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Background: Netball is a popular sport worldwide, particularly for women. However, its nature puts players at high risk for ante-
rior cruciate ligament (ACL) injury.

Purpose: To determine (1) the prevalence of ACL graft rupture and contralateral ACL (CACL) rupture in Australian female netbal-
lers after ACL reconstruction (ACLR) and (2) the rate of return to sports (RTS) and psychological readiness.

Study Design: Cohort study; Level of evidence, 3.

Methods: A patient database identified 332 consecutive female netball players who underwent ACLR with hamstring tendon
autografts performed by 2 surgeons between 2007 and 2015. Patients were retrospectively surveyed at a minimum of 7 years
postoperatively—including details of a second ACL injury to either knee, RTS, and psychological readiness per the ACL–Return
to Sport After Injury (ACL-RSI) score. Multivariate regression assessed the association between selected variables and repeat
ACL injury.

Results: A total of 267 patients (80%) were included with a mean follow-up of 8.4 years (range, 7-15 years). ACL graft rupture and
CACL rupture occurred in 11 (4%) and 27 (10%) patients, respectively, at 7 years postoperatively. The ACL graft had a survival
rate of 99%, 97%, 97%, and 96% at 1, 2, 5, and 7 years after surgery, respectively. The native CACL had a survival rate of
100%, 99%, 94%, and 90% at 1, 2, 5, and 7 years, respectively. Adolescents had a 4.5 times greater hazard for ACL graft
rupture (95% CI, 1.4-14.6; P = .014) and a 2.5 times greater hazard for CACL rupture (95% CI, 1.2-5.5; P = .021) compared
with adults. CACL injury was also associated with a return to level 1—including jumping, hard pivoting, and cutting—sports
(hazard ratio, 10.3 [95% CI, 1.4-77.1]; P = .023). Most (62%) participants returned to netball, with those with higher ACL-
RSI scores more likely to RTS.

Conclusion: The prevalence of repeat ACL injury was higher in the contralateral knee (10%) than the ACL-reconstructed knee
(4%) at 7 years postoperatively. ACLR was a suitable option for female netballers who sustained an ACL rupture with low
long-term rates of graft rupture. Repeat ACL injuries to either knee were more common in adolescents and those who returned
to cutting and pivoting sports.
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Netball is a popular sport worldwide, with over 20,000,000
people participating annually.7,25 It is the most popular
female team sport in Australia.7 Knee injuries are com-
mon, accounting for most (42%) injury insurance claims

in Australian netballers.18,27 Even with the advent of net-
ball knee injury prevention programs,36 anterior cruciate
ligament (ACL) injuries are prevalent in both community
and elite netballers,17,24,47 accounting for 25% of injuries.47

The nature of the sport involves movement patterns such
as cutting, pivoting, rapid changes of direction, and, impor-
tantly, the ‘‘footwork rule.’’ This rule restricts a player
landing with the ball on 1 leg to only taking 1 further
step before passing the ball, which increases their
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deceleration rate and vertical ground-reaction force and
potentially increases their risk of ACL injury.12,26,39

Many patients who sustain ACL ruptures opt for surgi-
cal reconstruction to return functional stability and reduce
the risk of chondral or meniscal injuries.35 Australia has
the highest rate of ACL reconstruction (ACLR) worldwide,
and the incidence of ACLR has increased by 43% between
2000 and 2015.53 Second, ACL injuries are reported to
occur in 6% to 22% of patients over the first 5 years after
ACLR in sporting populations.9,33,45,50,52 However, we
should not assume that injury patterns are equivalent
between sports given the diversity in components, especially
with a unique sport such as netball. There are no long-term
studies on the rate of reinjury to the ACL graft or injury to
contralateral ACL (CACL) after ACLR in netballers.

