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Abstract

Introduction. The study aimed to determine whether delaying
reconstruction of the anterior cruciate ligament significantly
affects return to sporting activity, surgical outcomes, and rates
of associated knee injuries, and to identify reasons for delay.
Material and Methods. The study included 1,020 patients of
both sexes (80% men and 20% women); 67% were recreational
athletes, and 51% were footballers. All patients filled out a ques-
tionnaire, which contained functional activity scales. Patients
were divided into an early-operated group (n = 320, surgery
between 3 weeks and 3 months after injury) and a delayed-
operated group (n =700, surgery more than 3 months after
injury). Results and Discussion. The mean preoperative Teg-
ner score was 4.49, and the postoperative score was 5.72. The
mean preoperative Lysholm score was 73.28, rising to 92.08
postoperatively. The longer the interval before diagnosis, sur-
gery, and resumption of running, training and competing, the
lower the resulting activity scores. Early reconstructions were
associated with higher mean postoperative scores than delayed
reconstruction on both the Tegner scale (6.2 vs 5.5) and the
Lysholm scale (93.1 vs 91.6). The early-operated group also had
a lower rate of medial meniscal injury (20% vs 26%), and less
cartilage damage (12.2% vs 22.3%). Patients’ own (subjective)
reasons accounted for 61% of delays. Conclusion. The ideal
timing for reconstruction is patient-specific and depends on
resolution of swelling and restoration of knee range of motion
and muscle strength. Delaying surgery beyond 3 months is
associated with secondary injury to the medial meniscus and
cartilage, and with poorer functional and sporting outcomes.
Key words: Anterior Cruciate Ligament Reconstruction; Treat-
ment Outcome; Prognosis; Time Factors; Lysholm Knee Score

Introduction

Reconstruction of the anterior cruciate ligament
improves quality of life and allows a return to sport-
ing activity [1-3]. Even so, fewer than half of patients

Sazetak

Uvod. Cilj studije predstavlja utvrdivanje da li odlaganje rekon-
strukcije prednjeg ukr$tenog ligamenta znacajno uti¢e na: po-
vratak sportskim aktivnostima, rezultat operacije, udruzene
povrede kolena i analizira razloge za odlaganje operacija. Mate-
rijal i metode. U uzorku dominiraju: 80% muskaraca, 67% re-
kreativnih sportista i 51% fudbalera. Svih 1.020 operativno lece-
nih pacijenata kost—tetiva—kost metodom preoperativno i 12
meseci postoperativno popunjavali su upitnik, koji je sadrzao
funkcionalne skale aktivnosti. Podelili smo ih u grupu 320 rano
operisanih: izmedu tri nedelje i tri meseca nakon povrede (pro-
se¢no 2,2 meseca) i grupu 700 odloZeno operisanih (vise od tri
meseca, prose¢no 14,8 meseci). Rezultati i diskusija. Ukupan
prose¢ni Tegnerov skor (Tegner) pre operacije iznosi 4,49, a po-
stoperativni 5,72. Prose¢an preoperativni LiSolmov skor (Lys-
holm) je 73,38, a postoperativni 92,08. Sto duzi period vremena
protekne do postavljanja dijagnoze, pocetka tréanja, treniranja i
takmicenja, nize su vrednosti bodovnih skala. Rane rekonstruk-
cije imaju viSe prose¢ne postoperativne vrednosti od kasnih po
pitanju Tegner skora (6,2 naspram 5,5), kao i LiSolmove skale
(93,1 naspram 91,6). Rano operisana grupa ima manju u¢estalost
povreda unutragnjeg meniskusa (20% naspram 26%), kao i reda
o$tecenja hrskavice (12,2% naspram 22,3%). Subjektivni razlozi
pacijenata uzrok su odlaganja operacije u 61% slucajeva. Zaklju-
c¢ak. Idealno vreme za rekonstrukciju prednjeg ukrstenog liga-
menta je individualno i uslovljeno smanjenjem otoka i postiza-
njem zadovoljavajuceg preoperativnog obima pokreta kolena i
misi¢ne snage. Odlaganje operacije duze od tri meseca nakon
povrede dovodi do sekundarnih povreda unutra$njeg menisku-
sa i hrskavice, kao i losijeg nivoa Zivotnih i sportskih aktivnosti.
Kljucne redi: rekonstrukcija prednjeg ukrstenog ligamenta; is-
hod le¢enja; prognoza; vremenski factor; Lisholm skor

(only 28-55%) return to their previous level of sport-
ing activity 1 year after surgery [4-6].

Athletes, sports clubs and the health system often
press for early diagnosis and surgery, raising the ques-
tion whether this haste leads to worse outcomes in
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Abbreviations

ACL - anterior cruciate ligament
BPTB - bone-patellar tendon-bone
HT - hamstring tendons

BMI - body mass index

terms of pain, instability, complications, re-operations
and delayed return to unrestricted activity [6-8].

In Canada, the average interval from injury to
surgery is 9.5-11.5 months [7], whereas in the United
States this interval is considerably shorter, at 3-5
months [8], as is the case in Scandinavian countries,
at around 5 months [5].

In the absence of consensus on the ideal timing
for surgery, this study aimed to determine the waiting
time for surgery in our population, whether the in-
terval between injury and ACL reconstruction affects
the rate of associated injury and the surgical outcome
(as measured by activity scores), and the reasons for
delayed surgery in our sample.

Material and Methods

This multicentre study was conducted at the Clin-
ic for Orthopaedic Surgery and Traumatology, Clini-
cal Center of Vojvodina, in Novi Sad, and at the De-
partment of Orthopaedic Surgery and Traumatology,
Subotica General Hospital. It was designed as a de-
scriptive, retrospective study, and was approved by the
Ethics Committee of the Clinical Center of Vojvodina.

