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SUMMARY
Background. Anterior cruciate ligaments tears is one of the most frequent orthopae-
dics and sports medicine injuries in the athletically active population and timing of 
reconstruction represents a debated topic. The aim of the study is to compare range 
of motion (ROM) recovery and clinical outcomes between patients operated for acute 
reconstruction (maximum 2 weeks injury-surgery interval) and delayed reconstruction 
(minimum 3 weeks injury-surgery interval).
Methods. A total of 52 patients were prospectively involved in the study. 26 patients 
underwent acute reconstruction and 26 delayed reconstruction. A standard physical 
examination with Lachman and Pivot shift test and a passive ROM measurement with 
a goniometer were performed at each follow-up (2, 4, 8, 12 and 24 weeks postoper-
atively). Clinical outcomes were measured at final follow-up using Knee Injury and 
Osteoarthritis outcome score (KOOS), Tegner Lysholm Score and International Knee 
Documentation Committe (IKDC 2000) and KT-1000 evaluation. Single-leg hop test 
and thigh circumference measurement were performed at final follow-up.
Results. Both groups showed no statistically significant differences regarding the ROM. 
Full ROM was achieved 12 weeks after surgery in both groups. 
The mean IKDC was 98.7 and 95.2; the mean Tegner Lysholm was 100 and 93.8 and the 
mean KOOS was 99 and 95.5 in the acute group and delayed ACLR group respectively.
Conclusions. There were no differences between acute and delayed anterior cruci-
ate ligament reconstruction regarding the risk of arthrofibrosis and clinical outcomes. 
Acute reconstruction can be performed safely with no increased risk of arthrofibrosis.
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INTRODUCTION
The annual anterior cruciate ligament (ACL) injury inci-
dence reported rates for professional athletes ranges from 
0.15% to 3.67% and it is higher than national population 
rates (median rate of 0.03%) (1).
Although ACL reconstruction (ACLR) is considered a safe 
and effective procedure regardless of age (2), most recon-
structions are performed in young active athletes or in 
patients with physically demanding occupational pursuits 

who are keen to resume sports or work activities as soon as 
possible (3).
Early surgery and rehabilitation were considered as import-
ant prerequisites for a quick recovery, however, the timing 
of reconstruction is a debated topic (3). Historically, delayed 
ACLR has been recommended since some studies reported a 
risk of arthrofibrosis and suboptimal clinical outcomes asso-
ciated with early surgery, accordingly ACLR is often delayed 
recovering range of motion (ROM) and muscle strength 
through a preoperative rehabilitation protocol (4, 5).
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Recent studies, otherwise, reported no risk of arthrofi-
brosis with acute reconstruction showing similar or better 
outcomes than delayed ACLR (6, 7). Furthermore, early 
surgery seems to be more cost-effective and can decrease the 
risk of subsequent meniscal or cartilage lesions by reducing 
the time between injury and reconstruction (8-10). 
Systematic reviews tried to answer this question, however, 
because of the lack of high-level studies and considerable 
overlap in the definition of acute versus delayed reconstruc-
tion, it was difficult to come to conclusions (3, 11-13).
In more recent systematic reviews and meta-analysis, with 
the definitions for early and delayed reconstruction set at 
< 3 weeks and ≥ 3 weeks respectively, the authors found no 
differences regarding patient reported outcome measures 
(PROMs) and objective clinical assessments comparing 
early and delayed ACLR (14, 15).
The aim of this study was to compare clinical outcomes 
following ACLR performed in a very early phase post inju-
ry (maximum 2 weeks injury-surgery interval) with those of 
surgery performed at least 3 weeks post injury and to evalu-
ate ROM difference at different follow-ups.

