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ABSTRACT 

Objectives:  The purpose of this study was to determine the failure rate and to analyse failure aetiology among 

patients who undergone primary ACL (anterior cruciate ligament) reconstruction with a description of our 

experience; as we have obtained good results in most of our patients. 

 

Methods:   In our Sport Surgical Department between April 2012 and November 2018, we operated on 934 

patients with single bundle ACL reconstruction. Surgeries were performed by one team composed of two 

experienced sport surgeons and two trained- fellows in sport surgery. A total of 54 patients (23 left knees and 31 

right knees) were planned for ACL revision after evaluating them clinically and radiologically. Although there is 

debate about the definition of ACL, we defined failure as requiring revision if there was objective clinical 

failure that met one or more of the following: Lachman grade II or III, pivot shift grade II or III, KT-1000/2000 

> 5 mm, and/or overall IKDC score C or D. Exclusion criteria included history of prior ACL reconstruction 

failure, presence of concomitant ligament injuries, and complex regional pain syndrome. Instability 

examination, CT and MRI were done for all patients that met our criteria for failure, and the data collected for 

all cases before revision surgery included graft type, tunnel drilling technique, graft fixation systems used, 

Lysholm score, subjective and objective IKDC scores and questionnaire (including whether a traumatic event 

was absent or present causing instability). 

 

Result:  The failure rate of primary ACL reconstruction was 5.8%. Non-traumatic cause was responsible for the 

failure in 59.3% of cases, 25.9% due to technical error with aberrant femur tunnel was found as the most 

common (72.7%).There was significant correlation between non-anatomical femur tunnel and non-traumatic 

failed cases (P<0.05). 40.9% of traumatic failed cases were also found to have technical error. Non-traumatic 

cause is responsible for early ACL revision with significant P-value (p<0.05) and there was no significant graft 

failure difference between adjustable loop and interference screw graft fixation system (P>0.05). An elongated 

graft was the most common mode of graft failure pattern identified arthroscopically in 59.6% of cases.  

 

Conclusion:   The best chance to achieve successful ACL reconstruction surgery is in primary index surgery 

with success rate more than 85%. However, awareness about aetiologies of failure that could considerably 

overlap is crucial. Non-traumatic causes might be the primary cause for the revision. Despite improvements in 

surgical techniques, fixation devices, and ACL anatomy, more effort may be needed to lessen the incidence of 

failure among studies. 
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Introduction 

There is agreement that anterior cruciate ligament reconstruction surgery is the best surgical modality to restore  
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the kneeCs articular stability, improve symptoms and return to preinjury level (1-5). There is also a considerable 

increase in both the incidence and number of cases performed annually, with a subsequent increase in the 

revision surgeries being performed (5). Reported rates of ACL failure after reconstruction surgery vary among 

the literature, with revision rates running between 4% (6) and 13% (7).Many studies have been conducted to 

identify the potential factors that influence the revision of ACL reconstruction (8-13). Patient factors have been 

identified as risk factors for ACL reconstruction failure, including age, gender, body mass index (BMI) and 

hyperlaxity (10). Bony morphology has also been reported to be an important risk factor (11,12,13) 

The causes of ACL reconstruction failure are typically classified under three categoriesncluding age, gender, 

body mass index (BMI) and hyperlaxityeries being performedded t stated that the mode of ACL reconstruction 

failure was traumatic in 32% of cases, technical in 24% of cases, biological in 7% of cases, and combined in 

37% of cases (8,9). Additionally, there was a debate among the studies about which mode of failure was the 

most commonly identified. Some studies have reported that traumatic rupture was the most common cause, 

while other studies have cited technical error (specifically tunnel position) as the most common cause (5). 

It is important to mention that there is no undisputed definition for the term e was the most commonly 

identified. Some studies have reported that traumatic rupture was the most common cause, while other studies 

have cited technical error (specifically tune attempting to specify the mode of failure (14).  

We have categorized the majority of patients under the above mentioned system (traumatic, technical and 

biological), but we believe that the application, elaboration and maybe amplification of this system might assist 

us in understanding more the factors that could influence failure in our ACL reconstruction surgeries with 

incorporation of all aetiologies which could help to identified which cause of failure might be the dominant one 

depending on the findings that were observed in failed surgeries. 