We surveyed 1020 respondents with ACL injury
who underwent surgery between 1 January 2010 and
31 January 2019. To minimise variability arising from
surgeon or technique, all patients were operated on by
one of two surgeons (with around 6,000 and more than
500 prior surgeries, respectively), working at different
institutions, using bone-patellar-tendon-bone (BPTB)
graft [9] fixed with interference titanium screws, fol-
lowed by an identical rehabilitation protocol [10].

Before surgery and 1 year after, patients completed
a questionnaire covering circumstances of the injury,
subjective complaints, and current knee function [11].
Data recorded for all patients included: age, sex, level
of sporting activity; time intervals from injury to di-
agnosis, from injury to surgery, from surgery to re-
sumption of running, training and competition.

The Tegner activity scale [12] ranges from 0 to 10.
A score of 10 denotes competitive sports such as foot-
ball at national and international level; 9, competitive
sports at high intensity (e.g. lower league football, ice
hockey, wrestling, gymnastics); 8, high recreational
and competitive lower intensity sports (e.g. badmin-
ton, athletics [jumping], downhill skiing); 7, frequent
recreational (e.g. football, squash, cross-country track)
and competitive (e.g. tennis, athletics [running], mo-
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tocross, handball); 6, recreational sports (e.g. tennis,
badminton, handball, basketball, downhill skiing, jog-
ging at least five times a week); 5, recreational (e.g.
jogging at least two times a week on uneven ground),
work (e.g. heavy labour, forestry), competitive (e.g.
cycling, cross-country skiing); 4, recreational (e.g. cy-
cling, cross-country skiing, jogging at least two times
a week on even ground), work (e.g. moderately heavy
physical work such as housework); 3, competitive and
recreational sports (e.g. swimming, walking in rough
forest terrain), work (e.g. light labour); 2, work (e.g.
light physical work, walking on uneven ground); 1,
work (e.g. walking on even ground, sedentary work);
0, disability due to knee problems.

On the Lysholm scale [13], a maximum 100 points
are available: instability and pain together account for
half of the total score (0-25 points each), with further
points allocated for blocking/locking of movement
(0-15), swelling (0-10), stairs climbing (0-10), and sup-
port, walking and squatting (up to 5 points each).

Patients were divided into two groups: an early-
operated group of 320 patients who underwent sur-
gery between 3 weeks and 3 months after the injury,
and a delayed-operated group of 700 patients who
underwent surgery more than 3 months after injury.
We assessed the effect of surgical timing on associ-
ated meniscal and cartilage injuries using repeat
clinical examination and on functional outcomes us-
ing the Tegner and Lysholm scales.

Associated meniscal and cartilage injuries were
identified from operative records and compared be-
tween groups.

700 patients for whom time from injury to surgery
was longer than 3 months were asked to identify the
single most important reason for delay. The reasons
offered were: a) broadly subjective factors (e.g. the end
of a sporting career, fear of surgery [pain, infection
and other complications], fear of surgery failure [e.g.
continued knee dysfunction], educational commit-
ments [high school or university], family commit-
ments [e.g. pregnancy, childcare], occupational com-
mitments [e.g. inability to take extended leave], vol-
untary delay in seeking an initial orthopaedic assess-
ment, or other/unknown reasons); b) objective fac-
tors, such as excessively long waiting lists and delayed
referral for MRI (and thus delayed diagnosis).

Our sample comprised 815 men (79.9%) and 205
women (20.1%). The youngest patient at the time of
surgery was 15 years old, and the oldest was 56 years
old; the mean age was 27.2 years. Preoperative body
mass ranged from 49 kg to 176 kg, and height from 147
cm to 207 cm. Mean height was 179.6 cm in the early-
operated group and 181.2 cm in the delayed-operated
group. Mean body mass index (BMI) was 24.6 and was
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Table 1. Associated injuries in groups of early and late operated patients

Early surgery Delayed surgery Total
(N 320) (N 700) (N 1020)
Medial meniscus 64 (20%) 182 (26%) 246 (24.1%)

Lateral meniscus
Chondral lesion (grade III/IV)

46 (14.4%)
39 (12.2%)

107 (15.3%)
156 (22.3%)

153 (15%)
195 (19.1%)

higher in men (25.21) than in women (22.26). Mean
body mass was 80.5 kg in the early-operated group and
81.6 kg in the delayed-operated group.

Injury occurred during sporting activities in 985
patients (96.6%); the remaining 35 injuries occurred
during road traffic accidents, at work, or during eve-
ryday activities. The most common causative sport
was football (n = 519; 50.9%), followed by basketball
(n = 174; 17.1%), handball (n = 102; 10%), martial arts
(n = 61; 6%), skiing (n = 35; 3.4%), and volleyball (n =
33; 3.2%). Other sports, including American football
(rugby), tennis, athletics and gymnastics, accounted
for the remaining injuries (n = 61; 6%).

Most patients were recreational athletes (n = 679;
66.6%), with professional athletes (n = 306; 30%)
competing at international, national, or regional
level, and only (n =35; 3.4%) patients reported no
sporting activities.

Data were analysed using IBM SPSS Statistics v. 23
and Microsoft Excel 2013. Numerical variables are pre-
sented as minimum, maximum, mean and standard
deviation; categorical variables are presented as abso-
lute and relative frequencies. Non-parametric methods
were used throughout; correlations between numerical
variables were assessed using Spearman’s rank correla-
tion, and categorical variables were compared using
the x* test. Statistical significance was set at p<0.05.

Exclusion criteria were: age under 15 years (as our
institutions do not treat patients younger than 15
years); previous knee injury, surgery or re-operations;
incomplete or unreturned questionnaires; and failure
to complete rehabilitation.

