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A simple technique for imaging of anterior cruciate ligament
graft after anterior cruciate ligament reconstruction surgery
in the immediate post-operative period
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Post-operative radiography performed after anterior cruciate ligament (ACL) reconstruction surgery only shows the
position of the tunnels; however, no information about the ACL graft, the actual focus of the surgery, is revealed. Videography during surgery and magnetic resonance imaging (MRI) after surgery is rarely documented in the immediate
post-operative period. Here, we describe a simple technique for visualization of ACL graft and tunnels immediately after
the surgery. For this, the graft is soaked in an iodine-containing radio-opaque dye iohexol injection after harvesting and
before implantation into the joint. A radiograph of the knee is taken immediately after the surgery and the iodine-soaked
graft shows up clearly. This technique is easy, reproducible, does not prolong the surgical duration, does not alter the
graft properties, and does not pose any risk to the patient.
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INTRODUCTION
Anterior cruciate ligament (ACL) is the most commonly
injured knee ligament [1,2]. ACL reconstruction (ACLR)
is the treatment of choice for individuals who wish to
return to resume their previous activity level [3]. Despite
the surgical intervention, failure rate after ACLR ranges
from 0.7% to 10% [4]. The various causes of ACLR failure
are technical errors (approximately 70%), chronic or
acute trauma, and biologic causes [5,6]. Malpositioning
of the bone tunnels is considered one of the most common technical errors in this surgery [7]. However, graft
laxity and roof impingement are common errors leading
to failure of ACLR. computed tomography (CT) scans and
three-dimensional volume rendering images help in assessing post-operative bone tunnel placement following
ACLR [8]. However, these are rarely performed except for
evaluating a problem or failure after ACLR. CT scans re-
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veal nothing about the graft per se and are therefore not
used for imaging of ACL grafts. No imaging technique is
currently used to document ACL graft in the immediate
post-operative period. Use of magnetic resonance imaging (MRI) for post-operative documentation is expensive
and is rarely used. Operative videography is another possible technique that is not used frequently owing to the
possible medicolegal issues.
Here, we describe a simple, cost-effective method to
image the graft in the tunnels, impingement against roof/
lateral wall of the intercondylar notch, and tension in the
ACL graft, in the immediate post-operative period.

TECHNIQUE
This technique was performed by a single surgeon in 15
patients; the average patient age was 27 years (range, 20–
35 yr) from June 2017 to June 2018. All the patients were
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A
Fig. 1. Showing iohexol injection dye (Omnipaque 350; GE healthcare,
Princeton, NJ, USA).

male. Only patients diagnosed with isolated ACL tear
were enrolled. The advantage of using iodine-containing
radio-opaque contrast dye iohexol injection (Omnipaque
350; GE healthcare, Princeton, NJ, USA) is that it is nonionic, water soluble, and non-cytotoxic (Fig. 1). Each
patient received 1 mL of intravenous iohexol injection for
the detection of iodine sensitivity. Then, all the patients
were operated under spinal anesthesia in the supine position under tourniquet control.
Standard preparation was performed, similar to that
done for arthroscopic ACLR once the semitendinosus
tendon graft is harvested, it is then prepared to form a
quadruple strands graft. It is soaked in a bowl containing
10 mL of iohexol and 1-mL injection of amikacin for at
least 30 minutes. During this period, arthroscopic procedures in the knee are completed, such as the preparation
of tunnels and joint debridement. Thereafter, the soaked
graft is inserted into the knee and for femoral graft fixation, an adjustable loop device (Procinch Reverse Tension, Stryker, NJ, USA) is used with tibial graft fixation and
interference screw (Bisoteon, Stryker, NJ, USA). For all the
patients, minimal joint lavage was done, and the wound
closed. The patient is sent directly to the radiography
room from the operating room, and a radiograph of the
knee is taken as follows: anteroposterior (AP) view in full
extension to show obliquity and graft tension, lateral view
and at 90° flexion to determine graft impingement and
graft tension at 0° and 90° (Fig. 2). None of the patients required re-do operation owing to graft malposition. Postoperatively, we followed the recovery and rehabilitation
protocols prescribed in our standard ACLR regime.
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Fig. 2. Radiograph of the right knee taken at 30 minutes postoperatively.
(A) Radiographic anteroposterior view, the route of semitendinosus tendon graft is clearly visible (red arrow showing graft). (B) Radiographic
lateral view (red arrow showing graft). (C) Radiograph at 90° flexion (red
arrow showing graft).