METHODS
All patients with a clinical and magnetic resonance imaging 
(MRI) diagnosis of ACL complete lesion, examined in the emer-
gency department or the clinic of our hospital, were eligible for 
inclusion during a 1-year period beginning September 2018.
Inclusion criteria applied were unilateral primary ACL 
complete lesion diagnosed by positive Lachman and Pivot 
shift test and confirmed by MRI, age between 18 and 50 
years, contralateral healthy knee, availability for early recon-
struction and supervised rehabilitation protocol. Exclusion 
criteria were as follows: fibular collateral or posterolateral 
corner injury requiring surgery, medial collateral ligament 
(MCL) lesion greater than grade 1, posterior cruciate ligament 
(PCL) insufficiency, cartilage damage (grade 3 or 4 according 
to Outerbridge classification) (16); any prior surgery in the 
involved or contralateral knee, BMI > 30, no radiographic 
signs of osteoarthritis, rheumatological disorders, associated 
malalignment (severe valgus > 7 degree or varus knee devia-
tion > 10 degree), genu recurvatum (> 5°), Beighton score 4 
or more (hyperlaxity).
Patients meeting the eligibility criteria were prospectively 
enrolled in the study after informed consent was obtained. 
Patients who underwent surgery within 14 days of injury were 
assigned to group 1 (early ACLR) while patients who came 
to visit after two weeks from trauma or who chose to under-
go late treatment were assigned to group 2 (delayed ACLR). 
In the delayed reconstruction group, ACLR was preceded by 
a preoperative rehabilitation protocol aimed to recover full 

range of motion and muscle tone and trophism. The study was 
approved by the local Ethical Committee (Nr. 0031/2018). All 
patients provided informed consent prior to participating in the 
study in accordance with the Declaration of Helsinki (1964). 
The study meets the ethical standards of the journal (17).

Surgical technique
An arthroscopically assisted anatomic single-bundle 2-incision 
technique using doubled semitendinosus and gracilis tendons 
(DGST) autografts was used for all patients. A standard tibial 
guide at 60-65° was placed at the centre of the anatomic foot-
print of the ACL. The tunnel was drilled with the same diam-
eter of the graft with an outside -in technique. On the femo-
ral side, a 25-mm-long bone socket was drilled with retrodrill 
(Flipcutter, Arthrex, Naples, FL) using a femoral guide at 100°-
110° that was placed midway between resident ridge and over 
the top position (18).
The graft was passed through the tibial tunnel to the femo-
ral socket and then fixed with the ACL TightRope (Arthrex, 
Naples, FL) on the femoral side and a bioabsorbable screw 
(Bio-Interference Screw; Arthrex, Naples, FL) on the tibia, 
sized 1 mm greater than the graft diameter and 28 or 35 mm 
in length. 

Post-operative protocol
Pain relief after surgery was based on Paracetamol 1 g every 
8 hours and NSAIDs (non steroidal anti-inflammatory 
drugs) as needed. In all patients the knee was placed in a 
full extension brace immediately after surgery, the first post-
operative day partial weight-bearing was allowed as tolerat-
ed with crutches and the brace and daily isometric exercises 
were prescribed. The patients started physical therapy the 
day after surgery. After the hospital discharge, all the patients 
have done outpatient physiotherapy; they started progressive 
ROM exercises from the first postoperative day with the aim 
to maintain full extension and progressively recover flex-
ion. At two weeks postoperatively, the patients come for a 
visit, medication of the surgical wound and suture removal. 
At this time the brace was unlocked to 0°-90°. All patients 
were focused on reaching a full range of motion and full 
weight-bearing within 4 weeks. The brace and the crutch-
es were abandoned at 4 weeks postoperatively. From the 
second month post-operatively, a heavier muscle-strengthen-
ing program was prescribed. Patients began gradual noncon-
tact athletic activity and sport-specific training at 3 months. 
Return to full sports activities was allowed if the neuromus-
cular function had recovered, which usually occurs with-
in 5-6 months. Timing and objectives of the postoperative 
physical therapy protocols are reported in table I.
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Follow-up evaluation
All patients were re-evaluated at 2, 4, 8, 12 and 24 weeks post-
operatively by the same observer, a structured physiotherapist, 
who was independent and not involved in the initial surgery 
and blinded for the timing of the reconstruction. A standard 
physical knee examination with stability testing (Lachman and 
Pivot shift test) and passive ROM measurement, using a goni-
ometer, were performed at each follow-up. Knee injury and 
osteoarthritis outcome score (KOOS) (19), Tegner Lysholm 
score (20), and International Knee Documentation Commit-
tee (IKDC 2000) (21) were obtained at final follow-up as well 
as manual maximum (MM) KT1000 evaluation (Medmetric, 

San Diego, USA). Single leg hop test and thigh circumference 
measurement (10 cm proximal to the proximal pole of the 
patella) were also performed at final follow up (22).
The Limb Symmetry Index (LSI) was calculated for all hop 
tests by dividing the result for the injured leg by that of the 
uninjured leg and multiplying by 100 (LSI = injuried leg / unin-
juried leg × 100) (22).