Results

Across the whole sample, the mean interval from
injury to surgery was 10.6 months. In the early-oper-
ated group, the mean interval from injury to diagno-
sis was under one month (28.6 days), and surgery was
performed within 3 months of injury (mean 2.2
months). In the delayed-operated group, the mean
interval from injury to surgery was 14.8 months, com-
prising 8.5 months of waiting for diagnosis and 6.3
months waiting for surgery.

Among the 700 patients who waited more than 3
months for surgery, the principal reason given was

subjective in 427 cases (61%); the remaining 273 pa-
tients (39%) reported that they had wanted earlier
surgery, but were delayed by the waiting list for sur-
gery (n = 211; 30.1%) or for MRI (n = 63; 9%). There
was no dominant subjective reason: educational com-
mitments accounted for 93 cases (13.3%), the end of
a sporting career for 60 (8.6%), voluntary delay in
seeking initial orthopaedic assessment (for example
consulting a chiropractor first) 55 cases (7.9%), fear
that surgery would fail 49 (7%), fear of surgery itself
36 (5.1%), occupational commitments 22 cases (3.1%),
and pregnancy or childcare for 15 (2.1%) cases. The
remaining 96 (13.7%) patients could not identify a
specific reason for the delay.

Isolated ACL injury occurred in 530 (52%) cases;
246 (24.1%) patients had a combined injury involving
the medial meniscus; 153 (15%) of the lateral menis-
cus; and 195 (19.1%) had more severe articular carti-
lage damage (grade 3 and 4 chondromalacia). Eighty-
four patients had combined damage to the ACL,
meniscus and articular cartilage.

Table 1 summarises associated injuries by group.
In addition to ACL reconstruction, partial meniscec-
tomy of the medial meniscus was performed in 64
(20%) patients in the early-operated group, and 182
(26%) patients in the delayed-operated group.

Lateral meniscal injury occurred in 46 (14.4%)
patients in the early-operated group, and 107 (15.3%)
in the delayed-operated group.

Table 2. Patients categorised by Tegner score

Tegner score Preoperative Postoperative
0 40 1

1 127 5
2 82 32
3 112 92
4 205 189
5 84 83
6 149 178
7 81 156
8 95 36
9 45 150
10 0 98
Average 4.40 6.17
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Table 3. Difference between groups in mean activity score

Tegner Lysholm
Preoperative Postoperative Preoperative Postoperative
Delayed surgery 4.44 5.50 73.86 91.60
Early surgery 4.61 6.20 72.00 93.12
Average 4.40 6.17 73.28 92.08

Cartilage damage was significantly less common
in the early-operated group than in the delayed-op-
erated group (12.2% vs 22.3%).

Overall, medial meniscal injury and severe ar-
ticular cartilage damage were both significantly more
common in the delayed-operated group (p<0.05). The
difference between groups in lateral meniscal injury
was not significant (p>0.05).

Tegner scores are shown in Table 2: the mean pr-
eoperative score was 4.49, rising to 5.72 postopera-
tively. The early-operated group had a higher mean
postoperative score than the delayed-operated group
(6.2 vs 5.5) (Table 3).

Postoperative Tegner score correlated significant-
ly with the interval from injury to diagnosis (p=-
0.239, p<0.000) and from injury to surgery (p=-0.348,
p<0.000).

Postoperative Tegner score also correlated nega-
tively and moderately strongly with the interval from
surgery to the resumption of running (r=-0.449,
p<0.000), and training (r=-0.341, p<0.000), and
strongly with the interval to the resumption of com-
petition (r=-0.505, p<0.000).

Preoperative Tegner score correlated significantly
with preoperative Lysholm score (r=0.138, p<0.000).
The mean preoperative Lysholm score was 73.28 (SD
18.17), rising significantly to 92.08 (SD 7.92) postop-
eratively. Early reconstruction was associated with a
slightly higher, though not statistically significant,
mean postoperative Lysholm score than delayed re-
construction (93.1 vs 91.6) (Table 3).

The Lysholm score also correlated negatively with
the interval from surgery to resuming running (r=-
0.222, p<0.000), training (r=-0.098, p=0.01), and com-
petition (r=-0.129, p<0.001).

The interval from injury to surgery correlated
moderately strongly with the interval from diagnosis
to surgery (p=0.355, p<0.000).

Preoperative Tegner score showed a very weak
positive correlation with the interval from diagnosis
to surgery (p=0.081, p=0.031). Tegner score differed
significantly by level of sporting activity (x?
(30)=281.732, p<0.000): professional athletes had sig-
nificantly higher postoperative Tegner scores than
recreational athletes or non-athletes.
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Discussion

Active athletes represent the population at greatest
risk of ACL injury; in this study, they were 30 times
more likely to be represented than non-athletes [1-
6,14]. The incidence of ACL injury is about 0.03 in the
general population but as high as 1.6 among active
athletes [6,14]. The epidemiological importance of this
injury is further underlined by recent evidence that 1
in 4 young patients who return to high-risk sport after
ACL reconstruction sustains a repeat rupture of the
same or contralateral knee during their career [15,16].

Three questions dominate modern sports-trau-
matology debate on ACL surgery: should every com-
plete rupture be operated on; what is the ideal time
to operate; and when is it safe to return to training
and competition after surgery.

