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Anterior cruciate ligament (ACL) is the most 
commonly injured knee ligament and its injury can 
result in limitations in activities of daily living and 
mobility.[1] Surgical treatment is suggested in active 
young athletes, in patients who have combined 
ligament injuries, concomitant meniscal lesions, 
persistent pain despite the conservative treatments, 
or knee instability. In this sense, anatomical 
reconstruction with grafting is a well-established 
surgical method in the treatment of ACL injury.[2,3]

Autografting, allografting, and synthetic grafting 
methods have been previously described for ACL 
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reconstruction surgery. In the literature, no definitive 
conclusions have been reached about the use of 
synthetic grafts.[4,5] Accordingly, autografting and 
allografting methods are commonly used in the 
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surgical treatment of ACL.[6-9] Although different 
types of autografts have been described, hamstring 
tendons (HTs) and bone-patellar tendon-bone (BPTB) 
grafting are the most commonly used techniques.[6-9]

While superior fixation and earlier healing 
are the advantages of BPTB grafting compared 
with HT autografts, anterior knee pain, donor 
site morbidity (patellar tendon rupture, patella 
fracture), or subjecting to graft-tunnel mismatch 
are the disadvantages.[8,9] Less anterior knee pain, 
stronger biomechanical graft in the earlier periods, 
and being more cosmetic are the advantages 
of HT autografting compared with the BPTB 
grafting, while potential for small graft diameters 
(particularly in females) and increased graft laxity 
over time, and longer tendon-to-bone healing time 
are the disadvantages.[8,9] From this point of view, 
we hypothesized that superior healing leads to 
more decreased tunnel diameter. We evaluated this 
with radiographic measurements. In the literature, 
tunnel enlargement was investigated in previous 
studies using various radiological techniques.[10-12] 
We believe that our study will contribute to these 
researches by including two directions, namely, 
anteroposterior (AP) and lateral radiographic knee 
measurements. Therefore, in this study, we aimed 
to compare the postoperative change of femoral and 
tibial tunnel widths after HT and BPTB autografting 
in primary ACL reconstruction surgery with the 
anteromedial portal technique.

PATIENTS AND METHODS

This case-control and retrospective trial included 
39 patients (36 males, 3 females; mean age 30.1±7.9; 
range, 17 to 44 years) who underwent primary ACL 
reconstruction surgery with either HT autografting 
method or BPTB autografting method in Faculty of 
Medicine, Gazi University between March 2014 and 
December 2016. The study protocol was approved 
by the Gazi University Faculty of Medicine Ethics 
Committee (date: 27.11.2017, number: 573). A written 
informed consent was obtained from each patient. 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

The patients were allocated into two groups 
according to the grafting method (BPTB group [n=18] 
and HT group [n=21]). Femoral and tibial tunnel widths 
obtained from the operation notes were recorded as 
baseline values. In the second-year follow-up, femoral 
and tibial tunnel widths were measured and recorded 
on digital radiographs. Clinical and demographical 
data, and femoral and tibial tunnel widths of the 
groups were compared.

Patients who met any of the following criteria were 
excluded: secondary ACL reconstruction surgery, any 
other surgical method except autografting, multiple 
ligament injuries, concomitant cartilage lesions, and 
having missing data during the follow-up period. 
Meniscal tears, which are frequently encountered 
in ACL injuries, were not considered as exclusion 
criteria.

All surgical procedures were performed under 
general or spinal anesthesia by the senior surgeon. 
Knee joints were examined under anesthesia. 
Repairable meniscal injuries were sutured with 
all-inside sutures (FasT-Fix Meniscal Repair System, 
Smith & Nephew, TN, USA). However, partial 
menisectomy was applied to irreparable tears such 
as degenerative, white-white and/or red-white zone 
tears.

In BPTB group, a paramedian midline incision was 
used for harvesting patellar tendon graft. 8 to 9 cm 
length and 1 cm width from the middle one-third of 
the patellar tendon was harvested. Bone blocks were 
20 mm in length and about 8 to 10 mm in diameter on 
both sides.

In HT group, 2 to 3 cm vertical skin incision one 
fingerbreadth medial to tibial tuberosity was placed. 
Inverted L shaped incision was made over the pes 
tendons. Gracilis and semitendinosus tendons were 
harvested and the sartorius fascia was repaired. A 
quadrupled tendon construct was formed and the 
diameter of the construct was measured 7.5 to 9 mm 
(ACUFEX™ GRAFTMASTER™ Graft Preparation 
System, Smith&Nephew, Andover, Maryland).