Statistical analysis
Data were analysed with IBM® SPSS® Statistics version 25 for 
MacOS, level of statistical significance was set at 0.05 (95% 
interval of confidence). 

Table I. Rehabilitation protocol. 

Timing Exercises Goals
1-2 weeks Brace locked in extension Maintain full extension

Full weight-bearing using crutches and brace 90° of flexion
Static quadriceps exercises

Gradual passive flexion up to 90°

3-4 weeks Brace locked in extension Brace discontinued at 4 weeks
Static and dynamic quadriceps and hamstrings exercises Maintain full extension
Gradual passive flexion over 90° Over 90° of flexion
Active muscle strengthening exercises

Patella mobilization if needed

4-8 weeks Closed kinetic chain exercises for quadriceps and hamstrings Full range of motion
Hamstrings training (isokinetic) Full weight bearing
Proprioceptive and balance training

Stationary biking

Full range of motion

Full weight bearing without crutches and brace 

8-12 weeks Functional exercises Muscle strengthening 
Eccentric muscle contraction Neuromuscular training
CKC (leg press, squat, step ups)

OKC without weight 

Jogging straight ahead on a plain surface

Swim

cycling

12-24 weeks Increase OKC whit weight Return to sport
Concentric and eccentric training

Jogging and running on an uneven surface

Jogging with turns 90°; 180°; 360°

Cutting with 45° changes of direction

Acceleration and deceleration running

Sport-specific exercises
CKC: closed kinetic chain; OKC: open kinetic chain.
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Descriptive statistics were conducted considering the nature of 
the criteria examined. For quantitative data, we included the 
number of observations, means and standard deviations. For 
qualitative data, we described the number of observed values 
and the percentage of patients by category. Nominal variables 
were tested by Pearson’s χ2 test. 
The distribution of values was assessed with the Kolmogor-
ov-Smirnov test.
The ordinal variables normally distributed data were compared 
using Student’s T-test while non-normally distributed data with 
the Mann-Whitney U Test.
We conducted a Relative Risk study to see if there was a risk of 
developing associated lesions over time injury-recon.
A sample size calculation was performed using, as the prima-
ry outcome variable, the ROM in flexion. With a mean differ-
ence of 5° (corresponding to means of 130° versus 125°), the 
study will have a power of 90% to yield a statistically significant 
result with 5% risk of a type-one error, with a proposed sample 
size of 42 patients, 21 for each group (23).

RESULTS
At the end of the selection process, 52 patients were 
enrolled in the study; 26 were assigned to the acute group 
and 26 to the delayed group. Demographic data are 

displayed in table II. Mean time between injury and recon-
struction was 7 days in group 1 and 271 days in group 2  
(P < 0.001). Data regarding associated injuries are reported 
in table III. There were no differences in associated lesions 
between the two groups. The calculation of Relative Risk 
for the associated injuries between the two groups showed 
no differences. 
There were no cases of arthrofibrosis in both groups. 
No significative difference was detected between groups 
regarding the range of motion; mean flexion and exten-
sion values at each follow up are shown in (table IV). At 
8 weeks, 78% of patients in the group 1 (acute surgery) 
reached full ROM while 64% of patients reached 
complete ROM in the group 2 (delayed surgery). Full 
range of motion was achieved at 12 weeks in both groups 
(figure 1).
At final follow up no statistically significant difference was 
found between the two groups concerning IKDC, KOOS 
and Tegner Lysholm Knee Scoring Scale evaluations as well 
as knee laxity clinical examinations and manual maximum 
side to side difference at KT1000 measurements. (table V) 
Results regarding muscle circumference and function-
al strength at the single leg hop test (OLH) showed no 
significative difference between groups. The mean LSI 
value was 92.8 in group 1 and 92.4 in group 2 (table VI).