DISCUSSION
No known technique exists for imaging the ACL graft
apart from MRI, which is rarely used in the immediate post-operative period owing to the cost. A study by
Vaquero et al. [9] is the only trial that has described the
radiographic visualization of patellar tendon grafts for
ACLR, using a radiopaque contrast dye called iopamidol
(Iopamiro-300; Bracco, Milan, Italy) in 20 cases. The study
reported that the use of this dye did not pose any risk to
the patient. In this technique, they used about 5 to 7 mL
dye and infiltrate longitudinally along the fibers’ orientation of patellar tendon grafts using an insulin needle.
Until its implantation, they put the graft in a container
with the same contrast to make the dye penetrate the
cancellous bone through imbibition. Radiographs taken
60 minutes postoperatively showed that the graft was
clearly visible, and they could determine the location of
both, the graft and the bone tunnels as well as their relationship with the roof of the intercondylar notch. This
study has certain limitations in that it did not clarify the
following aspects: (1) The safety of injecting dye into the
dense tissue of the hamstring tendons. (2) The effects of
dilutions of the dye with antibiotics solution on the final
image. (3) The time duration for achieving good quality
images post-surgery. (4) The effect of joint lavage at the
end of surgery on the final images. (5) The position of the
limb during radiography for checking graft tension. However, the study proved that iodine-based dye is safe for
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the graft.
In our study of 15 patients, we performed multiple permutations and combinations to answer the questions
that were unresolved by Vaquero et al. [9]. We derived the
following conclusions: (1) It is not necessary to inject dye
into the graft; this is a time-consuming process. Merely
soaking the graft into the dye for 30 minutes provides
good images. (2) Adding antibiotics to the dye resulting
in its dilution up to 10% (1 mL antibiotics in 10 mL dye)
does not compromise the images. However, a greater
dilution (3 mL of vancomycin solution in 10 mL dye)
compromised the image quality. (3) Image quality is best
if the image is taken within 30 min of implantation, beyond which it deteriorates sharply and is nearly invisible
when the image is taken after > 60 minutes. (4) The image
quality of the graft falls sharply, if the knee joint is lavaged
after implantation and fixation of the graft. Thus, we recommend that the joint is lavaged thoroughly pre-graft
implantation and minimally thereafter. (5) Radiographs
should be taken in both, AP and lateral views at 0° and
90° to document isometric graft tension within this range
and to document the absence of impingement at 0°.
The advantages of this technique are as follows: (1)
Easy to adopt and reproduce. (2) Creates a document
for all future references about graft position, graft isom-

etry, graft tension, and impingement at surgery. (3) More
clearly images the tunnels in the femur and tibia in the
immediate post-operative period. This may be a learning
tool and serve as a document for medicolegal issues. (4)
In spite of no data on biological changes in the graft due
to the dye, there was no post-operative infection and no
need for revision surgery during the follow up period of
2 years, proving that this method did not pose any risk to
the patient.
This technique has certain limitations: (1) Difficult to
implement this technique in multiligament reconstruction because it is difficult to perform radiography within
the time interval of 30 minutes in those cases. (2) We have
not tested this technique in PCL and MCL reconstruction; therefore, we cannot draw any definite conclusions
about its use in those scenarios. (3) We have not tested
this technique in bone patellar tendon bone graft and
peroneus longus graft because they are rarely used in our
center for ACLR.
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