Anteromedial portal technique was utilized for 
preparation of the femoral tunnel in both groups. 
Center of the femoral footprint was marked with 
an awl and the guide pin was advanced through 
anteromedial portal while the knee was flexed to 
120°. Femoral tunnels were created so that the tunnel 
diameters were the same as the graft diameters.

In both groups, tibial tunnel was created using 
the remnants of the tibial footprint as a guide via 
standard approach 1 mm greater than the measured 
diameter of the graft. Tibial tunnel was created over 
the guide pin, which was placed at a 47.5° angle to the 
tibial plateau in sagittal plane.

In BPTB group, the femoral tunnel was created at 
a depth that could enter a 20 mm graft. The patellar 
tendon graft with bone block was pulled from the 
tibial tunnel into the femoral tunnel. A bioabsorbable 
interference screw, which had a 1 mm smaller diameter 
than the femoral tunnel diameter, was placed for graft 
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fixation. In HT group, the femoral tunnel was created 
at a depth that could enter a 25 mm graft. Femoral 
fixation of the hamstring tendons was achieved with 
endobutton (EndoButton® CL Ultra, Smith & Nephew, 
Memphis, Tennessee, USA).

Fixation on the tibial side was achieved with 
bioabsorbable interference screw of which the 
diameter was the same as the tibial tunnel diameter. 
No supplemental fixation was performed.

First-generation cephalosporin 1 g was 
administered intravenously to all patients every 8 h 
in the first 24 h postoperatively. Daily 4000 IU/mL 
enoxaparin was administered subcutaneously for 
10 days for prophylaxis of deep venous thrombosis. 
Orthosis was not given and early rehabilitation was 
encouraged with crutches; however, full weight 
bearing was initiated as the patient tolerated. The 
same treatment and rehabilitation protocol was 
applied to both groups.

Anteroposterior and lateral knee radiographs were 
used to assess the width of femoral and tibial tunnels. 
Lateral radiographs were administered while the 
knee was in 30° of flexion. The magnification factor 
was not used since the visual size would be 1:1 
because it was a standardized digital radiography 
(Ralco R225 Collimator, Ralco X-Ray Equipment, 
Biassono, Italy). Digital radiographs of the patients 
were evaluated on a computer screen using the Enlil 
PACS System-2.5 (Enlil PACS Viewer, Eroglu Yazılım, 
Eskisehir, Turkey). Radiographic measurements were 
performed on second-year follow-up radiographs. To 
ensure the inter-observer reliability, measurements 
were performed twice by two different orthopedic 
surgeons at intervals of two weeks and the values 
obtained were averaged. Thus, possible technical 
errors were minimized. Sclerotic margins nearby the 
tunnels were accepted as the landmarks. Diameter 
measurements were performed at the beginning of 
the tunnel, end of the tunnel, and middle of the 
tunnel (Figure 1). First, measurements were performed 
from the midpoint of the tunnel and then from the 
starting point of the tunnel and the endpoint of the 
tunnel at an equal distance to the midpoint. The 
mean value of three consecutive measurements was 
considered for analyses. This measurement technique 
was implemented in previous studies.[12-15] When 
comparing BPTB and HT groups, the mean widths of 
the femoral and tibial tunnels were used.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 21.0 software (IBM Corp., Armonk, 
NY, USA). Descriptive data were given as mean, 

standard deviation, median, quartiles, count (n) or 
percentage (%). Categorical variables were compared 
with chi-square or Fischer’s exact test. After checking 
the normal distribution, between-group comparisons 
were performed using Mann-Whitney U test or 
Student’s t-test. Baseline and after-surgery data 
within the group were used using paired t-test or 
Wilcoxon signed-rank test. The confidence value of 
95% was selected and p value of 0.05 was accepted as 
statistically significant.

RESULTS

Clinical and demographical features of the groups 
are shown in Table I. No significant difference was 
observed between the groups in terms of age, sex, 
and involved side (p>0.05 for all). In the BPTB group, 
two male patients had bleeding at the wound site 
in the early postoperative period, without further 
complications. A total of 10 patients underwent 
meniscus repair in both groups, and four patients 
underwent partial menisectomy. No graft rupture 
was observed during follow-up period.

For all measurements, intra-observer reliability 
ranged between 0.924 and 0.978, while inter-
observer reliability ranged between 0.817 and 0.910. 
Measurements had good inter- and intra-observer 
consistency.