Table II. Demographic of the patient population. 

  Total 
(n = 52)

Acute ACLR
Group 1
(n = 26)

Delayed ACLR
Group 2
(n = 26)

Sign.

Age, mean ± SD 25.6 ± 7.7 22.5 ± 4.2 28.2 ± 9.1 0.04

female, n (%) 9 (17%) 5 (19%) 4 (15%) n.s.

male, n (%) 43(83%) 21 (81%) 22 (85%) n.s.

BMI, mean ± SD 23.9 ± 3.7 22.6 ± 1.6 25.1 ± 4.7 n.s.

Smokers, n (%) 20 (38%) 6 (23%) 11 (42%) < 0.01

Occupation n (%) 0.048

Workers 30 (58%) 19 (69%) 12 (46%)

Students 22 (42%) 7 (31%) 14 (54%)

Type of Injury n (%) n.s.

Soccer 30 (58%) 17 (65%) 13 (50%)

Rugby 3 (6%) 0 3 (12%)

Karate 6 (12%) 3 (12%) 3 (12%)

Paragliding 2 (4%) 0 2 (8%)

Volleyball 6 (12%) 3 (12%) 3 (12%)

Dance 3 (6%) 2 (8%) 1 (4%)

Time injury - recon, ± SD  144 ± 249      7 ± 3  271 ± 297 < 0.01
SD: standard deviation; ACLR: acute anterior cruciate reconstruction. Patient demographic are displayed as mean ± standard deviation (SD), number and 
percentage.
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Table III. Associated injury. 

Acute ACLR (n = 26) Delayed ACLR (n = 26) Relative Risk
MM bucket handle tear 1 2 0.5

LM radial tear 1 2 0.5

LMPHRT 1 0 n.s.

Chondral injuries 1 2 0.5
ACLR: acute anterior cruciate ligament reconstruction; MM: medial meniscus; LM: lateral meniscus; LMPHRT: lateral meniscus posterior horn root tears. 
The relative risk for LMPHRT was not calculable because there were no cases of lesion in the delayed ACLR group.

Table V. Subjective and objective evaluations at 24 weeks 

  Acute ACLR (n = 26) Delayed ACLR (n = 26) Sign.
IKDC ± SD 98.7 ± 3.3 95.2 ± 3.8 n.s.

TEGNER LYSHOLM ± SD 100 ± 0.0 93.8 ± 7.0 n.s.

KOOS ± SD 99.0 ± 1.8 95.5 ± 4.1 n.s.

LACHMAN n (%) n.s.

0 25 (100) 26 (100)

1 + 0 (0) 0 (0)

2 + 0 (0) 0 (0)

PIVOT SHIFT n (%) n.s.

0 23 (92) 23 (89)

1 + 2 (8) 3 (11)

2 + 0 (0) 0 (0)

3 + 0 (0) 0 (0)

KT1000 MM ± SD 1.1 ± 1.3 1.8 ± 1.7 n.s.
SD: standard deviation; ACLR: anterior cruciate ligament reconstruction; IKDC:International Knee Documentation Committee; KOOS: Knee injury and 
Osteoarthritis Outcome Score. Data are displayed as mean ± SD.

Table IV. Mean ROM Degree at 2-4-8-12-24 Weeks. 

Acute ACLR (n = 26) Delayed ACLR (n = 26) Sign.
2 weeks                                                                                                        

Extension ± SD 0.4 ± 1.4 0.3 ± 2.8 n.s.

Flexion ± SD 72.2 ± 18.2 76.8 ± 18.9 n.s.

4 weeks                                                                                              

Extension ± SD 0.6 ± 1.6 0.9 ± 1.8 n.s.

Flexion ± SD 103.6 ± 13.4 93.6 ± 15.8 n.s.

8 weeks  

Extension ± SD 0.4 ± 1.5 0 ± 0 n.s.

Flexion ± SD 127.3 ± 9.0 119.1 ± 12.2 n.s.

12 weeks  

Extension ± SD 0 ± 0 0 ± 0 n.s.

