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Abstract:  

This study aimed to gain a comprehensive understanding of the morphologic changes in 

femoral and tibial bone tunnels after ACLR, various graft types, fixation techniques, and 

their effects on graft maturation and clinical outcomes. From January 2014 to September 

2023, a literature search was performed in the PubMed database using the terms "ACL 

reconstruction", "morphological change" and "tunnel" and "imaging" or "CT" or 

"computed tomography" or "MRI" or "magnetic resonance imaging" or "radiography". 

Only full-text published articles were included, with no language preference. In 11 

studies, the criteria for examining the morphologic changes in the tunnels after ACLR 

were classified according to the graft methods used, tibial and femoral tunnel 

measurements, and imaging methods, and the results of healing and morphologic 

changes in the tunnels were examined. When the results of the studies were evaluated in 

general, it was concluded that healing and proper morphology in the tunnels were 

associated with graft health and tunnel width. Therefore, it was concluded that the most 

appropriate healing and morphologic shape would be obtained by determining the 

points to be opened well before tunneling and placing the graft in the most proper and 

anatomical way. 
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1. Introduction 

 

Anterior cruciate ligament reconstruction (ACLR) is a widely performed orthopedic 

procedure and is of significant interest because of the morphologic changes in the femoral 

and tibial tunnels after surgery and their impact on graft maturation and clinical 

outcomes. Morphologic changes in the femoral and tibial bone tunnels after ACLR have 

been the focus of extensive research due to their impact on graft maturation and long-

term clinical outcomes. Studies have investigated various aspects of tunnel changes, 
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including its correlation with hamstring tendon autograft maturation, bone tunnel 

widening, and the effect of different graft types and fixation techniques. 

 Morphological changes in the femoral and tibial bone tunnels over a 2-year follow-

up period with the use of anatomical single-bundle ACLR calcium phosphate hybridized 

tendon grafts have been studied, providing valuable information on the long-term 

outcomes of this particular graft type (Uchida R. et al., 2018). In addition, the correlation 

between morphologic changes of the femoral tunnel and hamstring tendon autograft 

maturation up to 2 years after ACLR using femoral cortical suspension was investigated, 

shedding light on the relationship between tunnel changes and graft healing (Zhang S. et 

al., 2020). In a study examining the effects of calcium phosphate hybridized tendon grafts 

on morphological changes in femoral and tibial bone tunnels, the long-term results of 

anatomical single-bundle ACLR were also shed light on (Mutsuzaki H. et al., 2023). 

Furthermore, comparisons have been made between different fixation methods such as 

extracortical and anatomical fixation to evaluate tunnel widening and its effects on 

postoperative healing (Buelow J. U. et al., 2002). 

 In addition to femoral tunnel changes, studies have also examined morphological 

changes in the tibial tunnel after ACLR, emphasizing the importance of understanding 

bone healing and volumetric changes in the tibial tunnel, especially with the outside-in 

technique and adjustable sling fixation (Okutan A. E. et al., 2023). Furthermore, 

investigations into the effects of soft tissue interposition and postoperative sling cortical 

button migration on functional outcomes and ligamentization after single-bundle ACLR 

have provided valuable information on potential complications and their management 

(Özbek E. A. et al., 2022). Furthermore, critical reviews have been conducted to assess 

bony tunnel widening after ACLR, providing a comprehensive overview of the factors 

influencing tunnel widening and its clinical outcomes (Morgan J. A. et al., 2012). A recent 

study by Campos et al. also examined the effect of ACLR techniques on tunnel widening 

and coalition, contributing to the understanding of surgical approaches and their effects 

on tunnel morphology (Campos T. et al., 2023). In addition, studies have focused on the 

use of osseous landmarks for anatomical ACL femoral tunnel placement and emphasized 

the importance of precise tunnel positioning for optimal surgical outcomes (Brown C. H. 

et al., 2013). Furthermore, the effects of residual tissue preservation on tunnel 

enlargement after anatomic double-bundle ACLR have been investigated, providing 

information on potential strategies to reduce tunnel enlargement and improve graft 

outcomes (Zhao S. et al., 2020). 

