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Factors affecting knee joint instability after primary anterior
cruciate ligament reconstruction
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Background: Graft failure remains a severe complication of anterior cruciate ligament (ACL) reconstruction, often requiring revision with poor outcomes. The definitive influence of risk factors on graft failure remains unclear. This study
aimed to analyze risk factors for failure.
Methods: A total of 206 patients (mean age, 30.8 years) who underwent arthroscopic ACL reconstruction between 2004
and 2014 were enrolled in this study. Medical records including instability based on Lachman test, pivot shift test, and
stress radiography were retrospectively reviewed. Knees with instability were examined according to the instability criteria. Predictors of instability that were explored included patient age, sex, body mass index (BMI), time from injury to
operation, postoperative Tegner activity level, preoperative instability on stress radiography, tibia and femoral tunnel positions, posterior tibial slope, meniscectomy before or concurrent with ACL reconstruction, and graft type. Multivariable
regression analysis was performed to investigate risk factors associated with knee instability.
Results: Of the patients, 9.2% had knee instability or revision after primary ACL reconstruction. Younger age, preoperative instability on stress radiography, tunnel malposition, meniscectomy during ACL reconstruction, and use of allograft
were significantly (P < 0.05) associated with instability after ACL reconstruction. Multivariable analysis showed younger
age (odds ratio [OR], 1.07; 95% confidence interval [CI], 1.02–1.14; P = 0.01), meniscectomy (OR, 4.06; 95% CI, 1.24–13.28;
P = 0.02), and allograft (OR, 12.41; 95% CI, 1.59–96.88; P = 0.02) were significant risk factors.
Conclusion: Sex, BMI, and postoperative Tegner activity scale score were found to be insignificant risk factors for postoperative instability. However, younger age, use of allograft, and additional meniscectomy during surgery were found to be
potential risk factors for knee joint instability after ACL reconstruction.
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INTRODUCTION
As the number of primary procedures is increasingly performed annually, the absolute number of graft failures after anterior cruciate ligament (ACL) reconstruction is also
increasing [1]. Despite the advancement in techniques,
some studies have suggested that up to 23% of these
reconstructions may fail [2]. Graft failure or instability
remains a severe complication of ACL reconstruction. It
often requires revision with a long rehabilitation process.
Moreover, revision ACL reconstruction can have worse
outcomes compared to primary ACL reconstruction. It
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has higher failure rates and lower patient-reported outcomes [3].
Classically, literature has shown that ACL reconstruction failures are primarily caused by technical errors (at
approximately 70%), chronic or acute trauma, and biologic causes [3]. The multicenter ACL revision study cohort (460 patients) has shown that the causes of failure as
deemed by the revising surgeon included trauma (32%),
technical error (24%), biologic cause (7%), a combination of the above (37%), infection (<1%), and no response
(<1%) [4]. Numerous risk factors have been proposed, including sex, body mass index (BMI), younger age, time to
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return to activity, graft type (allograft vs. autograft, donor
site), graft size, graft fixation, and graft position [5,6]. Despite these reports, the definitive influence of these risk
factors on graft failure remains unclear.
This study aimed to identify risk factors for failure of
ACL reconstruction. It hypothesized that patient demographics and intraoperative and postoperative factors
could affect failure of ACL reconstruction. Predictors of
instability explored in this study were as follows: age, sex,
BMI, time from injury to operation, preinjury and postoperative Tegner activity level, preoperative instability on
stress radiography, tibia and femoral tunnel positions,
meniscectomy before or concurrent with ACL reconstruction, and graft type.

METHODS
Demographic data
The study was approved by the Institutional Review
Board of Chonnam National University Hwasun Hospital (CNUHH-2020-192) and the informed consent was
waived. A total of 391 patients underwent arthroscopic
ACL reconstruction between 2004 and 2014. Those who
were lost to follow-up (83 patients) and those who underwent other combined ligament reconstructions (102
patients) were excluded. Thus, the study group consisted
of 206 patients with a minimum of 2 years of follow-up
after primary ACL reconstruction (Fig. 1). Medical records including instability based on Lachman test, pivot
shift test, and stress radiography were retrospectively
reviewed. Instability in the knee was defined as > 10 mm
side-to-side difference (STSD) on stress radiography
or Grade III Lachman test or pivot shift test on physi-

cal examination or revision ACL reconstruction (Fig. 1).
Moreover, we excluded revision ACL reconstruction case
with normal graft status before trauma due to acute traumatic graft ruptures. The 206 patients were divided into
two groups: group without instability after primary ACL
reconstruction (Group 1, non-failure group) and group
with instability after ACL reconstruction or revision ACL
reconstruction (Group 2, failure group) (Table 1).