Baseline values of femoral and tibial tunnel widths 
were significantly higher in the BPTB group compared 
with the HT group (p<0.05 for both).

In second-year follow-up, mean of femoral tunnel 
widths on AP view changed from 8.7 to 4 mm 
and from 8.0 to 6.7 mm in BPTB and HT groups, 

FIGURE 1. (a) Anteroposterior and (b) lateral radiographs 
show femoral and tibial tunnel diameter measurements.

(a) (b)



Bone assessment after ACL reconstruction 125

respectively. Mean of femoral tunnel widths on 
lateral view changed from 8.7 to 3.6 mm and from 
8.0 to 6.2 mm in BPTB and HT groups, respectively.

In second-year follow-up, mean of tibial tunnel 
widths on AP view changed from 9.4 to 7.1 mm 
and from 8.6 to 8.7 mm in BPTB and HT groups, 
respectively. Mean of tibial tunnel widths on lateral 
view changed from 9.4 to 6.6 mm and from 8.6 to 8.7 
mm in BPTB and HT groups, respectively (Figure 2). 

When we compared the baseline values with 
the second-year results, the mean of femoral tunnel 
widths was significantly lower on radiographs 
at the second-year evaluation in both groups 
(p<0.001 for all). However, the mean of tibial 
tunnel widths was significantly lower only in the 
BPTB group (p<0.001 for BPTB group and p=0.616 
for HT group). In BPTB group, change levels of 
AP and lateral widths were more prominent than 
HT group (p<0.001 for all).

TAbLE I
Clinical and demographical features

BPTB group (n=18) HT group (n=21)

Variables n % Mean±SD Median 25th-75th

Percentile
n % Mean±SD Median 25th-75th

Percentile
p

Age (year) 29.5±7.9 30.5±8.0 0.679

Sex

Male

Female

15

3

83.3

16.7

21

0

100

0

0.052

Involved side

Right

Left

12

6

66.7

33.3

13

8

61.9

38.1

0.757

Femoral tunnel (mm)

Baseline AP/lateral mean width

2nd year AP mean width

2nd year lateral mean width

Diameter change value (AP)

Diameter change value (lateral)

8.7±0.6

4.0±2.2

3.6±1.9

5.14±2.3

3.94 3.09-6.18

8.0±0.4

6.7±1.2

6.2±1.2

1.76±1.1

1.19 0.26-2.21

<0.001

<0.001

<0.001

<0.001

<0.001

Tibial tunnel (mm)

Baseline AP/lateral mean width

2nd year AP mean width

2nd year lateral mean width

Diameter change value (AP)

Diameter change value (lateral

9.4±0.6

7.1±2.7

6.6±2.6

1.83

2.09

0.33-3.06

0.38-3.72

8.6±0.5

8.7±0.9

8.7±0.9

-0.16

0

-0.66-0.56

-0.74-0.62

<0.001

 0.029

 0.006

<0.001

<0.001

BPTB: Bone-patellar tendon-bone; SD: Standard deviation; AP: Anteroposterior; Minus sign indicates that tunnel diameters expanded.

FIGURE 2. Graphs show baseline (mean) and second-year follow-up (mean) measurements (in mm) of femoral and tibial tunnels. 
BPTB: Bone-patellar tendon-bone; HT: Hamstring tendon; AP: Anteroposterior.
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DISCUSSION

In this study, we aimed to compare the postoperative 
changes in femoral and tibial tunnel widths after 
HT grafting and BPTB grafting in primary ACL 
reconstruction surgery. The most significant result of 
this study is that femoral tunnel AP and lateral view 
widths were significantly lower at the second-year 
evaluation in both groups. The change levels were 
more prominent in the BPTB group than the HT group. 
Secondly, tibial tunnel AP and lateral view widths 
reduced only in the BPTB group, indicating that the 
BPTB grafting heals superiorly radiologically.

The purpose of ACL reconstruction is to place 
a graft in accordance with the ACL physiology 
and anatomy by opening a tunnel in the tibia and 
femur. After the graft has been placed, it undergoes 
some physiological and biomechanical changes 
and resembles the original ACL.[16,17] Once the graft 
is placed in the tunnel, it passes through stages 
such as synovialization, neovascularization, and 
ligamentization, i.e. remodeling process, and then 
integrates into the bone structure.[16,17] Since the grafts 
are normally avascular structures, tendon healing in 
a bone tunnel requires bone ingrowth into the tendon. 
Sharpey’s fiber formation and fibrocartilage fixation 
provide the healing process.[18] BPTB grafts show 
superior fixation compared to HT grafts because of 
the bone-to-bone healing.[8,9] From this point of view, 
we thought that the tunnel widths would be lower in 
BPTB grafting than HT grafting. Besides, we believe 
that a follow-up period of two years is acceptable for 
the fixation of the grafts.