Flexion ± SD 130.0 ± 0 124.7 ± 1.3 n.s.

24 weeks                                                                                        

Extension ± SD 0 ± 0 0 ± 0 n.s.

Flexion ± SD 130.0 ± 0 130.0 ± 0 n.s.
ROM: range of motion; ACLR: acute anterior cruciate ligament reconstruction; SD: standard deviation. Data regarding ROM are reported with mean ± SD.
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DISCUSSION
The most important finding of this prospective study is that 
timing of ACLR does not influence postoperative ROM. 
Acute reconstruction ensures quick recovery with similar 
outcomes and functional strength at 6 months if compared 
to delayed reconstruction. 

Table VI. Functional strength. 

Acute ACL-R Delayed ACL-R       Sign.

OLH - injured leg (cm)
Mean (SD)

91 (25.5) 82 (20.6) n.s.

OLH - uninjured leg (cm)
Mean (SD)

99.9 (24.8) 89.2 (18.8) n.s.

OLH inj. - uninj. difference (cm)
Mean (SD)

8.1 (18.7) 7.2 (15) n.s.

LSI (%)
Mean (SD)

92.8 (14.4) 92.4 (18.2) n.s.

Thighs circumference
inj. - uninj. difference (cm)
Mean (SD)

2.1 (1.3) 2.9 (2.3) n.s.

SD: standard deviation; OLH: One Leg Hop; LSI: Limb Simmetry Index. Data are reported with mean ± SD, differences are displayed in cm, thigh cir-
cumference was measured 10 cm above the patella.

Figure 1. (A) Mean flexion at 2, 4, 8, 12 and 24 weeks; (B) 
mean extension deficit at 2, 4, 8 ,12 and 24 weeks.

Arthrofibrosis of the knee is the most common post-oper-
ative complications of ACLR, with rates between 4% and 
38% (24). Several definitions have been proposed for arthro-
fibrosis. According to Wasilewski et al. arthrofibrosis was a 
total loss of motion greater than 25% at 6 months postoper-
atively or knees requiring lysis of adhesions and manipula-
tion (5). A study conducted by Shelbourne et al., classified 
arthrofibrosis of the knee in 4 types based on loss motion 
and patellar tightness and contracture compared with the 
other knee. Type 1 was < 10° of extension loss and normal 
flexion. Type 2 was > 10° of extension loss and normal 
flexion. Type 3 was > 10° extension loss and > 25° of flex-
ion loss with patellar tightness and no patella infera. Type 
4 was > of 10° extension loss, 30° or more of flexion loss 
loss and objective patella infera with patellar tightness (25). 
A systematic review conducted by Ekthiari et al. analyzed 
25 studies including 647 patients treated for arthrofibrosis 
after ACLR. They concluded that arthrofibrosis is poorly 
defined and outcomes measures varies widely (24).
The effect of the timing of ACLR on the development of 
post-operative arthrofibrosis has long been discussed. Older 
studies, supporting delayed reconstruction, reported a high-
er incidence of postoperative stiffness after acute ACLR, 
however most of these were retrospective studies that 
included patients with additional ligament injuries often 
operated with arthrotomy technique and more restrictive 
postoperative rehabilitation protocols (4, 5, 26).
In 1990s Ferretti et al. published a medium-term follow-up 
study on a series of 55 cases of acute ACL hamstrings recon-
struction, performed within ten days since the initial inju-
ry (27). Besides the overall good subjective and objective 
outcomes, the authors reported a lower rate of meniscecto-
mies as compared with a comparable series of patients oper-
ated in a chronic phase. However, they also reported ten cases 
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of manipulation under anaesthesia performed within three 
months since surgery in due to a delay in recovery of ROM as 
a result of an up to six weeks postoperative cast immobiliza-
tion. In the present series, as a more accelerated rehabilitation 
was used this procedure has never been required. 
The study by Shelbourne et al. was one of the first to recom-
mend delaying an ACL reconstruction by at least 3 weeks 
(4). The authors reported a significantly increased incidence 
of arthrofibrosis in patients reconstructed within 8 days 
when compared with those reconstructed after 21 days. The 
authors also reported that patients treated between 8 and 21 
days who underwent an aggressive rehabilitation program 
had better range of motion if compared to patients follow-
ing conservative protocol. As a result, subsequent studies 
adopted a similar accelerated rehabilitation protocol (12, 
13, 28). This, along with the use of modern surgery tech-
nique, may explain why recent studies reported no clinical 
difference between early versus chronic ACLR supporting 
our findings (6, 7, 29).
Deabate et al. found no differences in terms of PROMs, 
risk of complications, ROM limitation, risk of re-tears, and 
residual laxity comparing early versus delayed ACLR (14). 
In the meta-analysis conducted by Ferguson et al., only 
statistically significant finding was for the Tegner activity 
scale, which demonstrated improved reported outcomes 
with early surgery (15).
No other findings reached significance, which was in keep-
ing with other systematic reviews and meta-analysis report-
ing no differences in subjective and objective outcomes 
related to surgical timing of ACL reconstruction (3, 12-14). 
A systematic review and meta-analysis conducted by Smith 
et al. examined six papers including 370 ACLR. Early recon-
structions were performed within a mean of 3 weeks from 
injury; delayed reconstructions were performed with a mini-
mum of six weeks from injury. They found that there were 
no difference in clinical outcome between early and delayed 
reconstructions (13).
On KT-1000 arthrometric evaluation, Li et al. found evidence 
of greater stability with early surgery (30), conversely Ravi-
raj et al. showed no differences between the groups as well 
as to clinical examination by Lachman, Pivot shift, and ante-
rior draw testing (31). 
Different studies reported other advantages of early surgery 
such as less muscle atrophy and less risk of exposing the 
knee to subsequent injuries associated with recurring insta-
bility such as meniscal and chondral injuries (11, 32). In 
our cohort of patients, we reported no difference regarding 
functional strength and associated lesions. Otherwise, Von 
Essen et al. showed superior outcome in the acute ACLR 
group regarding strength and how patients felt their knee 
functioning at 24 months (7). 