One of the main goals of primary ACLR is to allow
patients to return to cutting, pivoting, or jumping
sports.11,19 However, a significant proportion of athletes
still will not return to their preinjury level of sport. Ardern
et al4 reported that only 19% of netballers returned to com-
petition at 12 months, the lowest rate compared with 3
other sports. Return to sports (RTS) after ACLR is vari-
able, with up to 40% reported not returning to their prein-
jury level of participation.5 One proposed reason for failure
to RTS is a lack of psychological readiness.6,28 It is pro-
posed that this psychological response is contributed to
by fear of reinjury, sport locus of control, and an athlete’s
estimate of the length of time it may take to RTS.21 There
is a lack of knowledge of long-term outcomes in returning
to netball after ACLR.

The primary aim of this study was to determine the
prevalence of ACL graft rupture and CACL rupture in Aus-
tralian female netballers 7 years after ACLR. We hypothe-
sized that the ACL graft and the CACL would have
equivalent injury rates. The secondary aims were to deter-
mine the rate of RTS and psychological readiness in RTS in
this cohort.

METHODS

A prospective database identified 332 consecutive ACLRs
performed between 2007 and 2015 using hamstring ten-
don autografts in female netball players who had pro-
vided informed consent. All procedures were performed
by 2 experienced knee surgeons (L.P. and J.R.) at a single
center. Patients were retrospectively surveyed at a mini-
mum of 7 years after reconstruction. The study protocol
received institutional review board approval.

Study Patients

All participants sustained a primary ACL rupture while
playing netball at competitive or recreational levels. Those
with a history of previous CACL injury were excluded. The
surgical technique has previously been described13 and
involved a 4-strand hamstring tendon autograft with fem-
oral drilling via the anteromedial portal and interference
screw fixation of the ACL graft on both the femur and tibia.
Postoperatively, patients underwent a standardized reha-
bilitation program under the guidance of the operating sur-
geon and the patients’ physical therapist.42 Based on
previous evidence that recognized higher graft rupture
rates within 12 months after ACLR,9,33,45,46 patients
were not encouraged to return to competitive team-based
ball sports until after 12 months postoperatively and
once rehabilitation goals had been met.

Follow-up Evaluation

Persons not involved in the index operation or the care of
the patient contacted participants at a minimum of 7 years
postoperatively via a secure online survey system. The sur-
vey system emailed participants a secure, individualized
digital link to complete, with 2 automatic follow-up emails
sent if they did not complete it. After this, if no response
was obtained, an independent researcher (C.H.) contacted
the participant by telephone, with a minimum of 3 follow-
up telephone calls on separate occasions before they were
deemed lost to follow-up.

Patients were surveyed about injury and surgery to
either knee after their index ACLR. In the event of a second
ACL injury, details were substantiated in most cases by
a review of medical records. Questions on RTS and family
history of ACL injury were also asked. Psychological read-
iness was assessed with the short version of the ACL–
Return to Sport After Injury (ACL-RSI) scale, a validated
tool developed to measure the psychological impact of
returning to sport after ACLR, with higher scores indicat-
ing greater psychological preparation.50 Activity levels
were recorded using the Cincinnati Sports Activity Scale
(CSAS), in which the functional levels are categorized as
follows: level 1—including jumping, hard pivoting, and cut-
ting (eg, soccer, netball, basketball, volleyball, football, and
gymnastics); level 2—including running, twisting, and
turning (eg, racquet sports, softball, hockey, skiing, and
wrestling); level 3—including no running, but twisting
and jumping sports (eg, cycling and swimming); and
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level 4—including no sports, but only activities of daily liv-
ing.8 Patient and surgical characteristics—including age,
graft diameter, meniscal surgery, and chronicity of ACL
injury—were obtained from the prospective database.

Statistical Analysis

Statistical analysis was performed using SPSS software
Version 27 (IBM). Statistical significance was set a priori
at P \ .05. Missing data were not imputed, and a complete
case analysis was performed. Age was dichotomized to �19
years (adolescent) and .19 years (adult), in accordance
with the definition by the World Health Organization.
RTS was compared with t tests for linear variables (mean
CSAS and ACL-RSI score) and chi-square tests for categor-
ical data (sex, age, family history, and chronicity of injury).
Pearson correlation coefficients were calculated for linear
variables of age and ACL-RSI score to determine the rela-
tionship between age and psychological readiness.

