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Abstract

Original Article

intrOductiOn

Acromioclavicular dislocations are seen in young and active 
individuals, often involving sports persons, and hence, 
achieving good functional outcomes is important.[1,2] These 
account for 9% of all shoulder injuries.[1-3] Milder-grade 
injuries are managed conservatively.[3-6] The strategies for the 
treatment of higher-grade injuries evolved from nonanatomical 
techniques to more anatomical ones. The current approach 
to management favors anatomical reconstruction, and 
the techniques to reconstruct are also evolving. The main 
contenders to achieve a stable reduction of the joint have been 
implantable synthetic devices and biological grafts, primarily, 
autografts. Among the autografts, semitendinosus (ST), 
gracilis, peroneus brevis, and toe extensors have been used. 

None of these grafts have been reported to be superior to the 
other, but these have been proven to be biomechanically, 
clinically, and radiologically superior to conventional 
nonanatomical techniques.[3,4,7,8] Autograft reconstruction has 
been preferred among the many techniques.[8-10]

ST graft has been reported to achieve good results. However, 
the use of ST graft resulted in significant donor site morbidity 
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and weakness of knee flexion in sports persons. This can be 
an issue since acromioclavicular joint (ACJ) injuries too are 
commonly seen in sports persons.

We hypothesized that gracilis tendon augmented with 
FiberTape would achieve similar results to ST autograft, and 
since it is a smaller tendon than ST, it would not result in 
donor site morbidity or weakness experienced following ST 
tendon used. Next, we evaluated the functional and radiological 
outcomes of reconstructions of ACJ type III and V injuries with 
this technique. No previous studies were found reporting on 
the reconstruction of the ACJ using gracilis tendon augmented 
with a FiberTape.

Materials and MethOds

This prospective study was conducted at the tertiary 
care hospital for a period of 3 years from 2015 to 2018, 
comprising 16 patients with acute ACJ disruptions of 
grade III and V. Patients with acute ACJ disruption grade IV 
and VI, ipsilateral fractures, and those who underwent 
ipsilateral shoulder surgeries were excluded from the study. 
Informed consent was taken from all the patients included in 
the study. Institutional ethics committee approval was taken 
before the initiation of the study. The study was conducted in 
accordance with the principles laid down by the Declaration 
of Helsinki.

A thorough clinic radiological evaluation was done 
preoperatively including bilateral Zanca views for all 
cases [Figures 1 and 2]. The patient was operated in a supine 
position under general anesthesia. In the first step, the gracilis 
tendon was harvested from the ipsilateral knee with an oblique 
incision using a standard technique. Next, a whipstitch was 
applied on either end, and pretensioning of the graft was 
performed [Figure 3]. In the second step, a curvilinear incision 
was made over the ACJ to release the coracoid. To expose the 
base of the coracoid, the anterior deltoid was released from 
the clavicle. Then, two 4-mm tunnels were made on the lateral 
end of the clavicle 15 mm apart for the conoid tunnel and the 
trapezoid tunnel, 45 mm and 30 mm from the lateral end of the 
clavicle, respectively [Figure 4]. The harvested gracilis graft, 
together with a FiberTape (Arthrex, Inc., Naples, Florida), was 
looped under the coracoid and retrieved through both tunnels 
in the clavicle [Figure 5]. Then, the ACJ was reduced, and the 
FiberTape and gracilis graft were tightened, respectively. To 
prevent loosening, cross-fixation of the graft knot was done 
with nonabsorbable sutures (Ethicon 2-0). Finally, the wound 
was closed in layers, and the arm was immobilized in an arm 
pouch for 2 weeks.

Clinical outcomes were assessed using the Disability of the 
Arm, Shoulder, and Hand outcome measure (DASH) score. All 
the patients were followed at four different time points, i.e., 
3 weeks, 6 weeks, 3 months, and 6 months postoperatively. 
Radiological assessment was done with a Zanca view, and 
the coracoclavicular distance (CCD) of the operated side was 
compared with the normal side immediate postoperatively and 

at the final follow-up at 6 months [Figures 6 and 7]. The CCD 
of 25%–50% greater than that of the normal side indicates 
complete CC ligament disruption.

Statistical analysis
The sample size was calculated by using G*Power software. 
Assuming a small effect size (0.25) within the time point 
for the DASH score, at a 5% level of significance and 80% 
power, the sample size was 16 subjects. Here, 16 subjects were 
considered in the study.

Rv. 3.6.3 was used to analyze the data. The categorical 
variables were expressed as percentages, whereas continuous 
variables were expressed as mean ± standard deviation (SD). 
Independent samples t-test was done for continuous variables. 

Figure 3: Gracilis graft used for reconstruction

Figure 1: Bilateral Zanca view shoulder right side showing left ACJ 
disruption. ACJ: Acromioclavicular joint

Figure 2: Left shoulder Zanca View showing ACJ disruption. ACJ: 
Acromioclavicular joint
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A Chi-square test was done for categorical variables. Pearson 
correlation was done to determine the correlation between 
CCD and DASH scores. To compare the DASH score and 
CCD with a duration from injury to surgery, two-way repeated 
measures of ANOVA were used. Paired t-test with Bonferroni 
adjustment was used as post hoc. P < 0.05 was taken as 
statistical significance.

results

The demographic data of the study population are given in 
Table 1. The mean age of the patients was 34.44 (11.83) 
years with most between 20 and 40 years. A male 
predominance (81.3%) was noted. The injury was on the 
right side in most patients (56%) and predominately occurred 
in a traffic accident (81%). Most injuries were AC dislocation 
grade III (87.5%). The average time from injury to surgery 
was 9.18 (6.42) days; however, nearly half of the cases were 
operated upon within 7 days of injury (43.75%) [Table 1].