 In conclusion, the systematic review and synthesis of these studies provides a 

comprehensive understanding of the morphologic changes in femoral and tibial bone 

tunnels after ACLR, the various graft types, fixation techniques, and their effects on graft 

maturation and clinical outcomes. 
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2. Method 

 

From January 2014 to September 2023, a literature search was performed in the PubMed 

database using the terms "ACL reconstruction", "morphological change" and "tunnel" and 

"imaging" or "CT" or "computed tomography" or "MRI" or "magnetic resonance imaging" 

or "radiography". No language preference was made and only full-text published articles 

were included. The literature search including the aforementioned search criteria 

identified 66 studies for potential inclusion; abstracts and full text for all these articles 

were subsequently reviewed and screened for inclusion (Figure 1). 49 were excluded 

because they did not report morphologic changes in the bone tunnel. In the remaining 11 

studies, the criteria for examining morphologic changes in the tunnels after ACLR were 

classified according to the graft methods used, tibial and femoral tunnel measurements, 

and imaging methods, and the results of healing and morphologic changes in the tunnels 

were examined. 

 

 
Figure 1: Flow chart of inclusion and exclusion criteria 
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Table 1: List of morphological results of bone tunnels according  

to different ACLR and tunnel measurement methods 

Study ACLR method Tunnels 

measured 

Views Results 

Mutsuzaki  

et al.  

(2019) 

Calcium phosphate 

(CaP)-hybridized 

tendon graft 

Tibial - 

Femoral 

CT Femoral bone tunnels did not 

enlarge at 2-year follow-up. 

Tibial bone tunnels widened at 1-

year follow-up but decreased at 2-

year follow-up. 

Okutan  

et al.  

(2023) 

Full tibial tunnel 

technique and 

cortical sling 

fixation with 

adjustable ring 

Tibial CT At 6 months after ACLR, an 

average of 63.2% of the tibial 

tunnel was filled with bone, 

whereas after 1 year the tibial 

tunnel was almost completely 

closed. 

Tachibana  

et al.  

(2014) 

Anatomic triple-

bundle (ATB)  

Femoral 3D-CT Femoral tunnel widening occurred 

at the opening but not in the 

middle of the femoral tunnel. 

Uchida  

et al.  

(2018) 

Bone-patellar 

tendon-bone 

(BPTB) 

Tibial - 

Femoral 

 

3D-CT 

Multiplanar 

Reconstruction 

(MPR) 

Both femoral and tibial tunnel 

aperture were significantly 

enlarged distally and 

posterolaterally 6 months 

postoperatively. 

Ohori  

et al.  

(2017) 

ATB Tibial 3D-CT The posterior tibial tunnel was 

significantly enlarged at the 

aperture by 40% with the 

morphological change in the PM 

direction reflected by the ACL 

fiber orientation 1 year after the 

ATB ACL reconstruction. 

Weber  

et al.  

(2015) 

Arthroscopic ACLR Tibial - 

Femoral 

Serial MRI 

Sagittal, coronal 

Tunnel expansion after ACL-R 

occurs early and primarily at the 

tunnel apertures.  

Lee  

et al.  

(2014) 

Trans-tibial 

Outside-in double-

bundle 

 

Femoral Serial CT 

Sagittal, coronal 

Widening was observed in both 

planes of both tunnels in the two 

techniques. Distances from the 

centre point to each four sections 

showed an increase in all four 

sections of all both tunnels in both 

techniques. 

Zhang  

et al.  

(2020) 

Femoral cortical 

suspension 

Femoral 3D MR The femoral bone tunnel was 

enlarged at 6 months and shrunk 

at 24 months. 

Lee  

et al.  

(2014) 

Trans-tibial Femoral Serial CT 

Sagittal, coronal 

In some aspects, occurrence of 

tunnel widening was observed in 

most sites. Widening occurred 

mainly at the entrance and mid-

portions of the anteromedial (AM) 
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tunnel and the entrance of the 

posterolateral (PM) tunnel. 

Mutsuzaki  

et al.  

(2018) 

CaP-hybridized 

tendon graft 

unhybridized 

tendon graft 

Femoral-

tibial 

 

3D-CT As compared with the 

conventional method, the CaP-

hybridized tendon graft reduced 

bone tunnel enlargement on the 

femoral side 1 year after anatomic 

single-bundle ACLR. 

Taketomi  

et al.  

(2014) 

Bone-patellar 

tendon-bone greft 

(BPTBR) 

Double-bundle 

reconstruction 

(DBR) 

Tibial 3D-CT 

Sagittal 

The femoral posterolateral tunnel 

aperture in DBR showed 

significantly more widening than 

did the AM tunnel aperture in 

DBR and the femoral tunnel 

aperture in BPTBR. 

