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Research Paper: Comparing the Width of Hamstring 
Grafts Prepared Using Wet and Dry Gauze Methods in 
Anterior Cruciate Ligament Reconstruction Surgery

Background: The anterior cruciate ligament surgery commonly uses a hamstring tendon. The 
hamstring grafts are usually prepared by wrapping in a wet gauze under tension. 

Objectives: The placement of a hamstring tendon in a dry gauze affects the size of the graft, 
without any change in its collagen volume. The present study aimed to prove that the preparation 
method could affect the hamstring graft width.

Methods: A total number of 32 patients who had undergone the anterior cruciate ligament 
reconstruction were enrolled in this analytical descriptive study. Initially, the width of the 
4-layered extracted graft was measured using the sizer system, after placement under traction. 
Then, 16 patients were operated on, based on the dry gauze preparation method, and the other 
16, based on the wet gauze preparation method. The grafts were remeasured after traction. Six 
months after the surgery, all patients received a clinical evaluation, in which the integrity of the 
graft was evaluated based on clinical criteria. 

Results: The Mean±SD width of the 4-layered extracted grafts was 7.44±0.54 mm and 
7.41±0.33 mm in the dry gauze and wet gauze groups, respectively. However, these values did 
not significantly differ (P=0.96). After traction, the Mean±SD graft width of the dry gauze group 
was reduced to 6.97±0.62 mm. The traction led to no change in the graft width of the wet gauze 
group. The changes in the graft size significantly differed between the two groups (P=0.032). 
Moreover, 4 patients (25%) exhibited no certain endpoint in the Lachman test, also, the pivot 
shift-test was positive in 5 patients (31.2%).

Conclusion: The hamstring graft preparation technique affects the tunnel graft size. Besides, the 
use of dry gauzes procures the need for a narrower tunnel in the tibia and femur. 
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1. Introduction

nterior Cruciate Ligament (ACL) re-
construction surgery is performed using 
varying methods, including Bone-Patellar 
Tendon-Bone (BPTB) autograft, ham-
string tendon autograft, quadriceps au-
tograft, and allografts [1]. Recently, the 

use of hamstring autograft has increased to enhance the 
performance and success rates [2-5]. Also, biomechani-
cal studies have revealed that this graft is on par with 
or even superior to the BPTB grafts [6, 7]. Comparing 
BPTB and hamstring autografts, randomized clinical tri-
als have reported similar findings [8-10].

Biomechanical studies have revealed that the durability 
of a tendon is directly correlated with its size; the smaller 
the size, the higher the chance of recurrent tearing in the 
grafted tendon. Some studies have reported the mean 
width of a 4-strand hamstring graft between 7.7 mm to 
8.5 mm [6, 7, 11]. However, clinical examinations and 
MR imaging revealed that the width of the hamstring 
muscle was highly variable throughout the population 
[10, 11]. Although the accurate estimation of the width of 
hamstring muscles is difficult, it is directly correlated with 
height, sex, Body Mass Index (BMI), and knee circumfer-
ence [12-15]. An array of techniques have been described 
to increase the final width of a standard hamstring remov-
al [16-18]. Such techniques rely on increasing the ham-
string fibers to increase the width of the removed graft.

Therefore, we propose that the width of a hamstring 
graft may vary between the dry preparations and when 
the graft is placed in liquid. If the results confirm the hy-
pothesis that graft width decreases in dry preparations 
and increases in wet preparations, the lower degrees of 
graft-tunnel mismatch can be achieved. Hence, a nar-
rower tunnel can be carved, and better stability and liga-
mentization can be achieved by placing a graft that will 
enlarge and fill the tunnel after the absorption of liquids. 
In this study, we designed a method to compare the im-
pact of the wet and dry preparation methods on the graft 
width. Also, we aimed to assess the short-term clinical 
outcomes of these two preparation methods.

2. Materials and Methods

A total number of 32 patients candidate for ACL re-
construction were enrolled in an analytical descriptive 
study. All the procedures were reviewed and approved 
by the research ethics committee of our hospital, also, 
this study was carried out in accordance with the World 
Medical Association’s Declaration of Helsinki. Writ-

ten informed consent was obtained from all subjects, 
before participation. We enrolled all patients who had 
undergone the ACL reconstruction surgery owing to a 
torn ACL, within the first six months of 2017. The pa-
tients were divided into two groups and each group was 
subsequently operated on by following either of the two 
proposed preparation methods. 