Clinical outcomes and radiologic stability assessments
Predictors of instability explored in this study included
patient age, sex, BMI, time from injury to operation, postoperative Tegner activity level, preoperative instability on
stress radiography, tibia and femoral tunnel positions,
posterior tibial slope, meniscectomy before or concurrent with ACL reconstruction, and graft type. The average
time interval from injury to operation was 41.2 weeks in
the non-failure group and 8.6 weeks in the failure group.
Tegner activity scale scores were obtained to assess clinical outcomes. Tegner activity scale score targets the level
of sports participation. It can be used to reflect the actual
rates of return to preinjury sports after ACL reconstruction [7]. Subjects were scheduled for a follow-up visit at
3 and 6 months, 1 and 2 years, and annually thereafter
to evaluate clinical outcomes, including stability. Radiographs were obtained, including anteroposterior and
lateral views of standing knee at 0° of knee flexion at each
follow-up. Lachman and pivot shift test results and Tegner activity scale score were evaluated. Radiologic stability was evaluated by performing an instrumented laxity
test using a Telos device (Telos stress device; Austin & Associates, Fallston, MD, USA) at 30° of knee flexion with a
20-lb anterior tibial load applied to the proximal tibia be-

Primary ACL reconstruction: 391 knees
Excluded: 185 knees
Other combined procedure: 102 knees
- PCL reconstruction: 37 knees
- PLC reconstruction: 20 knees
- MCL repair: 24 knees
- Combined operation: 21 knees
Loss of follow-up: 83 knees
206 knees

Non-failure cases: 187 knees
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Failure cases: 19 knees
Revision ACL reconstruction
Instability on physical exams
- Gr II or III Lachman test or pivot shift test
STSD > 10 mm on postoperative stress radiography

Fig. 1. The study group consisted of 206
patients with a minimum of 2-year follow-up after primary ACL reconstruction.
Instability was defined for knee with > 10
mm STSD on stress radiography or grade
II or III Lachman test or pivot shift test
on physical examination or revision ACL
reconstruction case. ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; PLC, posterolateral corner; MCL,
medial collateral ligament; STSD, side-toside difference.
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fore operation and at the last follow-up. The normal contralateral side was used as control. Differences in anterior
translations of the injured or reconstructed knee and its
normal contralateral side were used to evaluate whether
normal laxity of the knee after ACL reconstruction was
restored (Fig. 2).
The posterior tibial slope was considered as the angle
between the perpendicular line to tangential line of the
posterior tibial cortex and tangential line to the surface

Table 1. Patient factors for instability after ACL reconstruction
Factor

Non-failure
group
(n = 187)

Failure
groupa)
(n = 19)

OR (95% CI)

P-value

158

17

1.00

0.75

29

2

1.56 (0.34–7.12)

Sex
Male
Female
Age, y

30.8 ± 11.2 24.5 ± 6.3

≥ 30.3
< 30.3
2

BMI, kg/m

0.01

93

2

1.00

94

17

8.41 (1.89–37.42)

24.1 ± 3.2

24.7 ± 3.5

8

2

2.63 (0.52–13.4)

< 30.0

179

17

1.00

Time from injury 41.2 ± 133.9 8.6 ± 11.8
to operation, wk
< 12
Postoperative
Tegner activity
scale score

61

0.01

SPSS 22.0 software package (IBM Corp., Armonk, NY,
0.23
0.29

4

0.55 (0.18–1.73)

126

15

1.00

6.8 ± 0.5

6.6 ± 0.8

0.44
0.73

≥6

95

10

1.00

<6

92

9

0.93 (0.36–2.39)

0.88

Values are presented as number only or mean ± standard deviation.
ACL, anterior cruciate ligament; OR, odds ratio; CI, confidence interval;
BMI, body mass index.
a)
A group with instability after ACL reconstruction or revision ACL reconstruction.