It has been reported that the odds for cartilage lesion occur-
rence increases by nearly 1% for each month that elapses 
from injury to surgery, and that a lesion of the cartilage is 
associated with a 2-fold increase in the risk of developing a 
meniscal tear (33). 
In our study, we didn’t detect a relevant greater number of 
associated lesions in the delayed ACLR group, but it might 
have existed if surgery had been delayed by months or years 
while in our group 2 (delayed surgery) the mean time injury 
surgery was 271 days (9 months). 
Conteduca et al.  as matter of fact, reported a statistically 
significant difference regarding the percentage of chondro-
malacia when comparing patients who waited less and more 
than 30 months (34). Moreover, in the work conducted by 
Ferretti et al. the incidence of meniscal tears was directly 
correlated with the time between the first injury and oper-
ation (8). 
According to Bottoni et al. we believe that delayed surgery 
represents a “second hit” for the knee, on the contrary, if the 
surgery is performed proximate to the injury, the body has 
just one “trauma” from which to heal and only one rehabil-
itation program to deal with (29). This, along with a shorter 
injury-surgery time, can guarantee a faster and easier return 
to sport. Moreover, although in the absence of statistical 
significance, our results showed a trend towards a faster 
ROM recovery in a greater percentage of patients undergo-
ing acute versus delayed ACLR. 
This study has several strengths, one of which is the prospec-
tive design, all of the ACLRs were performed with the same 
surgical technique and our results were obtained with the 
same accelerated rehabilitation protocol that was mini-
mally supervised. Furthermore, acute ACLRs have been 
performed in a very early phase with a mean time injury 
surgery of 7 days. 
Potential limitations are the lack of randomization; the rela-
tive small number of patients and the relatively short postop-
erative follow-up; however, follow-up is not a major concern, 
as the primary outcome is return of range of motion.

CONCLUSIONS
Acute ACL reconstruction can be performed safely with no 
increased risk of arthrofibrosis and clinical outcomes are 
comparable to delayed ACLR.
Early reconstruction, if followed by an aggressive rehabil-
itation program, promotes a rapid recovery for motivated 
patients with only one rehabilitation protocol needed.
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