Since natural processes such as graft ligamentisa-
tion cannot currently be accelerated, some authors
recommend a return to unrestricted sporting activi-
ties at 6 months after reconstruction [9,10], while oth-
ers argue that 9-12 months after reconstruction is
more appropriate, given the risk of graft failure and
re-rupture [4-6]. A safe return to competition at 6
months is possible only in the absence of knee insta-
bility, pain, swelling, or other complications, and only
once proprioception and at least 90% of muscle
strength have been restored [2,9,16]. Although the
graft strength can initially exceed that of the native
ligament, it weakens during ligamentisation (the
process by which the graft is remodelled into a liga-
ment) [16]. The graft does not begin to resemble a
native ligament until around 6 months, with final
maturation at approximately 1 year after the opera-
tion [17]. Vascularisation occurs 4 to 6 weeks after
surgery, during which period the graft is structur-
ally weaker and more vulnerable to tearing forces [17].
Remodelling of the new ligament is complete by 30
weeks, with maximum collagen strength, resistance,
and proprioceptive recovery reached at around 39
weeks (9 months) [16-18]. Accordingly, there is grow-
ing evidence that returning to competition before 9
months substantially increases the risk of re-injury.
Each additional month of delay reduces the risk by
about 50% [19], and returning at 6 months carries up
to 7 times the risk of returning at 9 months [17]. It
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would therefore appear more effective to shorten the
wait for surgery while allowing a longer interval be-
fore returning to sports [4-6,16-19].

Whether every ACL injury warrants surgery re-
mains a topic of debate among surgeons and patients
alike. Patients without significant post-injury symp-
toms, such as functional limitations and instability,
are termed “copers” [19]; “non-copers”, by contrast,
cannot resume high-level sporting activity. With re-
habilitation, however, copers may become non-copers
and vice versa over time, further complicating deci-
sions about whether and when to operate [19]. This is
why assessing each patient’s level of physical activity
(via the Tegner score) is useful: sports can be stratified
by risk into level 3 (lower risk), comprising cross-
country skiing, cycling, swimming, and gym exer-
cises; level 2, comprising volleyball, martial arts, gym-
nastics, ice hockey, tennis, squash, alpine/telemark
skiing, snowboarding, dance/fitness and aerobics; and
level 1 (highest risk), comprising handball, football
and basketball (owing to the high risk movements
such as pivoting, landing and rapid changes of direc-
tion these sports involve) [14,19]. In our sample, 96%
of injuries occurred during sport, with two-thirds oc-
curring during level 1 activities. Physical demands
also vary within a single sport: for example, between
a professional footballer training twice a day with fre-
quent matches, an active recreational athlete training
tive times weekly, and an occasional recreational ath-
lete training less than once a week. Notably, our sam-
ple included no ballerinas, dancers, or ice hockey
players; this is not because ACL injuries do not occur
in these groups, but because such activities are less
popular in Serbia than ball sports [1-3,14,16].

Age, sex, and BMI are important considerations
when planning the timing of surgery, particularly in
adolescents, women, and obese patients who partici-
pate in high-risk activities such as skiing and ball
sports [14,20-22]. We did not use hamstring grafts in
this study; in general, our choice of graft is guided by
the patient’s occupation to avoid anterior knee pain in
those whose work activities involve kneeling (for ex-
ample: clergy, car mechanics, and plumbers, as well as
female athletes) for whom we favour a hamstring graft.
For professional and active recreational athletes, we
favour a BPTB graft, consistent with recommendations
that these are used for patients engaged in demanding
physical activities such as football, basketball, handball,
volleyball and alpine skiing [23-26]. In older patients,
and in those engaged in lower-risk activity, hamstring
reconstruction remains the method of choice [24,25].
Miller and Gladstone, and McAleese et al. found re-
rupture within 5 years of surgery to be 4.6 times more
frequent with hamstring tendon (HT) reconstruction

than with BPTB reconstruction among patients in the
high-risk category (level 1) (19.7% vs 4.3%) [24,25].
Other authors report that revision rates after BPTB
autografts remain within an acceptable range of 2-5%
[2,26], which is why we used this graft in our sample
of primary reconstructions.

The waiting time between injury and surgery de-
pends on numerous patient-related factors (e.g. time
to presentation, fear of surgery, motivation for treat-
ment, preoperative knee status, and family or occu-
pational commitments), as well as physician-related
factors (e.g. interval to correct diagnosis, institution-
al waiting lists, and the surgeon’s experience with this
injury) [27]. In our experience, professional athletes
typically request the earliest possible surgery, accept-
ing that they will still lose at least 6 months of their
career. In contrast, female athletes more often delay
surgery towards the end of their careers, and students
more often schedule surgery during academic holi-
days to minimise absence from study. A further com-
plication is that one surgeon may agree to a profes-
sional athlete’s request, whilst the other one may
decline it, as they believe it may be less safe for the
athlete in the long term. There is also a paramedical
dilemma: if one surgeon does not grant a profession-
al athlete’s wish, another will, even if it is less safe in
the long term.

There is evidence supporting the safety of surgery
within the first week after the injury [28]. In com-
parison of patients with high recreational activity lev-
els (Tegner score > 6) operated on within the first week
versus those operated on between 6 and 10 weeks after
injury, no significant difference was observed at 3
months and at 6 months. The early operated group
had significantly less thigh muscle atrophy, although
this difference subsequently resolved between groups.
However, delayed surgery was associated with sig-
nificantly higher costs, owing to longer rehabilitation
and absence from work (89 vs 57 days), making early
surgery more cost-effective [28].

In our sample, subjective factors accounted for
61% of delays. In contrast, other authors [4] report
that fear of surgical failure (in 80% of cases) out-
weighs motivation and life factors such as occupation,
family commitments and education. Our patients’
mean wait for surgery, at almost 11 months, is com-
parable with that reported in Canadian public hospi-
tals [7]. In contrast, waiting times in the United States
and Scandinavia are typically 3-5 months after in-
jury [5,8]. As our study included only patients treated
in state institutions, it likely under-represents Serbian
professional athletes, many of whom are treated pri-
vately and may receive even quicker diagnosis and
treatment than those in our study sample. In our
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delayed-operated group, it took about 8.5 months on
diagnostics alone.