A
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Statistical analysis

0.44

≥ 30.0

≥ 12

of the tibial plateau. To determine the difference in postoperative tunnel position, knee lateral radiography after
ACL reconstruction was checked (Fig. 3). The measurement method used for the femoral tunnel was adapted
from the quadrant method described by Bernard et al. [8].
The femoral tunnel depth (A/Xf-t) was measured from
the center of the tunnel to the deepest subchondral bone
contour (A) in the percentage of the Xf-t (lateral femoral
condyle diameter along the intercondylar notch roof).
The height of the femoral tunnel (B/Xf-h) was evaluated and expressed from the center of the tunnel to the
intercondylar notch roof (B) in percentages of the Xf-h
(intercondylar notch roof height). Xt was used to express
the tibia tunnel entry point as the relative anterior–posterior distance on the tibial plateau diameter determined
through the point where the center of the tibia tunnel
crossed the tibia joint surface.

A

B

Fig. 2. Side-to-side difference evaluation using a Telos device. Differences in anterior translations of the injured knee (A) and its normal
contralateral side (B).

B

Fig. 3. Evaluation for the difference in
tunnel position. (A) Bernard and Hertel
method. The centrum as % distance
along the Blumensaat line (from proximal
and posterior to distal and anterior) by
% distance along a line perpendicular
to the Blumensaat line (from proximal
and anterior to distal and posterior). (B)
Tibia tunnel entry point as the relative
anterior–posterior distance on the tibial
plateau diameter.
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USA) were used in the statistical analysis. Independent ttest was used to determine the significance of intergroup
differences in age, BMI, time from injury to operation,
tunnel position, posterior tibial slope, preoperative radiologic instability, and preinjury and postoperative Tegner
activity score. Categorical variables in the non-failure and
failure groups were analyzed using Pearson’s chi-square
test and Fisher’s exact test. To investigate risk factors (age,
sex, BMI, femoral and tibia tunnel position, preoperative
instability [STSD], meniscectomy, and graft selection)
associated with knee instability, multivariable logistic regression test was performed. Statistical significance was
accepted at a 95% level (P < 0.05).

RESULTS

Table 2. Radiologic and surgical factors for instability after ACL reconstruction
Factor
A/Xf -t (%)

NonFailure
failure
groupa)
group
(n = 19)
(n = 187)

OR (95% CI)

P-value

0.05

28.0

32

≥ 29

71

12

2.8 (1.05–7.45)

< 29

116

7

1.00

31

34

B/Xf -h (%)

0.13

0.21

≥ 31

65

14

4.21 (1.38–13.2)

< 31

122

5

1.00

Xt (%)

39

42

≥ 39

104

16

4.23 (1.2–15.1)

< 39

83

3

1.00

0.32

10.0

9.8

0.86

Preoperative STSD, mm

9.3

11.1

0.05

Patient factors

75

14

4.18 (1.45–12.1)

Patient demographics are presented in Table 1.
To analyze age, the mean value (30.8 years) was used
as the standard to divide the groups. The odds ratio (OR)
between the two groups was 8.41 (P = 0.01). There was
no significant difference in other factors (sex, BMI, time
from injury to operation, preinjury Tegner activity scale
score) or clinical outcomes, except age between the two
groups (Table 1).

< 9.3

112

5

1.00

Meniscectomy

95

15

3.63 (1.16–11.35)

None

92

4

1.00

Allograft

112

18

12.05 (1.58–92.22)

Autograft

75

1

1.00

The mean values of the locations of the femoral and tibia
tunnels were not significantly different between the two
groups (Table 2). To analyze radiologic factor, the mean
value was used as the standard to divide the groups.
In the non-failure group, 116 patients (62%) had A/
Xf-t < 29%, and 71 (38%) had ≥ 29%. In the failure group,
seven patients (37%) had A/Xf-t < 29%, and 12 (63%)
had ≥ 29%. The OR between the two groups was 2.8 (P =
0.05). Moreover, 122 patients (65%) had femoral tunnel
height < 31%, and 65 (35%) had ≥ 31% in the non-failure
group. In the failure group, five patients (26%) had femoral tunnel height < 31%, and 14 (74%) had ≥ 31%. The OR
between the two groups was 4.21 (P = 0.03). There were
104 patients (56%) exit of the tibia tunnel ≥ 39% and
83 patients (44%) with exit of the tibia tunnel < 39% in
the non-failure group. Moreover, there were 16 patients
(84%) with exit of the tibia tunnel ≥ 39% and three (16%)
with < 39% in the failure group. The OR between the two
groups was 4.23 (P = 0.03).
The posterior tibial slope was 9.8° in the failure group
and 10.0° in the non-failure group. There was no signifi-
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0.03