 

3. Discussion 

 

Morphologic changes in tunnels after ACLR are important considerations in 

understanding the long-term outcomes and potential complications of the procedure. 

Many studies have investigated these changes and shed light on various aspects of tunnel 

morphology after reconstruction. This study includes studies examining morphologic 

changes in tunnels after ACLR using different graft methods, tibial and femoral tunnel 

measurements, and imaging modalities. 

 Lee et al. discussed the change in tunnel configuration in non-anatomic trans-tibial 

double-bundle ACLR and found widening in both planes of both tunnels in both 

techniques, and the distances from the center point to all four sections increased in all 

four sections of both tunnels in both techniques (Lee Y. S. et al., 2014). This result 

emphasized the importance of understanding the specific changes in tunnel 

configuration associated with different reconstruction techniques. In a different study, 

Lee et al. compared femoral tunnel widening between external-to-internal and trans-

tibial double-bundle ACLR and provided insight into changes in tunnel morphology 

depending on the surgical approach (Lee Y. S. et al., 2014). In some respects, tunnel 

widening was observed to occur at most sites. Widening occurred mainly at the entrance 

and middle portions of the anteromedial tunnel and at the entrance of the posterolateral 

tunnel. These studies provide important information about changes in tunnel 

morphology after reconstruction, which is vital for understanding the long-term effects 

of the surgical procedure (Aga C. et al., 2016; Brown C. H. et al., 2013). 

 Taketomi et al. examined eccentric femoral tunnel widening in ACLR and found 

that the femoral posterolateral tunnel opening in DBR widened significantly more than 

the AM tunnel opening in DBR and the femoral tunnel opening in BPTBR, emphasizing 

the importance of precise tunnel placement to avoid such morphological changes 

(Taketomi S. et al., 2014; Celik H. et al., 2019). Uchida et al. and Ohori et al. provided 

information on the relationship between bone plug position and morphologic changes of 
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tunnel patency, showing that both femoral and tibial tunnel patency widened 

significantly distally and posterolaterally 6 months and 1 year after surgery Uchida R. et 

al., 2019; Ohori T. et al., 2017). With this result, the importance of correct positioning 

during ACLR is further emphasized (Baumfeld J. A. et al., 2008; Nakase J. et al., 2021). 

 Furthermore, Weber et al. presented a prospective longitudinal MRI study on 

tibial and femoral tunnel changes after ACLR, providing valuable insights into the 

temporal aspect of tunnel morphological changes and emphasizing that tunnel 

enlargement after ACLR occurs early and primarily at the tunnel openings Weber A. E. 

et al., 2015). This longitudinal perspective is crucial for understanding the evolution of 

tunnel morphology over time and provides a comprehensive understanding of the long-

term effects of ACLR (Yahagi Y. et al., 2023). 

 Existing studies, which provide valuable information on potential strategies to 

reduce tunnel widening and preserve tunnel morphology after reconstruction, 

investigated the effect of calcium phosphate hybridized tendon grafts on reducing 

femoral bone tunnel widening in anatomic single-bundle ACLR and discussed the 

morphological changes in femoral and tibial bone tunnels after anatomic single-bundle 

ACLR using calcium phosphate hybridized tendon graft, respectively. As a result, no 

widening of the femoral bone tunnel was observed at 2-year follow-up, whereas the tibial 

bone tunnels widened at the 1-year follow-up but decreased at the 2-year follow-up 

(Mutsuzaki H. et al., 2018; Mutsuzaki H. et al., 2019). In addition, Zhang et al. investigated 

the morphologic changes of the femoral tunnel and their correlation with hamstring 

tendon autograft maturation and found that the femoral bone tunnel widened at 6 

months and shrank at 24 months (Zhang Y. et al., 2020). Month and shrunk at 24 months, 

providing valuable information about the relationship between graft maturation and 

tunnel morphology after reconstruction (Zhang Y. et al., 2020; Manderle B. J. et al., 2021). 

 In conclusion, studies examining tunnel morphology after ACLR have revealed 

different results with different approaches according to different grafts and imaging. In 

general, the common opinion is that healing and proper morphology in the tunnels are 

associated with graft health and tunnel width. Therefore, it is thought that determining 

the points to be opened well before tunneling and placing the graft in the most proper 

and anatomical way will give the most appropriate healing and morphologic shape. 
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