ACL and CACL survival rates were assessed using the
Kaplan-Meier method. To account for the variation in the
length of the follow-up across all participants, right censor-
ing was performed at 7 years. Factors examined on the uni-
variate analysis included a family history of ACL injury,
returning to netball, returning to CSAS level 1 sport, an
ACL graft diameter of \7.5 mm, a greater than one-third
medial meniscectomy, a greater than one-third lateral
meniscectomy, and an age of �19 years. A forward method
was used to build the multivariate model. Factors with P\
.10 on univariate analysis were entered into a stepwise
multivariate Cox regression analysis until only the signif-
icant factors remained.

RESULTS

Of the 332 female netballers, 1 revoked consent to
research, and 64 (20%) were lost to follow-up. A total of
267 (80%) patients were reviewed at a minimum of 7 years
from surgery (Figure 1). There was no significant differ-
ence between those reviewed at 7 years and those lost to
follow-up for the mean age (P = .35), graft size (P = .638),
or meniscal treatment (P = .466). The mean follow-up
was 8.4 years (range, 7-15 years).

The mean patient age at the time of surgery was 30
years (range, 12-51 years), and 44 patients (17%) were
aged �19 years. The timing of the surgery was acute (�3
weeks) in 6 (2%) patients, subacute (1-3 months) in 213
(80%), and chronic (.3 months) in 48 (18%). At the time
of ACLR, a one-third partial lateral meniscectomy was per-
formed in 28 (11%) patients, a two-thirds or greater lateral
meniscectomy in 17 (6%), and lateral meniscal repair in 15
(6%). A one-third partial medial meniscectomy was
required in 2 (1%) patients, a two-thirds or greater medial
meniscectomy was required in 43 (16%), and 13 (5%) had
a medial meniscal repair.

Grafts were most commonly four-strand (range, 3-6),
with a mean diameter of 7 mm (range, 6.5-8.5 mm). The
ACL graft was most commonly fixed with a round-headed
cannulated interference screw (Smith + Nephew) in 263
(99%) cases on the femoral side and 266 (99%) on the tibial
side. At the time of surgery, radiographs showed that the
physes were closed in 264 cases (99%) and closing in 3 (1%).

Repeat ACL Injury

ACL graft rupture and CACL rupture were reported in 11
(4%) participants and 27 (10%) participants, respectively,
within 7 years (P = .001). The prevalence of any further
ACL injury to either knee is shown in Table 1. The median
time from ACLR to ACL graft rupture was 25 months, and
that for CACL rupture was 5 months (P = .01). One patient
sustained both a graft rupture and CACL injury within 7
years.

Survival Analysis

ACL graft survival rates were 99%, 97%, 97%, and 96% at
1, 2, 5, and 7 years after surgery, respectively (Figure 2).
On univariate analysis, poorer ACL graft survival was
associated with age �19 years (hazard ratio [HR], 4.5
[95% CI, 1.4-14.6]; P = .014) (Figure 3). Nonsignificant fac-
tors were returning to netball (P = .183), returning to
CSAS level 1 sport (P = .152), an ACL graft diameter of
\7.5 mm (P = .710), a family history of ACL injury (P =
.918), a greater than one-third medial meniscectomy (P =
.861), and a greater than one-third lateral meniscectomy
(P = .564).

The native ACL in the contralateral knee had a survival
of rate of 100%, 99%, 94%, and 90% at 1, 2, 5, and 7 years,
respectively (Figure 2). On univariate analysis, CACL sur-
vival was associated with adolescents (HR, 3.4 [95% CI,
1.6-7.4]; P = .002) (Figure 4), returning to CSAS level 1
sport (HR, 12.7 [95% CI, 1.7-93.9]; P = .013), and returning
to netball (HR, 2.9 [95% CI, 1.1-7.7]; P = .031).