 

 

MATERIAL AND METHODS 

 

 Institutional review board approval was obtained. 

 Consent forms were obtained for 54 patients. 

In Prince Hashem Ibn Al-Hussein and Queen Alia Military Hospitals at Sport Surgical Department, we operated 

on 934 patients with single bundle ACL reconstruction between April 2012 and November 2018. Surgeries 

were performed by one team composed of two experienced sport surgeons and two fellows in sport surgery. A 

total of 54 patients (23 left knees and 31 right knees) were retrospectively reviewed and planned for ACL 

revision after evaluating them clinically and radiologically. The average age of patients was 31.5 years (range 

22–48 years), average BMI was 24.1 kg/m
2
 (range 18–36 kg/m

2
), and all were males.  

(Table I) All the patients were exposed to the same rehabilitation protocol. In 53 cases, quadruple (4-strand) 

hamstring autograft (gracilis and semi-T) with size range 7 9 mm was used and an allograft cryopreserved 

peroneus longus tendon size 8 mm was used in one case. All cases were done via the (transportal) anteromedial 

portal anatomical ACL reconstruction technique with femur tunnel. In 37 cases, we used the ToggleLoc Device 

with medial portal adjustable Zip Loop Technology, while in 17 cases, we used PEEK biodegradable 

interference screw system to fix the graft to the femur tunnel with a tunnel length 15ue with femur tunnel. In 37 

cases, we used the ToggleLoc Device with medial portal adjustable reviewed and planned fo point fixation was 

used to decrease the risk of graft slippage after fixation. All the patients were evaluated radiologically and 

clinically preoperatively and examination was performed under general anaesthesia and stability was checked 

just after reconstruction. 
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Table I: Demographic data of the 54 subjects  

 

 

 Ratio Mean SD Range 

 

   

        

Gender (M:F) 

 

Time of injury to index surgery 

54:0  

 

7.8 m 

 

 

7 

 

 

(3 weeks–45 months) 

   

        

Age at index ACL 

 reconstruction (y)  

 31.5 5.9 (22–48)    

        

Average time between 

index surgery and revision (m) 

 27 m  (6–60)    

        

Graft type  

Autograft:Allograft 

 

53:1 

      

 

 

While there is controversy about the definition of ACL failure, we defined failure as requiring revision if there 

was objective clinical failure that met one or more of the following: Lachman grade II or III, pivot shift grade II 

or III, KT-1000/2000 > 5 mm, and/or overall IKDC score C or D (15). Exclusion criteria included history of 

prior ACL reconstruction failure, presence of concomitant ligament injuries, complex regional pain syndrome, 

contralateral side injury and insufficient data about the technique used or mode of failure. Instability 

examination, CT and MRI were done for all patients that met our criteria for failure, and the data collected for 

all cases before revision surgery included graft type, tunnel drilling technique, graft fixation systems used, 

integrity of articular cartilage and status of meniscus, Lysholm score, subjective and objective IKDC scores (16) 

(17) and questionnaire (including whether a traumatic event was absent or present causing instability). In 

addition to radiological and clinical assessment, arthroscopic identification of articular cartilage status, menisci, 

tunnel positions, mode of graft rupture and possible reason for failure of fixation in revised cases.  

Both femur and tibia tunnel positions were evaluated by CT scan using radiographic measurement methods 

according to the Bernhard and Hertel grid, considering it anatomically if the centre of the femur tunnel was 

within a range depth of 19 of 19cording to the Bernhard and xation syndrome, contralateral sideithin a range of 

30–44% in the CT scan measurements (18) (19) . The measurement values were determined by two experienced 

radiologists. 

At index surgery, both menisci were normal in 27 cases. The medial meniscus was affected in 56% of cases, 

while the lateral meniscus was affected in 44% of cases. In 20 cases, partial resection was done, while repair 

was done in five cases. In two cases, lateral stable meniscus tears were left untreated. 

