femoral tunnel was too anterior; in 4 patients, it was 
too vertical and in the remaining 19 patients, it was too 
anterior as well as too vertical [Table 1]. Meniscal tears 
were present in 20 out of 33 patients‑bucket handle type of 
medial meniscal tears in 11 patients, lateral meniscal tears 
in 6 patients and combined medial and lateral meniscal 
tears in 3 patients [Table 2]. Chondral injuries were seen in 
11 patients. In 7 patients, chondral injury was in the patella 
and femoral condyles were involved in fourpatients. Two 

Figure 2: Tunnel has been revised to the optimal position (moved 
posteriorly) during revision anterior cruciate ligament reconstuction

Figure 1: Aberrant femoral tunnel placement during primary anterior 
cruciate ligament reconstruction (tunnel has been placed too anteriorly)
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patients showed early changes of osteoarthritis on plain 
radiographs.

The mean preoperative IKDC score was 44.1 (range 
16.1–73.6, SD 15.5). The mean postoperative IKDC score 
was 69.8 (range 38.2–87.3, SD 12.5). The change in IKDC 
score was statistically significant (P < 0.001). Preoperative 
Lysholm scores were categorized as poor in 14 patients, 
fair in 16 patients, and good in 3 patients. Postoperative 
Lysholm scores were categorized as fair in 14 patients, 
good in 14 patients, and excellent in 5 patients. The change 
in scores was statistically significant (P < 0.001).

There was no significant difference in the IKDC scores 
between patients who had B‑T‑B and hamstring grafts at 
the time of primary ACL reconstruction. In addition, there 
was no significant difference in the scores between patients 
who underwent revision for re‑tear of the graft and those 
who were revised for excessive laxity of the graft. The only 
significant difference noted was between patients who were 
symptomatic for more than 1 year and <1 year following 
primary ACL reconstruction [Table 3]. The IKDC score 
following revision ACL reconstruction was significantly 
better in those patients who underwent revision <1 year 
following the onset of recurrent symptoms (P = 0.015).

Discussion
The revision rate of around 4% in nonathletes in our study 
is similar to the revision rates of 2.9%–5.8% in athletes 
as reported in the earlier studies.6‑12 Errors of femoral 
tunnel placement were the most common iatrogenic error 

in our series of nonathletes. Thus, tunnel placement errors 
are as likely to predispose to failure in nonathletes as in 
athletes.4 None of the patients in our series has undergone 
re‑revision for failed revision of ACL reconstruction 
till now. This is much better than the reported average 
revision rate of 13.7% in athletes undergoing revision 
ACL reconstructions.11 Correct placement of tunnels during 
revision surgery, the absence of the risk of reinjury due 
to contact sports and lifestyle modification by patients to 
minimize the risk of reinjury are possible explanations for 
the longevity of the revised grafts in the nonathlete cohorts.

In the nonsportsperson category of patients, there is nil 
or very low expectation regarding sporting activities and 
the need for revision ACL reconstruction is related to the 
symptoms of instability and/or pain that interfere with 
activities of daily living. Athletes with traumatic re‑rupture 
of the ligament have been said to have better outcomes than 
patients with gradual failure due to laxity.26 In our study, 
we found no significant difference (statistical or clinical) 
between acute traumatic graft failures and gradual failures 
due to laxity of the graft in nonathletes undergoing revision 
ACL reconstruction. There was no significant difference 
in outcomes between revisions using B‑T‑B and hamstring 
grafts in our series. This is similar to the experience of 
other authors in earlier reports.26‑29

While elite athletes are likely to undergo earlier revisions 
to facilitate earlier return to sports, nonathletes are often 
likely to delay the revision. In the present series, patients 
who remained symptomatic for more than 1 year following 
the failure of the graft had inferior outcome scores (IKDC) 
than those who presented early following failure of the 
graft. Our experience is different from that of Johnson 
et al. who found no significant correlation between the 
outcome scores and the time interval between failure and 
revision.26

In the athletic population, delay in revision has been 
associated with increased incidence of secondary injuries to 
the menisci, articular cartilage, other ligaments in the knee 

Table 2: Associated injuries noted at the time of revision 
anterior cruciate ligament reconstruction

Associated injury Number of patients
Medial meniscal tears 11
Lateral meniscal tears 6
Combined medial and lateral meniscal tears 3
Chondral injury (patella) 7
Chondral injury (femoral condyles) 4

Table 3: Association between International knee Documentation Committee Scores and other variables following 
revision anterior cruciate ligament reconstruction

Variable Preoperative IKDC score Postoperative IKDC score Significance
Mean SD Mean SD

Time interval between onset of symptoms and revision
1 year or less 40.9 14.8 65.6 13.1 P=0.0151 (S)
>1 year 50.3 15.7 77.7 5.9

Cause of failure of ACL reconstruction
Rupture of graft 46.4 15.3 69.7 13.9 P=0.3737 (NS)
Laxity of graft 40.5 15.9 69.8 10.5

Type of graft used at index operation
B‑T‑B graft 43.5 14.5 68.2 13.4 P=0.7256 (NS)
Hamstring graft 44.9 17.5 72.0 11.3

IKDC=International knee Documentation Committee, ACL=Anterior cruciate ligament, SD=Standard deviation, S=Significant, NS=Not 
significant
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and coronal plane malalignment of the lower limb.5,30‑33 
Joseph et al. reported the significantly higher incidence 
of meniscal and cartilage injuries in both athletic and 
nonathletic patient groups when the primary ACL was 
delayed by more than 1 year.5 There was a high incidence 
of meniscal (60.6%) and chondral (33.3%) injuries in our 
patients presenting for revisions. Thus, the ACL‑injured 
knees in nonathletes seem to be as susceptible to secondary 
injury to menisci and cartilage as the ACL‑deficient knees 
in athletes.

The main limitation of this study is that 15.5% of patients 
were lost to followup and their outcomes could not be 
ascertained. However, the cohort in which the desired 
outcomes could be ascertained was large enough to provide 
useful information on the outcomes. This study draws 
attention to the need for high index of suspicion regarding 
ACL injuries even in nonathletic injuries to the knee, the 
incidence of revision ACL reconstruction and the medium‑
term favorable outcomes of the revision surgery in this 
group of patients. The study draws attention to the fact that 
revision rates of primary ACL reconstruction in nonathletes 
are not less than the revision rates in athletes. Errors in 
tunnel placement during ACL reconstruction are as likely 
to cause failure in the low‑demand nonathlete patients as in 
the high‑demand athletes.

Conclusions
The revision rate following ACL reconstruction in 
nonathletes in the present study is similar to the rates 
reported earlier in athletes. Accurate tunnel placement 
is as important in these patients as in the sportspersons. 
In our study, delay in revision was associated with lower 
functional outcome scores and a high incidence of meniscal 
and chondral injuries. Earlier revision is advisable even 
in the nonathlete patient groups. Until now, there are no 
re‑revisions of the ACL reconstructions in our patients.
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