The significant factors in multivariate analysis on ACL
graft survival and CACL survival are shown in Table 2.
Adolescents had a 4.5 times greater hazard for ACL graft
rupture (95% CI, 1.4-14.6; P = .014) and a 2.5 times greater
hazard for CACL rupture (95% CI, 1.2-5.5; P = .021) com-
pared with adults. CACL injury was also associated with
returning to level 1 (jumping, hard pivoting, and cutting)
sports (HR, 10.3 [95% CI, 1.4-77.1]; P = .023).

Figure 1. Participant flow through the study inclusion pro-
cess. ACLR, anterior cruciate ligament reconstruction.
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TABLE 1
Prevalence of Any Repeat ACL Rupture Over the 7-Year Study Perioda

Variable All Ages (n = 267) Adolescentsb (n = 44) Adultsb (n = 223) P

ACL graft rupture 11 (4) 5 (11) 6 (3) .008
CACL rupture 27 (10) 10 (23) 17 (8) .002
Any further ACL rupture 38 (14) 15 (34) 23 (11) .001

aData are reported as n (%). Bold P values indicate statistically significant differences between groups (P \ .05). ACL, anterior cruciate
ligament; CACL, contralateral anterior cruciate ligament.

bAdolescents were defined as patients aged �19 years; adults were defined as patients aged .19 years.

Figure 2. Kaplan-Meier survival chart of the ACL graft and contralateral ACL over 7 years. ACL, anterior cruciate ligament.

Figure 3. Kaplan-Meier survival chart of the ACL graft in adolescents and adults over 7 years. ACL, anterior cruciate ligament.
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Return to Sports

A total of 165 (62%) patients reported a return to netball at
any time after their surgery. Returning to netball was
reported by 89% (n = 39) of adolescents and 57% (n =
126) of adults (P = .001). Results of the CACL survival
analysis according to return to CSAS level 1 sport are
shown in Figure 5.

There were 229 patients with intact ACL and CACL at
the follow-up who were invited to complete subjective out-
comes at a mean of 110 months (range, 60-181 months).
Returning to netball was reported by 134 of 229 (58%) of

these patients. Of the 96 who did not return to netball,
67 (70%) reported that it was because of their operated
knee, and the remaining patients cited other reasons.
The mean CSAS score was 79.

ACL-RSI Scale

Of the 229 patients with an intact ACL graft and CACL 7
years after ACLR, 217 patients completed the ACL-RSI scale,
with a mean score of 53. The overall ACL-RSI score was high-
est in those who had returned to netball (P = .001) but was

Figure 4. Kaplan-Meier survival chart of the contralateral ACL in adults and adolescents over 7 years. ACL, anterior cruciate ligament.

Figure 5. Contralateral ACL survival analysis according to return to CSAS level 1 sport over 7 years. ACL, anterior cruciate lig-
ament; CSAS, Cincinnati Sports Activity Scale.
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not affected by age in those without further ACL injury. Age
was not significantly correlated with ACL-RSI overall (P =
.108) or the Fear of Reinjury subscore (P = .560).

DISCUSSION

The findings of this study demonstrated that ACLR with
a hamstring tendon autograft is a suitable option for
female netballers who sustain an ACL rupture. Graft rup-
ture and contralateral ACL rupture occurred in 11 (4%)
and 27 (10%) female netballers, respectively, at 7 years
after ACLR. Returning to netball was seen in 62% of
patients. Adolescents were more likely to return to netball
and suffer repeat ACL injuries. As expected, greater psy-
chological readiness was also associated with a successful
return to netball.

The rate of CACL injury (10%) was more than double
that of the ACL graft rupture (4%) in female netballers.
In previous studies from our institution, ACL graft and
CACL rupture rates were equivalent when examining
large cohorts that involved all sports.45 In a recent study
of soccer players from our institution, ACL graft rupture
rates were 10%, and CACL injury was 8% at 5 years
when both sexes were included.32 If only female soccer
players were evaluated, the rate of ACL graft rupture
was 6%, and the rate of CACL rupture was 10% at 5 years
(P = .023), similar to that of the netball cohort. These
results suggest that a sex bias exists with higher rates of
CACL injuries compared with ACL graft injuries after
ACLR seen in female netball and soccer players, a phenom-
enon that is not seen in men. This has implications for tai-
loring rehabilitation programs in women to ensure that
neuromuscular retraining is completed for both knees
rather than focusing on the reconstructed side.