The mode of failure was determined by two experienced sport surgeons in the team and classified according to 

the system described by Wright et al. (9), which considered the failure as traumatic if there was a history of a 

traumatic event causing recurrent laxity, despite other factors; technical when a technical cause was identified 

with no evidence of trauma; and biological when there was no trauma or technical cause that could be 

identified. The normality of the quantitative variables was verified using the Shapiro-Wilk test. Qualitative 

variables were compared using the Chi2 test or the Fishersherc event causinneeded. The distribution of 

quantitative variables was compared using the unpaired Studentent causing recurrent laxity, despite other facn 

the variables were not normally distributed. A significance threshold of 0.05 was chosen for all the statistical 

testing. IBM SPSS software version 22.0 was used. 
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RESULTS 

 

   The results of the subjective evaluation of the satisfaction of patients and objective evaluation after the 

primary ACL reconstruction using the IKDC score were low. The average score of the IKDC subjective 

evaluation was 51.8 (range 15–96) preoperatively and 62 postoperatively. However, preoperative IKDC 

objective evaluation after recovery was as follow: 96% of patients graded as C or D (C was 49% and D was 

43%) and 4% of patients graded as B. The mean Lysholm score, which was translated in our institution, was 

47.3 (26s graded as B.uation after the primary ACL reconstruction using fair score (65–83), while 47 patients 

had a poor score (< 65) (20) chart-1. 

 

 

 

 

 

The average time of injury to index surgery was 7.8 months (range 3 weeksjury to index surgery was 7ur 

institution, was 47.3 (26s graded as B.uati was 15.7 months (range 6 months–61 months). 

Based on the aforementioned classification, we have two groups of patientss 7ur institution, wastraumatic event 

manifested by pain, swelling and difficulty bearing weight either contact or non-contact consisted of 22 patients 

(40.7%) and those showing gradual onset of recurrent laxity consisted of 32 patients (59.3%). Of those non-

traumatic cases, 14 cases (25.9%) were found to have technical errors, 11 cases (20.3%) were due to biological 

factors, 3 cases (5%) missed other ligaments (missed PLC/FCL), 3 cases (5%) had mechanical malalignment 

with either varus thrust or a posterior tibial slope of 12 degrees or more, and 1 case (1.8%) had an infected ACL 

(Table II) (Figure-1&2). 
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chart-1. International Knee Documentation Committee and Lyshsholm score results 
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Table II: Aetiology of failure following primary single bundle ACL reconstruction  

 

Causes  Frequency Ratio in all subjects Combined other causes 

 

    

Traumatic  22 40.7% 9 technical 

    

Non-traumatic 32 59.3%  

       

     Technical  14 25.9%  

    

     Misalignment 3 5%  

      

     Missed other ligaments 

 

3 

 

5% 

 

 

     Infection 

 

1 

 

1.8% 

 

Total 54   

 

 

 

 

 

 

 
 

 

 

 

In traumatic cases, 5 cases occurred within the first 6 months of index surgery, 6 cases between 7 and 12 

months of index surgery and 11 cases after 1 year of index surgery (mean 22.0 ed within th 

However, the average time of revision from index surgery was 23.4 months SD 18 for traumatic cases, while it 

was 10.6 months SD 3.1 for non-traumatic cases, indicating that failure due to non-traumatic causes led to 

revision surgery earlier than failure due traumatic causes, with a significant difference P=0.029(p < 0.05) 

(Figure-3). 
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   Regarding technical causes, tunnel malposition was identified as the most common cause of failure, 11 cases 

out of 14 (78.6%). A non-anatomical anterior femur tunnel was found in eight cases (72.7%), a non-anatomical 

tibial tunnel was found in three cases (27.3%), breach of the posterior cortex of the femur tunnel was found in 

one case, and screw divergence > 15 degrees in the tibia tunnel was found in two cases. However, in traumatic 

failure patients, nine cases were found to also have an aberrant tunnel position (40.9%). A non-anatomical 

femur tunnel was observed in six cases (66.7%), while a non-anatomical tibial tunnel was observed in three 

cases (33.3%). There was a significant correlation of femur tunnel malposition in non-traumatic failed cases 

P=0.0384(p < 0.05) but not in the case of tibial tunnel malposition P=0.062(p > 0.05) (Figure-4).  