Some authors [20] believe that the timing of sur-
gery is as important to the outcome as the surgical
technique itself, in keeping with the principle that the
smart choose the right moment, the superstitious an-
ticipate it, and the less smart ignore it.

There is now substantial evidence that waiting for
longer than 6 months for ACL surgery leads to recur-
rent knee instability and secondary injuries to other
knee structures that may otherwise have been avoid-
ed [20,21,29-31]. We similarly found that medial me-
niscus injuries and severe articular cartilage damage
were significantly more common in the delayed-op-
erated group (p<0.05). A Norwegian study [32] esti-
mated that each month’s delay between injury and
surgery increases the risk of articular cartilage injury
by 1%, consistent with our findings that 12 months’
delay was associated with an 11% higher rate of chon-
dral pathology. On MRI, traumatic chondromalacia
typically presents as localised, deep, focal cartilage
defects with sharp, well-defined edges, often accom-
panied by acute bone marrow oedema or other joint
injuries (such as meniscal tears) [32]. Degenerative
chondromalacia, by contrast, features diffuse carti-
lage thinning, a broad, “crabmeat-like” zone of fibril-
lation, and chronic arthritic features such as subchon-
dral cysts or bone spurs [32]; the older patients in our
study with cartilage lesions showed features consist-
ent with degenerative chondromalacia.

An Italian study following patients with combined
ACL and meniscal injuries [31] likewise reported a
mean interval of 11 months from injury to surgery. It
concluded that older age and delayed surgery were
associated with meniscal damage, while sex and BMI
were not [22,31]. ACL rupture removes the knee’s prin-
cipal stabiliser, increasing load on other structures,
such as the meniscus, owing to non-physiological re-
distribution of forces [22]. Nonetheless, excessive haste
may not be warranted: a Swedish registry study that
followed 18,425 patients found that reconstruction
within the first 3 months after injury was associated
with a significantly higher rate of revision surgeries
(2.61% vs 1.64%), but with fewer meniscectomies and
less post-traumatic osteoarthritis at 10 years [29].

Thirty-five years ago, the principal concern with
early reconstruction (within 3 weeks of injury) was
postoperative arthrofibrotic contracture [34]; this was
reported in 18% of operations performed within 7
days of injury, compared with 6% in those performed
more than a month after injury [35]. It was subse-
quently shown that even surgery within the first
week, combined with more intensive rehabilitation,
can avoid this complication [28]. Current opinion
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holds that the preoperative state of the knee (swelling,
effusion, hyperthermia, muscle strength) is a more
important determinant of outcome than the timing
of surgery itself [27,30,36]. There is also evidence that
preoperative quadriceps weakness (below 20% of
physiological strength) is associated with significant-
ly worse outcomes at 2 years [36].

Alongside developments in surgical technique, pr-
eoperative and postoperative rehabilitation protocols
have been refined in recent decades [30], with an em-
phasis on achieving full range of motion, minimal or
no swelling, a physiological walking/gait pattern, and
adequate strength and muscle control before surgery.
As this process takes time, patients opting for delayed
surgery (beyond 6 months) should be advised that an
unstable, unoperated knee can lead to further menis-
cal and cartilage damage, as well as significant pain
and swelling [30]. We believe that an exception should
be made for combined ACL injury with a locked (in-
carcerated) meniscus, where preoperative rehabilita-
tion cannot achieve a satisfactory range of motion.
Conversely, premature surgery may not allow time for
spontaneous healing of the collateral ligaments, par-
ticularly the medial collateral ligament (MCL), which
has a greater capacity for healing than the ACL or me-
niscus [33]. Most isolated and incomplete MCL tears
are therefore managed conservatively, whereas ACL
and meniscal tears are more often treated surgically
[2,9,33]. Considerable debate remains, however, around
combined ACL and complete (grade ITII) MCL injuries
[33]; Westerman et al. found that MCL repair or re-
construction was associated with worse patient-report-
ed outcomes and lower activity levels than non-oper-
ative MCL management at 2-year follow-up [33]. Most
surgeons currently favour non-operative management
of MCL with bracing for at least 6 weeks, followed by
delayed ACL reconstruction [2,9,33].

A study of a similar-aged population, dominated
by footballers, reached a conclusion comparable to
ours: nearly one in 5 young athletes already had sig-
nificant cartilage damage [37]. In that study, medial
meniscal rupture was significantly more common
among patients reconstructed more than 3 months
after the injury, and chondral pathology was more
pronounced among those operated on more than 6
months after rupture [37]. The same authors noted
that some athletes continue to participate in sport
despite injury, thereby worsening knee pathology
while paradoxically reducing the apparent incidence
of isolated ACL rupture. Other studies have simi-
larly reported significantly more frequent meniscal
injury and degenerative change with delays beyond 1
year, and identify 3 weeks to 3 months after injury as
the optimal surgical window [32,37,38].
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The success of ACL reconstruction in our sample is
further evidenced by the mean Tegner score, which rose
from 4.5 preoperatively to 5.7 postoperatively, an im-
provement most pronounced in the early-operated
group (6.2). Across groups, mean Tegner score was
lower among patients who waited longer for surgery.
As expected, professional athletes achieved significant-
ly higher Tegner scores than recreational athletes and
non-athletes, reflecting the scale’s design [2,6,9,39,40].