In this study, younger age was the only significant pre-
dictor of ACL graft rupture. A subsequent ACL injury to
either knee was reported by 34% of adolescents, inclusive
of 11% sustaining ACL graft rupture and 23% sustaining
CACL rupture. Notably, adolescents were 3 times more
likely to have a repeat ACL injury of either knee compared
with adults. The association between younger age and ACL

reinjury after ACLR is well documented and considered
multifactorial.1-3,28,41,43,46,51 Younger patients have a greater
rate of RTS after ACLR.10,29,51 In this study, 89% of adoles-
cents returned to netball, compared with 57% of adults (P =
.001). Secondary to this, age may also be a proxy for other
factors, such as higher participation in more strenuous
activities and greater risk-taking behaviors.51

Other considerations of a higher reinjury rate for youn-
ger age-groups are postulated to be altered neuromuscular
control, biomechanics, and anatomy.22,34,51 ACL injuries in
netball typically occur during a dynamic landing task,
often a noncontact injury. Video analysis in netballers
have described the mechanism of ACL injury associated
with knee valgus collapse, with a rotating and laterally
flexed trunk upon landing.49 It is proposed that these bio-
mechanics continue to be altered after ACLR. The JUMP-
ACL study reported decreased sagittal plane loading in the
reconstructed limb and increased hip adduction and knee
valgus in both limbs compared with uninjured, matched
controls.20 Paterno et al40 reported that altered biome-
chanics during a dynamic landing task were predictors of
second ACL injury. These findings have prompted knee
injury prevention programs to be designed in Australia36

and New Zealand37 for netball specifically, with subse-
quent improvements in biomechanics.23 Heath et al21

recently reported that although movement quality is mod-
erately associated with physical activity levels, age was
a greater predictor, with younger groups having poorer
movement quality. It is important to, therefore, promote
knee injury prevention programs and counsel on the risks
of repeat ACL injury in adolescents.

The rate of return to netball among patients after sur-
gery was 62% at a mean follow-up of 8 years. No other
long-term studies have investigated the rates of RTS in
netballers. Ardern et al4 reported that 49% of netballers
had returned to some level of the sport at 1 year. As
expected, participation rates increase after 1 year. Our
results are comparable with those of a meta-analysis of
RTS after ACL, which reported a 63% return to preinjury
level of participation at a mean follow-up of 42 months.5

The RTS rate in the present study was slightly lower com-
pared with the 70% rate of RTS in a soccer cohort from the

TABLE 2
Significant Predictors of 7-Year Survival of ACL Graft and CACL on Multivariate Regression Analysisa

Variable Survival at 7 Years HR (95% CI) P

Predictors of ACL graft survival 4.5 (1.4-14.6) .014
Adolescentsb 44 (89)
Adultsb 223 (97)

Predictors of CACL survival 2.5 (1.2-5.5) .021
Adolescentsb 44 (73)
Adultsb 223 (92)

Return to CSAS level 1 sport 10.3 (1.4-77.1) .023
Yes 186 (87)
No 81 (99)

aData are reported as n (%). Bold P values indicate statistical significance (P \ .05). ACL, anterior cruciate ligament; CACL, contralateral
anterior cruciate ligament; CSAS, Cincinnati Sports Activity Scale; HR, hazard ratio.

bAdolescents were defined as patients aged �19 years; adults were defined as patients aged .19 years.
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same institution.32 We hypothesized that the sex-based
bias of our cohort contributed to lower levels of RTS, which
is supported by results from other studies.4,10 In this study,
higher rates of RTS were observed in adolescents com-
pared with adults (89% vs 57%; P = .001). This finding is
consistent with those in the ACLR literature29,30 and gen-
eral sporting populations, where an age-related decline in
participation has been observed.48