 

 

 
 

 Figure-4 first stage ACL revision for non-anatomical femur tunnel. (RMS-Sport Dep.) 
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At revision surgery, we could find an elongated graft failure pattern, which was verified arthroscopically in 

59.6% of cases. In two cases, the pattern could not be identified. In 53.1% of the cases where the graft was fixed 

by an adjustable loop system, and it was statistically insignificant as compared to the subarticular interference 

screw P=0.059(p > 0.05). However, 14 out of 17 of cases in the traumatic group that presented 7 months or 

more after index surgery had a proximal graft rupture pattern, which resembled a native ACL tear pattern 

(Figure- 5).  
 

Moreover, the remaining 4 cases of the traumatic group, as well 27 cases in the non-traumatic group, showed a 

lax graft arthroscopically.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

     Because of the patient satisfaction rates of revision ACL surgery are lower than those of primary ACL 

reconstruction, it is important to identify the possible underlying aetiology behind the failed cases. In this study, 

we have been trying to represent our experience in a systematic approach to these cases. In general, the causes 

of primary ACL reconstruction can be designated into three categories: traumatic event, technical error and 

biological factor. However, we could add missing other ligaments and mechanical misalignment as potential 

factors when the failed cases could not be categorized under the aforementioned classification and a biological 

factor was excluded.  

 

Non-traumatic causes as technical errors in patients who experienced gradual onset of recurrent instability were 

found to be the most common finding in 22–79% of failed cases (5), while a large prospective study conducted 

by the MARS group cited traumatic failure in 32% and technical failure in 24% of cases (8) (9). Therefore, 

there is no indication in studies regarding the most prevalent cause responsible for ACL failure. Such an issue 

could be explained by variability in assessment of the mode of failure among the surgeons and relies solely on 

Figure-5. proximal ACL graft rupture due to trauma after 1 year of index surgery which is resemble 

native ACL rupture pattern(RMS-Sport Dep.). 
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who did the revision for the failed cases with enforcement of a lack of clear definition for failure. Additionally, 

there could be many factors playing a part in and overlapping with each other that are responsible for the failure 

rate. 

Technical errors are responsible for both early failure and revision of failed ACL reconstruction surgery (21). 

Kamath et al. (5)reported that technical error was identified as a cause of failure in 22–79% of their cases. In the 

present study, we have found a considerable rate of technical error, precisely tunnel malposition in 40.9% of 

traumatic cases. Therefore, a traumatic event could not be considered as a unique cause of failure, and there 

may be a combination of different factors responsible for ACL failure. 

 

We could place emphasis on the importance of mechanical malalignment in ACL-deficient knees as a potential 

cause of ACL failure. There is obvious indication in the literature to address the mechanical malalignment in 

ACL-deficient knees with secondary varus knee (varus thrust) (22)and with primary varus knee associated with 

medial compartment osteoarthritis (23). However, there is a debate in the literature regarding whether to address 

the abnormal bone morphology in primary varus knee without arthritis. In the present study, we have 3 cases of 

mechanical malalignment, with 2 of them having a lateral tibial slope of more than 12 degrees; one case had 

double varus knee. Additionally, neither technical errors nor traumatic events were reported in their history or 

apparent varus thrust on examination at index surgery. However, we evaluated all the patients clinically to 

detect resultant rotational instability and radiologically through stress and weight-bearing views to identify the 

possibility of associated ligament injuries, especially when the clinical examination was inconclusive, and to 

detect the presence of any mechanical misalignment. The MARS group reported that malalignment was 

detected as a cause of failure in 4% of cases (9). Noyes and Barber-Westin reported that coronal malalignment 

more than 5 degrees was rated as a cause of failure in 25% of cases (24). While Kim et al. found that there is no 

difference in the outcomes of patients undergoing primary ACL reconstruction with primary varus knee (25). 

Therefore, the literature could be inconclusive regarding the impact of coronal malaligment or elaborate the 

type of malalignment in ACL reconstruction surgery. However, many studies have placed more emphasis on the 

importance of sagittal tibial morphology increasing the strain over the reconstructed ACL and it was significant 

with steeper medial or lateral tibial slope of 12 degrees or more (26). Therefore, we had three failed cases due to 

mechanical malalignment either due to varus or higher tibial slope. 