The patients were randomly divided into two matched 
groups; they were alternatively allocated into the groups 
by the time of administration. Following extraction, the 
hamstring grafts were folded into four layers and then 
placed within an ACL reconstruction work set (Zimmer 
Biomet, USA), under a traction of 15 N. The work set is 
fitted with measuring equipment for the assessment of 
the width and length of the 4-layer graft (to the near-
est 0.5 mm). The two ends of the extracted graft were 
sutured using Ethibond suture, No. 2 (Johnson & John-
son Medical NV, Belgium). Then, the grafts were placed 
under traction for five minutes and their widths were re-
determined. Next, the grafts of each group were placed 
within the dry or wet gauzes. The width of the 4-layer 
graft was subsequently assessed (Figure 1). Also, sex, 
age, ethnicity, mechanism, time, BMI, and allocated 
grouping were recorded. 

Wet gauzes were prepared by placing dry gauzes in a 
normal saline solution. No antibiotics were used in this 
method. The grafts were placed under the traction for 20 
minutes, then, their sizes were reassessed using the same 
equipment. Subsequently, the tibial and femoral tunnels 
were created, based on the obtained measurements after 
20 minutes of traction. The rest of the surgical procedure 
was routinely carried out and the same techniques were 
employed for both groups. In these operations, the fixed-
loop EndoButtons (Zimmer Biomet, USA) fixation 
devices and self-absorbing screws (Stryker Co.) were 
used for the femoral and tibial fixations, respectively. 
Six months after the surgery, all patients were reexam-
ined and the anterior drawer test, the Lachman test, and 
the pivot-shift-test were obtained. Then, the variation in 
graft sizes and the clinical findings were compared be-
tween the two groups, using statistical methods. 

Statistical analysis

The quantitative and qualitative data were expressed 
as Mean±SD and percentages, respectively. Besides, 
the paired t-test (in the case of normal distribution) or 
the Wilcoxon test (as a non-parametric test) was used 
to compare the average width of the grafts before and 
after the preparation. Moreover, the independent t-test 
(or the Mann-Whitney U test, when necessary) was used 
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to compare the obtained data between the two groups. 
The qualitative results obtained from the anterior drawer 
test, the Lachman test, and the pivot-shift-test (positive 
or negative) were compared with the Chi-squared test 
(or the Fisher test, when necessary). Data analyses were 
performed using the SPSS V. 20 and the P value of lower 
than 0.05 was deemed significant. 

3. Results

Each group comprised of 16 patients (total Mean±SD 
age: 25.6±4.3 years). All patients were male; the causes 
of the ACL tears/ruptures were as follows: football 
practice (n=24), volleyball practice (n=2), accident 

(n=3), and falling from a height (n=4). Furthermore, the 
Mean±SD time of admittance after the infliction of in-
jury was 12±2.6 months. The Mean±SD BMI of patients 
was 26.2±2.4 and 27.2±1.8 in the dry gauze and wet 
gauze groups, respectively (Table 1).

Figure 2 presents the width of the 4-layered grafts after 
extraction. The Mean±SD width of the 4-layered extract-
ed grafts was 7.44±0.54 mm and 7.41±0.33 mm in the 
dry gauze and wet gauze groups, respectively. However, 
these values did not significantly differ (P=0.96). Aver-
agely, the grafts spent 25.3 minutes and 18.1 minutes in 
the dry and wet preparations, respectively. After traction, 
the average graft width in the dry gauze group was re-

Figure 1. Assessment of the width of the graft
A: The 4-layer graft following extraction (did not pass through the 7 mm measure); B: The same graft after the preparation by 
dry gauze (passed through the 7 mm measure).

Figure 2. Alterations in graft width before and after the traction, by  the preparation methods
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duced to 6.97±0.62 mm. The traction did not change the 
graft width of the wet gauze group. The Mann-Whitney U 
test revealed a significant difference in the width changes 
between the two groups (P=0.032), following the appli-
cation of traction. Besides, the paired t-test revealed that 
the alteration in width by about 0.5 mm in the dry gauze 
group was statistically significant (P≤0.001). The graft 
width remained constant in the wet gauze group.

After 6 months, the clinical evaluation of the patients 
revealed that four patients did not exhibit a certain end-
point in the Lachman test. Out of these four patients, two 
belonged to the dry gauze group and two belonged to 
the wet gauze group, also, two claimed that they were 
unable to run. Moreover, the pivot-shift-test was positive 
in five patients, two of which belonged to the dry gauze 
group and three to the wet gauze group. Besides, the an-
terior drawer test was positive in two patients of the dry 
gauze group and three patients of the wet gauze group.  