Different imaging methods such as digital 
radiographs, two-dimensional computed 
tomography (CT), three-dimensional (3D) CT or 
magnetic resonance imaging (MRI) can provide 
data about femoral and tibial tunnels after ACL 
surgery.[19,20] Exposure to higher doses of radiation 
(for CT), requiring longer examining time, and 
higher costs are the main disadvantages of CT and 
MRI. In addition, digital radiographs have been 
previously shown to be a valid and reliable imaging 
method to assess the femoral and tibial tunnel 
size.[12] Therefore, in our study, we have used digital 
radiographs.

There are some studies evaluating the tunnel 
size after ACL reconstruction in the pertinent 
literature. Tunnel enlargement is a common finding 
in the postoperative period and although it is not 
clearly known, osteolysis due to the inflammatory 
process is an important reason for this.[21,22] Laxdal 
et al.[15] randomized 77 patients who underwent 

HT autografting surgery into two groups. While 
metallic interference screw was used for fixation in 
the first group, biodegradable interference screw was 
used in the second group. According to their results, 
there were significantly larger radiographically 
visible drill holes on both the tibial and femoral 
sides in the biodegradable group compared with the 
metal group at the sixth and 24th months. Moreover, 
Karikis et al.[12] assessed the tibial tunnel at second- 
and fifth-year radiographs after ACL reconstruction 
using HT autografts and biocomposite interference 
screw. In 83% of patients, the width of the tibial 
tunnel had decreased on the radiographic views. 
Furthermore, Frosch et al.[11] performed MRI imaging 
on 12 patients at 3, 6, and 12 months after surgery, 
who underwent ACL surgery using biocomposite 
screws. They reported that the biocomposite screw 
dissolved in the first six months and the tunnel width 
decreased after 12 months. According to our results, 
the baseline values of femoral and tibial tunnel 
widths were higher in the BPTB group because the 
bone grafts generally require a wider tunnel. After 
the surgery, the mean of femoral tunnel widths on 
radiographs decreased in both groups. However, 
while the tibial tunnel widths decreased in the BPTB 
group, they increased in the HT group. Change levels 
of AP and lateral widths were more prominent in 
BPTB group.[23] Graft selection is an important factor in 
tunnel enlargement, and it has been previously shown 
that tendons cause more tunnel expansion than bone 
blocks.[14,23] Park et al.[24] reported that bone-to-bone 
healing is better in the rabbit model. We believe that 
this fact could be attributed to the superior healing 
process of BPTB grafting. Previous studies evaluating 
tunnel width according to graft selection in ACL 
reconstruction have similarly reported that tunnel 
enlargement is more common with HT grafting.[10,23,25]

In the BPTB group, the tibial tunnel narrowed less 
than the femoral tunnel, while in the HT group, the 
tibial tunnel diameter was measured higher than the 
baseline values. Bone mineral density may cause this 
situation. In some studies evaluating bone mineral 
density after knee surgery (ACL, meniscus surgery), it 
was reported that bone density in the distal femur was 
higher than the proximal tibia in the postoperative 
period.[26,27] We believe that there is more narrowing in 
femoral tunnels because higher bone density is more 
resistant to tensile forces. 

This study has some limitations. Firstly, the study 
had a retrospective design and a limited sample size. 
Second and the most important deficiency was not 
evaluating functional parameters and activity scores. 
Also, a two-year follow-up can only show us early 
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period results. Moreover, although radiographs are 
easily accessible and cost-effective enabling tunnel 
width measurement to be practical and easy, in reality, 
they do not reflect the 3D structure and volume of the 
tunnels. Therefore, some studies have shown that they 
can reveal measurements lower than the actual tunnel 
diameter.[23] It is also difficult to identify tunnels on 
radiography in long-term follow-up.[28]

In conclusion, this study has shown radiologically 
that the BPTB grafting heals superiorly compared to 
HT grafting in primary ACL reconstruction surgery 
with the anteromedial portal technique. This may gain 
more strenght and durability to the  BPTB grafting. 
Therefore, BPTB grafting may be a better option for 
young and active athletes. Further studies evaluating 
the tunnel sizes in cohort designs considering the 
functional parameters are awaited.
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