Gersoff and Clancy reported the association of posterolateral corner (PLC) injury and ACL injury as 10bial 

(27). However, the diagnosis of PLC injury is sometimes challenging, and if it is left untreated, it will increase 

the stress over the reconstructed ACL graft with subsequent early graft failure. Stress varus views are 

considered a reliable method for objective evaluation of existence of associated PLC injury. LaPrade et al. 

(28),(28)TION 28 \l 1033 sis of PLC injury is sometimes challenging, and if it is left untreated, it will increase 

the stress over the reconstructed ACL graft with subsequent early graft failure. Stress varus views are 

considered a reliable method for o suggestive of a complete PLC injury. We had 3 missed cases of PLC/FCL, 

and for all of them, the ACL reconstruction was carried out shortly after injury. However, in clinical practice, 

the varus stress view is not without limitations, as some patients can express guarding or fail to relax in the face 

of acute injury, making a valid objective measurement impossible. 

In the absence of technical errors or traumatic mechanisms, failed ACL reconstruction is due to biological 

causes, as the graft failed to incorporate and can’t withstand excessive loads or repetitive stress without 

revascularization (29)It is known that the graft is exposed to a long biologic process starting with graft necrosis, 

revascularization, cellular proliferation with collagen deposition and ending with remodelling, a process called 

ligamentization (30). An insult to the graft during this process, especially in the early necrotic phase, by 

infection, immune response, repetitive trauma and aggressive rehabilitation may result in early graft failure (31) 

(32). 

It should be kept in mind that there was a risk of graft slippage due to failed fixation, which could appear as a 

lax graft arthroscopically, but this was not the case in the traumatic group where the pattern of rupture was 

different. Indeed, this could be explained by anatomical ACL reconstruction, although it is still not isometric. 

The isometricity will increase dramatically in the presence of an aberrant graft position due to tunnel 
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malposition or excessive graft stress due to bony morphology or associated non-reconstructed ligaments leaving 

the graft with cycling load and tear/microtear injury during ligamentization, which eventually resulted in an 

elongated healed failed graft. However, further clarification of the mode of graft failure is beyond the scope of 

this article.  

 

Limitations of this study include a relatively small number of patients and being performed retrospectively. We 

assume that the actual incidence of failure might be more, as some patients could be missing their follow-up due 

to many reasons, including revision elsewhere outside our institution. Another limitation could be the 

homogeneity of the revised cases in term of their sex, although we have operated on many female patients, 

including professional athletes, with no failed cases among them. This could be explained by a relatively very 

small number of female cases being operated on as compared to male cases. Additionally, many confounders 

may be omitted in this study, such as ACL reconstructed knee with deficit menisci, Generalised joint 

hypermobility, being overweight and age. We could not realize how patients with hyperlaxity or knees with 

deficits of the medial meniscus could behave with ACL reconstruction or how they could impact knee stability, 

especially in the absence of control cases. Although we have delineated the definition of failure, there is no 

general agreement among the literature on which we could rely on. Moreover, the incidence of technical errors 

in successful ACL reconstruction cases and favouring one graft fixation over the other might be difficult in the 

absence of acontrol group.  

We understand this present study is small relative to the number of cases and the incidence rate might be under-

reported among studies. However, the incidence could vary or increase according to the criteria for the 

definition of failure given as recurrent swelling, pain, and loss of some range of motion, which could persist in 

what we consider successful ACL reconstruction. Nevertheless, we set the criteria to necessitate ACL revision 

rather than ACL reconstruction with lower outcomes. As a result, this study tries to analyse variable potential 

causes leading to ACL failure that entail revision and add to the flourishing growing body of ACL 

reconstruction surgery.  

 

 

 

CONCLUSION  

 

     This present study elaborated what is stated in many studies and detected non-traumatic causes in the 

majority of failed cases (59.3%) with a failure incidence rate of 5.8%. The aetiologies behind ACL failure could 

be multifactorial, and the causes might not exclude each other reciprocally. Despite the improvement in surgical 

techniques, fixation devices, and attention to the anatomy of the ACL footprint, the incidence of failure is still 

in the same range. We believe that the successful systematic approach starts with the establishment of a 

universally accepted definition of failure and interpretation of all the potential causes, which might eventually 

decrease the incidence. 
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