Posterior tibial slope, °
≥ 9.3

Radiologic and surgical factors

0.03

0.01

Meniscus operation
0.03

Graft
0.01

Values are presented as mean only or number only.
ACL, anterior cruciate ligament; OR, odds ratio; CI, confidence interval; A/Xf-t, femoral tunnel depth; B/Xf-h, height of the femoral tunnel;
Xt, relative anterior–posterior distance on the tibial plateau diameter;
STSD, side-to-side difference.
a)
A group with instability after ACL reconstruction or revision ACL reconstruction.

cant difference in the posterior tibial slope between the
two groups.
The STSD on preoperative stress radiography between
the injured knee and normal contralateral knee was 9.3
mm in the non-failure group and 11.1 mm in the failure
group. The difference between the two were statistically
significant (P = 0.05). There were 75 patients with STSD
≥ 9.3 mm and 112 with < 9.3 mm in the non-failure group.
Moreover, there were 14 patients with STSD ≥ 9.3 mm and
five with < 9.3 mm in the failure group. The OR between
the two groups was 4.18 (P = 0.01).
Moreover, to analyze surgical factor, meniscus operation and types of graft were used as the standard to divide groups. In the non-failure group, 95 patients (51%)
underwent additional meniscectomy (85 cases, medial
meniscectomy; 10 cases, lateral meniscectomy), while 92
(49%) underwent ACL reconstruction only. In the failure
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Table 3. Risk factors for instability after ACL reconstruction based on
multivariable logistic regression analysis
Factor
Age, y

Non-failure group
(n = 187)

Failure
group
(n = 19)

30.8 ± 11.2 24.5 ± 6.3

OR (95% CI)

P-value

1.07 (1.02–1.14) 0.01

Meniscus operation
Meniscectomy

95

15

None

92

4

Allograft

112

18

Autograft

75

1

4.06 (1.24–13.28) 0.02
1.00

Graft
12.41 (1.59–96.88) 0.02
1.00

Values are presented as mean ± standard deviation or number only.
ACL, anterior cruciate ligament; OR, odds ratio; CI, confidence interval.
Multivariable logistic regression analysis. The P-values are intergroup
comparisons, with P < 0.05 indicating statistical significance.

group, 15 patients (79%) underwent meniscectomy (12
cases, medial meniscectomy; 3 cases, lateral meniscectomy) and four (21%) underwent ACL reconstruction
only. The OR between the two groups was 3.63 (P = 0.03).
There were 112 patients (60%) using autograft and 75
(40%) using allograft in the non-failure group. Moreover,
there were 18 (95%) patients using autograft and one
patient (5%) using allograft in the failure group. The OR
between the two groups was 12.05 (P = 0.01).

Multivariable logistic regression analysis
Factors and OR with significance are presented in Table
3. Younger age (OR, 1.07; P = 0.01) remained a strongly
significant risk factor for ACL reconstruction failure. Similarly, meniscectomy (OR, 4.06; P = 0.02) was correlated
with ACL reconstruction failure. The use of allograft (OR,
12.41; P = 0.02) remained a significant risk factor for ACL
reconstruction failure.