Tegner scores depend on both the type of sport
played and whether it is pursued competitively or rec-
reationally. Some studies have included only profes-
sional footballers (mean Tegner score 9) as subjects, yet
found that only 65% of operated patients returned to
the same sport, and only 55% regained their former
level of activity [6]. Our results cannot reach an average
score of 9, given that the sample is dominated by rec-
reational athletes (66%) with a maximum score of 6-7.
A study following amateur footballers’ Tegner scores
also found an association between scores and a his-
tory of knee injury, with a 0.8 point decrease per dec-
ade of age and scores 0.7 points lower in women than
in men [39]. Other authors recorded a mean score of
8.7 2 years after ACL reconstruction, significantly
higher than the preoperative value of 6.9 [40]. A study
comparing autografts and allografts [41] found out-
comes ranging from 6.8 to 7.2, suggesting that the Teg-
ner score may be influenced by reconstruction method
- avariable we controlled for by using a BPTB autograft
throughout. We found no significant difference by age
and sex between groups, although other studies report
these as significant factors: one found a mean preop-
erative score of 5.58 in patients under 25 years versus
4.28 in older patients, and a postoperative score of 5.83
in the younger group versus only 4.33 in the older
group [42]. Our findings are consistent with this body
of evidence [39-42], with the Tegner score rising sig-
nificantly after surgery, indicating functionality and
sporting outcomes. A further indirect indicator of sur-
gical success is shown in Table 2: 40 patients consid-
ered themselves disabled and unable to run before
surgery, compared with only one after surgery. Simi-
larly, no professional footballer competed at national
or first division levels before surgery, compared with
98 afterwards. Overall, the longer the interval before
diagnosis, surgery, and the resumption of running,
training and competition, the lower the patients’ result-
ing activity scores.

The Lysholm score remains one of the most widely
used scales for pre- and postoperative assessment of
knee function, despite dating from 1982 [13]. Scores of
91-100 are considered excellent, 84-90 good, 65-83 sat-
isfactory, and below 64 poor. As surgical outcomes have
improved, these criteria have tightened, such that only

scores of 95-100 are now considered excellent [43]. In
both of our groups, mean scores exceeded 90, indicat-
ing that operated patients had no significant residual
problems with pain or instability (which together ac-
count for half the total score) or with daily activities.

Lysholm score also depends on the timing of the
assessment as knee function continues to improve over
time [44]. In one study, mean scores were 79.6 at 3
months after ACL reconstruction, 84.8 at 6 months,
88.0 at 1 year, and 89.0 at 2 years. Conversely, scores in
another cohort fell from 82 to 76 between 2 years and
a later follow-up, which was attributed to osteoarthritis
[45]. Outcomes may also vary by sport: in one com-
parison, weightlifters had lower preoperative scores
than non-weightlifters (58 vs 63) but higher postop-
erative scores (87 vs 84), reflecting greater improvement
among those who undertake resistance training [46].

An earlier study comparing Lysholm scores be-
tween BPTB and HT groups found no significant dif-
ference in outcome (94 vs 93 points). However, BPTB
results were more consistent, while the HT group had
more complications, including infection and re-rup-
ture [9]. Other studies report good outcomes even after
revision surgery, with a mean score of 88 [2]. A com-
parison of early and delayed ACL reconstruction found
that 1-year Lysholm scores were slightly higher after
early surgery (87.0-93.3) than after delayed surgery
(88.0-91.6) [28,47], a pattern broadly consistent with
our own findings (93.1 vs 91.6), albeit with a small ab-
solute difference. Other studies, like ours, have shown
better outcomes when ACL reconstruction is per-
formed within 3 to 5 months after injury than after a
year [47]. Other authors, however, maintain that evi-
dence for the superiority of early over delayed recon-
structions remains insufficient [48].

This study has several limitations. We did not ex-
amine the effect of early support or rehabilitation on
final surgical outcome, nor the relationship between
activity scales and quality of life. A further limitation
is the subjective nature of patient-reported outcomes,
as we did not use instruments to measure anterior
tibial translation or proprioception, nor did we for-
mally test thigh muscle strength before clearing pa-
tients to return to sports. Future research might use-
tully compare more homogeneous groups of athletes
- for example, early- versus late-operated profession-
al footballers, or recreational basketball or handball
players matched for competitive level.

Conclusion
The longer the interval before diagnosis, surgery,
and the resumption of running, training and compe-

tition, the lower the resulting activity scores.
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Patients” own (subjective) reasons are the most
common cause of delayed surgery.

The ideal time for anterior cruciate ligament recon-
struction is patient-specific and depends on the resolu-
tion of swelling and achievement of satisfactory preop-
erative range of motion and muscle strength.

Delaying surgery beyond 3 months after injury is
associated with secondary injury to the medial me-

niscus and cartilage, and with poorer functional and
sporting outcomes.

Early diagnosis and surgery should be a priority
for health systems, as they support an earlier return
to work and sporting activities, particularly among
young patients.

References

1. Risti¢ V, Risti¢ S, Maljanovi¢ M, Milankov V, Harhaji V,
Duri¢in A. Quality of life after bilateral anterior cruciate liga-
ment reconstructions. Med Pregl. 2015;68(9-10):308-15.

2. Milankov M, Mili¢i¢ A, Savi¢ D, Stankovi¢ M, Ninkovi¢ S,
Matijevi¢ R, et al. Revision anterior cruciate ligament reconstruc-
tion due to knee instability. Med Pregl. 2007;60(11-12):587-92.

3. Risti¢ V, Risti¢ S, Maljanovi¢ M, Pan V, Milankov V,
Harhaji V. Risk factors for bilateral anterior cruciate ligament
injuries. Med Pregl. 2015;68(5-6):192-7.

4. Hamdan M, Haddad BI, Amireh S, Abdel Rahman AMA,
Almajali H, Mesmar H, et al. Reasons why patients do not return
to sport post ACL reconstruction: a cross-sectional study. J
Multidiscip Healthc. 2025;18:329-38.

5.Hogberg J, Fridh E, Piussi R, Hamrin Senorski R, Cristiani
R, Samuelsson K, et al. Delayed anterior cruciate ligament re-
construction is associated with lower odds of returning to pre-
injury physical activity level at 12 months follow-up. Arthros-
copy. 2025;41(9):3401-12.e4.