4. Discussion

This study evaluated the impacts of the wet and dry 
gauze methods of hamstring graft preparation on ACL 
reconstruction surgery. Preparation with dry gauzes de-
creased the graft width, requiring narrower tunnels to be 
dug in the tibia and femur bones. Also, the traction did not 
affect the width of grafts prepared by the wet gauze meth-
od. However, the use of dry gauze can cause side effects, 
including the increased risk of infection and tendon ne-
crosis; we have not observed such complications, in this 
study, but they need to be studied in a larger sample size. 

The hamstring width varies depending on the age of 
the individual [16, 17]. Also, this value is affected by an-
thropometric parameters [18, 19]. Various studies have 
evaluated the impact of hamstring graft size on the re-

vision of ACL reconstructive surgery. The type of graft 
(allograft or autograft) does not affect the final results of 
ACL reconstruction [20]. 

However, the graft inclination angle technique and the 
methods of preparation can significantly impact the final 
results [14, 15, 21]. In many studies, the small sizes of the 
graft are associated with higher revision in ACL recon-
struction [19-23]. In such studies, grafts with widths of 
less than 8 mm faced a higher chance of failure, compared 
with the 5 and 6-strand grafts [22-25]. Therefore, the in-
crease in graft width is not directly correlated with better 
clinical outcome in ACL reconstruction surgery [26, 27]. 

An array of factors affect the outcome of ACL recon-
struction surgery. In a study on 786 patients with torn 
ACL, the larger widths of the hamstring grafts were not 
directly correlated with the decreased revision. How-
ever, age was the most prominent factor in this regard 
[27]. Also, larger graft widths may result in more severe 
arthrofibrosis and worsen the functional outcomes in pa-
tients [28]. Although smaller graft widths are associated 
with the higher chances of recurrent ACL torsion, larger 
widths carry an increased risk of impingement. Besides, 
the larger widths of graft require larger tunnels, which 
cause greater bone damage. Hence, the use of smaller, 
more robust grafts is always optimal. 

The durability of a tendon graft relies on the collag-
enous content of the graft [28]. The physical shrinking of 
a graft does not affect the collagen content and keeps the 
same durability [28]. It is considered optimal to keep the 
durability of a graft constant and simultaneously provide 
methods that require smaller tunnels created within the 
bones to achieve better clinical outcomes [28, 29]. Also, 
due to a very high osmotic potential within tendons, 

Table 1. Demographic information of the two study groups

Variable
Mean±SD / No. (%)

Wet Gauze Preparation Dry Gauze Preparation

Mean age (years) 25.2±3.1 25.4±3.6

Sport injury 13(81.25) 12(75)

Accidents injury 1(6.2) 2(12.5)

Falling from a height 2(12.5) 2(12.5)

BMI (kg/m2) 27.2±1.8 26.2±2.4

Time of injury (month) 12.7±1.4 12.4±2.1
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shrunk tendons reabsorb fluid and retain their initial size 
rapidly [28, 29]. 

Graft ligamentization is another issue in ACL recon-
struction surgery. This process is time-consuming and 
any interference during this time may lead to tunnel wid-
ening [29]. Tunnel graft mismatch, especially at the en-
try point of the graft into the tunnel, leads to tunnel wid-
ening due to the windshield effect, which in turn results 
in surgical failure. Various biomechanical factors, such 
as the movement of the graft within the tunnel, drilling-
induced bone necrosis, and the shape of the tunnel open-
ing may cause tunnel widening; these factors result in 
the accumulation of synovium within the tunnel and sub-
sequent widening. The shrinkage of grafts prepared with 
the dry gauze method leads to the drilling of narrower 
tunnels, which will be filled out with the graft after the 
absorption of fluids. Thus, the dry gauze method reduces 
the chance of synovial accumulation within the tunnel 
and subsequent tunnel widening [30].

The short follow-up period was the main limitation of 
the present study. Although after the 6-month follow-up 
only two patients of the dry gauze group had nonfunc-
tional ACLs, the functional outcome of the reconstruc-
tive surgery could not be evaluated based on scoring 
methods. Thus, the possible negative outcomes of graft 
shrinking on graft longevity remain undetermined. 
Long-term follow-ups and clinical evaluations are cur-
rently underway for the patients enrolled in this study. 

5. Conclusion

Hamstring graft preparation using the dry gauzes tech-
nique procures the need for a narrower tunnel in the tibia 
and femur. It seems that a relative increase in graft size after 
the resorption of fluids decreases the tunnel-graft mismatch. 
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