DISCUSSION
In this study, there was significant age-based differences
in failure rate. Webster et al. [9] have reported high ACL
reinjury rates in younger patients. They showed that
88% of younger patients (< 20 years) returned to such
strenuous activities compared to a much lower 53% rate
for older patients [9]. Shelbourne et al. [10] have also reported that their younger patient group (<18 years) has
participated in more strenuous activities both before and
after surgery than older patients.
There was a significant difference in failure rate between the two groups in additional meniscectomy during
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ACL reconstruction in our study. It is known that meniscus injuries are commonly accompanied by ACL injury,
occurring in as many as 66% of patients undergoing ACL
reconstruction [11]. Meniscus plays a number of roles in
knee function. It contributes to joint stability, load sharing, and increasing joint congruity [12]. This study found
that patients who underwent meniscectomy during ACL
reconstruction had higher risk of ACL reconstruction failure compared to those without meniscus tear. Similarly,
Kartus et al. [13] have reported that patients who underwent meniscus surgery during ACL reconstruction have
worse clinical outcome. Laxdal et al. [14] have suggested
that concomitant joint damage, including meniscus and
cartilage injuries, is one of the major risk factors. In contrast, Pullen et al. [15] have found that meniscus repair is
protective toward revision ACL reconstruction.
The influence of non-anatomical tunnel position on
knee stability has been clearly identified [1]. In this study,
inappropriate tibia tunnel and femoral tunnel position
increased ACL graft failure. It has been shown previously
that posterior placement of the tibia tunnel is associated
with a higher incidence of ACL graft failure [16]. Achieving ideal tunnel position can reduce the failure rate after
ACL reconstruction. Because the knee’s center of rotation
is close to the insertion of the femur, the position error of
the femur is 3:1 compared to the tibia, and preparation of
this tunnel is considered one of the most complex procedures in ACL reconstruction. Tunnel position occupying
a larger anteromedial area of the ACL origin and closer
to the lateral femoral intercondylar ridge would be more
efficient and would decrease the risk of positioning the
tunnel to occupy a larger area of the posterolateral region
[17]. The tibia tunnel should be placed in the anteromedial fibers of the native ACL footprint [18,19].
The failure rates after ACL reconstruction between male
and female were similar. Leys et al. [16] have found that
male sex is associated with ACL graft rupture. In contrast,
Shelbourne et al. [10] have reported a higher rate of ACL
rupture in female. More research is required to analyze
the effect of sex on ACL reconstruction failure.
There was no significant difference in the posterior
tibial slope between the two groups in this study. On the
contrary, Webb et al. [20] found that an increased posterior tibial slope is associated with increased incidence
of further ACL injuries after ACL reconstruction. The increased risk is most pronounced in those with a posterior
tibial slope of > 12° [20].
This study demonstrated that allograft was a risk fac-
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tor for failure after ACL reconstruction compared to autograft. The outcomes of allograft versus autograft ACL
reconstruction has been controversial for several years.
Graft choice remains a topic of high interest for surgeons
performing primary and revision ACL reconstruction
[21,22]. The most important advantage of allograft is the
lack of donor site morbidity. Its most significant disadvantages are disease transmission, delayed graft incorporation and graft laxity, and failure with prolonged use [22].
Prodromos et al. [23] have performed a meta-analysis
of 20 allograft ACL reconstruction series compared to a
published set of autograft studies and concluded that
abnormal stability is more common in allograft (14%)
than that in autograft (5%). Conversely, Carey et al. [21]
have performed a meta-analysis of clinical outcomes of
primary ACL reconstruction comparing autograft versus
allograft and demonstrated no significant difference in
stability after ACL reconstruction in the short term between the two groups.
There were no significant differences in time from injury to operation between the two groups in this study.
Bernstein et al. [24] have found that early surgery for ACL
tears might be a more effective overall approach than
late surgery. Karlsson et al. [25] have performed a study
and revealed that competitive athletes who have undergone reconstruction at a subacute stage (< 12 weeks from
injury) after an ACL injury have higher activity levels.
Meniscus injuries were significantly more frequent if reconstruction was delayed [25]. Contrary to these studies,

several studies have revealed that early reconstruction
has a disadvantage or that there is no difference between
early and delayed reconstruction [26].
An increased postoperative Tegner activity level has
been identified as an independent risk factor for graft
failure and revision ACL reconstruction [27]. However,
this study found that there was no significant difference
in postoperative Tegner activity score between the two
groups. BMI, time from injury to operation, and postoperative Tegner activity scale score were not significant risk
factors for failure of ACL reconstruction in this study.
This study had some limitations. Graft selection is dependent on surgeon’s discretion. This might have induced
selection bias. Moreover, the retrospective nature of this
study makes it difficult to follow patients. Therefore, the
remaining group of patients eligible for this study was
relatively small. The small number of patients used in this
study might limit the strength of the study.
In conclusion, sex, BMI, and postoperative Tegner activity scale score were found to be insignificant risk factors for postoperative instability. However, younger age,
use of allograft, and additional meniscectomy during surgery were found to be potential risk factors for knee joint
instability after ACL reconstruction.
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