6. Ardern CL, Taylor NF, Feller JA, Webster KE. Fifty-five
per cent return to competitive sport following anterior cruciate
ligament reconstruction surgery: an updated systematic review
and meta-analysis including aspects of physical functioning and
contextual factors. Br ] Sports Med. 2014;48(21):1543-52.

7. Guenther ZD, Swami V, Dhillon SS, Jaremko JL. Meniscal
injury after adolescent anterior cruciate ligament injury: how long
are patients at risk? Clin Orthop Relat Res. 2014;472(3):990-7.

8. Dumont GD, Hogue GD, Padalecki JR, Okoro N, Wilson
PL. Meniscal and chondral injuries associated with pediatric
anterior cruciate ligament tears: relationship of treatment time
and patient-specific factors. Am J Sports Med. 2012;40(9):2128-33.

9. Risti¢ V, Ninkovi¢ S, Harhaji V, Stankovi¢ M, Savi¢ D, Mi-
lankov M. Reconstruction of anterior cruciate ligament by using
two different techniques. Med Pregl. 2010;63(11-12):845-50.

10. Shelbourne KD, Klotz CJ. What I have learned about the
ACL: utilizing a progressive rehabilitation scheme to achieve
total knee symmetry after anterior cruciate ligament reconstruc-
tion. Orthop Sci. 2006;11(3):318-25.

11. Upitnik o vasem zdravlju [Internet]. [cited 2026 Apr 15].
Available from: https://www.astas.rs/wp-content/uploads/
2019/01/Upitnik-o-kvalitetu-zivota-posle-rekonstrukcije-pred-
njeg-ukrstenog-ligamenta-kolena.pdf.

12. Tegner Y, Lysholm J. Rating systems in the evaluation of
knee ligament injuries. Clin Orthop Relat Res. 1985;(198):43-9.

13. Lysholm J, Gillquist J. Evaluation of knee ligament sur-
gery results with special emphasis on use of a scoring scale. Am
J Sports Med. 1982;10(3):150-4.

14. Risti¢ V, Ninkovi¢ S, Harhaji V, Milankov M. Causes of
anterior cruciate ligament injuries. Med Pregl. 2010;63(7-8):541-5.

15. Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D,
Webster KE, Myer GD. Risk of secondary injury in younger
athletes after anterior cruciate ligament reconstruction: a sys-
tematic review and meta-analysis. Am J Sports Med.
2016;44(7):1861-76.

88

16. Risti¢ V, Ostoji¢ F, Milovi¢ M, Milankov V. Knee prop-
rioception of young volleyball players and ballerinas. Med Pregl.
2024;77(9-12):303-8.

17. Beischer S, Gustavsson L, Senorski EH, Karlsson J,
Thomeé C, Samuelsson K, et al. Young athletes who return to
sport before 9 months after anterior cruciate ligament reconstruc-
tion have a rate of new injury 7 times that of those who delay
return. J Orthop Sports Phys Ther. 2020;50(2):83-90.

18. Dragicevi¢-Cvjetkovi¢ D, Erceg-Rukavina T, Nikoli¢ S.
Proprioception recovery after anterior cruciate ligament recon-
struction - isokinetic versus dynamic exercises. Scr Med. 2021;52
(4):289-93.

19. Grindem H, Eitzen I, Engebretsen L, Snyder-Mackler L,
Risberg MA. Nonsurgical or surgical treatment of ACL injuries:
knee function, sports participation, and knee reinjury. The Dela-
ware-Oslo ACL cohort study. ] Bone Joint Surg Am. 2014;96(15):
1233-41.

20. Volpi P. Timing of anterior cruciate ligament reconstruc-
tion is just as important as a correct surgical procedure. Arthros-
copy. 2021;37(4):1221-2.

21. Brambilla L, Pulici L, Carimati G, Quaglia A, Prospero E,
Bait C, et al. Prevalence of associated lesions in anterior cruciate
ligament reconstruction: correlation with surgical timing and
with patient age, sex, and body mass index. Am ] Sports Med.
2015;43(12):2966-73.

22. Risti¢ V, Sumar V, Ra$ovi¢ P, Milankov V. The impact of
body mass index on results of reconstruction of anterior cruciate
ligament. Med Pregl. 2021:74(11-12):354-61.

23. Milankov M, Obradovi¢ M, Vranje§ M, Budinski Z.
Bone-patellar tendon-bone graft preparation technique to in-
crease cross-sectional area of the graft in anterior cruciate liga-
ment reconstruction. Med Pregl. 2015;68(11-12):371-5.

24. Miller SL, Gladstone JN. Graft selection in anterior cru-
ciate ligament reconstruction. Orthop Clin North Am. 2002;33
(4):675-83.

25. McAleese T, Welch N, King E, Roshan D, Keane N, Mo-
ran KA, et al. Primary anterior cruciate ligament reconstruction
in level 1 athletes: factors associated with return to play, rein-
jury, and knee function at 5 years of follow-up. Am J Sports Med.
2025;53(4):777-90.

26. Shelbourne KD, Benner RW, Gray T. Return to sports
and subsequent injury rates after revision anterior cruciate liga-
ment reconstruction with patellar tendon autograft. Am J Sports
Med. 2014;42(6):1395-400.

27. Evans S, Shaginaw J, Bartolozzi A. ACL reconstruction
- it’s all about timing. Int J Sports Phys Ther. 2014;9(2):268-73.

28. Eriksson K, von Essen C, Jonhagen S, Barenius B. No risk
of arthrofibrosis after acute anterior cruciate ligament reconstruc-
tion. Knee Surg Sports Traumatol Arthrosc. 2018;26(10):2875-82.