Returning to jumping, hard pivoting, and cutting sports
was associated with greater odds of CACL injury but not
ACL graft rupture. The lack of effect of RTS on graft rup-
ture may be due to the diluting effect of early ACL graft
injuries within the first year before an RTS was permitted.
After 12 months, all ACL graft ruptures were sustained
during jumping, pivoting, or cutting sports. An RTS should
be considered to increase the risk of further ACL injury to
both knees.14,32

Mounting evidence suggests that psychological factors
play an important role in whether patients return to their
sports postoperatively.5,16,31 AusPlay, an Australian
annual survey of sports participation, identified some top
reasons to stop playing netball as ‘‘time constraints,’’
‘‘injury,’’ and ‘‘fear of injury.’’48 There is a known discrep-
ancy in the physical (ie, strength, stability) and activity-
based outcomes (eg, International Knee Documentation
Committee score) of ACL-reconstructed knees and the
RTS rate.4,16 Until recently, physical and functional
assessments, in combination with time points, have largely
determined the safety of RTS. Increasingly, there are pro-
posals to consider psychological readiness for RTS. In this
study, the ACL-RSI score was highest in those who had
returned to netball. This finding is consistent with those
of previous studies,32,44 with Faleide et al15 identifying
that ACL-RSI of\47 at 9 months after ACLR is a predictor
of not returning to sports. A 2020 study by O’Connor et al38

reported that the traditional strength and power assess-
ment after ACLR has little or no correlation to ACL-RSI
scores. This finding indicates that assessing those at risk
of having lower psychological readiness is important to
ameliorate RTS rates.

Limitations

Because of the self-reported nature of the follow-up in this
study, there is an inherent risk that the incidence of ACL
graft rupture is higher than reported, as ACL status was
not confirmed clinically. Atraumatic ACL graft failures
may have occurred and may not be recognized, especially
in low-demand patients. To minimize this issue, patients
who reported further injuries to either knee during the
study period were encouraged to attend an assessment in
our clinic. There was a sex bias within this study because
of the sports-specific nature of netball, a predominantly
female-played sport. As previously discussed, women are
more likely to sustain CACL injury and less likely to
RTS after ACLR. Further research is needed to determine
whether there are sex differences among netballers. The
follow-up was achieved in 80% of patients. While we con-
sider this an acceptable rate at 7 years postoperatively,

we acknowledge that a higher follow-up rate would
allow for greater confidence in the study’s findings.
Reassuringly, the characteristics of those lost to follow-up
were not significantly different from those reviewed
at 7 years postoperatively. Patient-reported outcome
measures—including the CSAS and ACL-RSI scores—
were only used at the follow-up point and only investigated
for those with an intact ACL graft and CACL. Further
research is warranted to determine whether these scores
change over time and whether they are associated with
repeat ACL injury.

Clinical Implications

This study provides clinicians with netball-specific ACLR
outcomes to further guide their decision-making and allow
their patients to make an informed decision particular to
their situation. It guides practitioners to optimize their
rehabilitation protocols for those who are at risk of reinjury
and suggests that we must continue to consider the psycho-
logical readiness of a patient in RTS.

CONCLUSION

The prevalence of repeat ACL injury was higher in the con-
tralateral knee (10%) than the ACL-reconstructed knee
(4%) at 7 years postoperatively. ACLR is suitable for
female netballers who sustain an ACL rupture with low
long-term graft rupture rates. Repeat ACL injuries were
more common in adolescents and those who returned to
cutting and pivoting sports. Adolescents had a 1 in 3
chance of repeat ACL injury after ACLR. Notably, at 7
years postoperatively, the prevalence of CACL rupture
was more than double the graft rupture rate. Return to
netball occurred in 62%, with adolescence and a higher
ACL-RSI score being predictors for RTS. The results of
this study indicate that further efforts are required to
reduce the risk of reinjury in younger populations return-
ing to netball.
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