29. Snaebjornsson T, Hamrin Senorski E, Svantesson E,
Westin O, Persson A, Karlsson J, et al. Graft fixation and timing
of surgery are predictors of early anterior cruciate ligament revi-
sion: a cohort study from the Swedish and Norwegian knee liga-



Med Pregl 2026; LXXIX(3-6): 81-89. Novi Sad: mart-juni.

ment registries based on 18,425 patients. JB JS Open Access.
2019;4(4): €0037.

30. Haro MS, Shelbourne DK. Prevention and management
of loss of motion in anterior cruciate ligament surgery. Oper
Techn Sports Med. 2016;24(1):45-54.

31. Turati M, Caliandro M, Pierpaoli E, Tassistro E, Galim-
berti S, Andreacchio A, et al. Age and time to surgery are associ-
ated with concomitant meniscal injuries in adolescent ACL tears:
aretrospective cohort study were associated with a higher likeli-
hood of meniscal damage. Healthcare (Basel). 2026;14(4):491.

32. Granan LP, Bahr R, Lie SA, Engebretsen L. Timing of an-
terior cruciate ligament reconstructive surgery and risk of cartilage
lesions and meniscal tears: a cohort study based on the Norwegian
National Knee Ligament Registry. Am ] Sports Med.
2009;37(5):955-61.

33. Westermann RW, Spindler KP, Huston L], Wolf BR; MOON
Knee Group. Outcomes of grade III medial collateral ligament
injuries treated concurrently with anterior cruciate ligament re-
construction: a multicenter study. Arthroscopy. 2019;35(5):1466-72.

34. Shelbourne KD, Wilcken JH, Mollabashy A, DeCarlo M.
Arthrofibrosis in acute anterior cruciate ligament reconstruc-
tion. The effect of timing of reconstruction and rehabilitation.
Am J Sports Med. 1991;19(4):332-6.

35. Passler JM, Schippinger G, Schweighofer F, Fellinger M,
Seibert FJ. Complications in 283 cruciate ligament replacement
operations with free patellar tendon transplantation. Modification
by surgical technique and surgery timing. Unfallchirurgie. 1995;
21(5):240-6.

36. Eitzen I, Holm I, Risberg MA. Preoperative quadriceps
strength is a significant predictor of knee function two years
after anterior cruciate ligament reconstruction. Br J Sports Med.
2009;43(5):371-6.

37.Razi M, Salehi S, Dadgostar H, Cherati AS, Moghaddam
AB, Tabatabaiand SM, et al. Timing of anterior cruciate ligament
reconstruction and incidence of meniscal and chondral injury
within the knee. Int ] Prev Med. 2013;4(Suppl 1):S98-103.

38. Church S, Keating JF. Reconstruction of anterior cruciate
ligament: timing of surgery and the incidence of meniscal tear and
degenerative change. ] Bone Joint Surg Br. 2005;87(12):1639-42.
Rad je primljen 8. IV 2026.

Recenziran 2. VI 2026.
Prihvacen za $tampu 7. VI 2026.
BIBLID.0025-8105:(2026):LXXIX:3-6:81-89.

39. Frobell RB, Svensson E, Gothrick M, Roos EM. Self-report-
ed activity level and knee function in amateur football players: the
influence of age, gender, history of knee injury and level of compe-
tition. Knee Surg Sports Traumatol Arthrosc. 2008;16(7):713-9.

40. Tegner Y, Lysholm J, Gillquist J, Oberg B. Two-year fol-
low-up of conservative treatment of knee ligament injuries. Acta
Orthop Scand. 1984;55(2):176-80.

41. Edgar CM, Zimmer S, Kakar S, Jones H, Schepsis AA.
Prospective comparison of auto and allograft hamstring tendon
constructs for ACL reconstruction. Clin Orthop Relat Res. 2008;
466(9):2238-46.

42. Kamien PM, Hydrick JM, Replogle WH, Go LT, Barrett
GR. Age, graft size, and Tegner activity level as predictors of
failure in anterior cruciate ligament reconstruction with ham-
string autograft. Am J Sports Med. 2013;41(8):1808-12.

43. Panagopoulos A, Billis E, Floros GR, Stavropoulos T,
Kaparounaki E, Moucho M, et al. Cross-cultural adaptation of
the Greek versions of the Lysholm Knee Scoring Scale and Teg-
ner Activity Scale. Cureus. 2020;12(7):¢9372.

44. Risberg MA, Holm I, Steen H, Beynnon BD. Sensitivity
to changes over time for the IKDC form, the Lysholm score, and
the Cincinnati knee score: a prospective study of 120 ACL re-
constructed patients with a 2-year follow-up. Knee Surg Sports
Traumatol Arthrosc. 1999;7(3):152-9.

45. Jonsson H, Riklund-Ahlstrom K, Lind J. Positive pivot
shift after ACL reconstruction predicts later osteoarthrosis 63
patients followed 5-9 years after surgery. Acta Orthop Scand.
2009;75(5):594-9.

46. Tyler TF, McHugh MP, Gleim GW, Nicholas SJ. The effect
of immediate weightbearing after anterior cruciate ligament
reconstruction. Clin Orthop Relat Res. 1998;(357):141-8.

47. Ahlen M, Lidén M. A comparison of the clinical outcome
after anterior cruciate ligament reconstruction using a hamstring
tendon autograft with special emphasis on the timing of the recon-
struction. Knee Surg Sports Traumatol Arthrosc. 2011;19(3):488-94.

48. Shen X, Liu T, Xu S, Chen B, Tang X, Xiao J, et al. Opti-
mal timing of anterior cruciate ligament reconstruction in pa-
tients with anterior cruciate ligament tear: a systematic review
and meta-analysis. JAMA Netw Open. 2022;5(11):e2242742.

89