CCD was reduced from an average of 18.13 mm preoperatively 
to 10.41 mm on a postoperative day 1 and 10.34 mm after 
6 months. Mean DASH scores during follow-up were 
70.68 ± 5.57, 58.68 ± 4.09, 31.06 ± 3.06, and 1.43 ± 2.15 
at 3, weeks, 6 weeks, 3 months, and 6 months, respectively. 
Preoperative DASH scores were 0 in all cases. No evidence 

of tunnel widening was found in any of our cases during 
follow-up.

Time taken from injury to surgery showed no interaction 
with DASH scores and CCD. However, DASH scores 
and CCD scores significantly differed between each time 
point (P < 0.001) [Table 2].

Preoperative CCD exhibited a weak positive correlation with age 
and a weak negative correlation with the duration to surgery 
from injury. Postoperative CCD and CCD at 6 months were 
weakly negatively correlated with age and duration to surgery 
from injury (P > 0.05) [Table 3].

Pre- and post-operative CCD scores have not correlated 
with DASH scores during the follow-up. Postoperative CCD 
showed a weak negative correlation with the DASH score at 
3 and 6 weeks and at 3 months. Next, pre- and post-operative 
CCD at 6 months showed a weak positive correlation with the 
DASH score at 6 months [Table 4].

discussiOn

The surgical approaches for ACJ dislocation have been 
classified in the past into five main types: (1) fixation using 

Figure 4: Intraoperative picture showing clavicle tunnels

Figure 5: Intraoperative picture showing tunnels and graft

Figure 6: Postoperative left shoulder Zanca view Figure 7: Postoperative bilateral Zanca view
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pins, wires, or plates; (2) fixation of the coracoid to the 
clavicle using screws, synthetic slings, or tapes; (3) ligament 
substitution with the coracoacromial ligament; (4) dynamic 
muscle-tendon transfers; and (5) excision of the lateral end 
of the clavicle.[11] Anatomical reconstruction techniques may 
be added to this list. There are different approaches described 
to reconstruct ACJ anatomically – open, mini-open, or 
arthroscopic.[12-14]

Although augmentation of reconstruction has been described 
for Weaver–Dunn procedure, no augmentation with fiber 
wire of anatomical reconstruction procedures using gracilis 
autograft has been described in the literature.[15]

Biomechanical  s tudies found the load-to-fai lure 
values (mean ± 3SD) for the intact CC, isolated conoid, and 

isolated trapezoid ligaments to be 500 (6134) N, 394 (6170) 
N, and 440 (6118) N, respectively.[11]

The stiffness of FiberTape has been shown to be 23.9 N/
mm and was the material with the greatest stiffness 
among the suture materials tested in a study for shoulder 
surgery.[16] Although it was shown that ACJ reconstruction 
with tendinous grafts exhibits greater mechanical resistance, 
the combined strength of FiberTape and gracilis has not 
been tested. In the knee joint, FiberTape has been used as 
an internal brace in reconstructions of partial or complete 
Anterior Cruciate Ligament (ACL) injuries.[17]

ACJ reconstruction using tendon grafts is not a novel 
technique.[17,18] Disadvantages of this technique are donor site 
morbidity, technicality, the incidence of tunnel widening, and 
the risk of fractures related to the tunnels. However, avoiding 
the need for implant removal, hardware migration, infection, 
and foreign body reaction made ACJ reconstructions using 
hamstring graft tendons more popular than other techniques.[19] 
These reconstructions, usually supplemented with cerclage 
fixation using synthetic ligament substitutes such as Dacron, 
Mersilene tape, and polydioxanone, provide initial stability 
till the autografts heal and take over biological stability.[20,21] 
Good-to-excellent results were reported even for revision 
surgery of ACJ using autografts.[22]

In our study, patients submitted to mini-open ACJ reconstruction 
using gracilis autograft and FiberTape resulted in excellent 
functional and radiological outcomes without postoperative 
complications, donor site morbidities, and revision procedures 
at the final follow-up of 6 months. This finding suggests that the 
technique potentially can result in satisfactory AC stabilization 
with complete soft-tissue healing. Similarly, a case report 
where the CC ligament was reconstructed using a gracilis 
tendon graft also showed improved functional outcomes 
according to constant scores during the follow-up.[23,24]

Harvesting both ST and gracilis for ACJ repair resulted in 
persistent atrophy and frequent retraction of ST muscle on 
the operated side.[25] One prospective study that harvested 
gracilis tendons showed weakness in knee flexion but did 

Table 2: Comparison of disability of the arm, shoulder, and hand score and coracoclavicular distance with duration from 
injury to surgery

Duration from injury to surgery (days) P

<7 days (n=7) 7‑14 days (n=6) >14 days (n=3)
DASH score

3 weeks 69±4.62 72.17±6.21 71.67±7.37 <0.001T*
0.4414D

0.5810T: D

6 weeks 57.29±4.35 60.17±4.67 59±1
3 months 31.14±2.61 29.83±2.23 33.33±5.03
6 months 0.71±1.89 2.17±2.23 1.67±2.89

Coracoclavicular distance
Preoperative 19±1.41 17.33±1.51 17.67±0.58 <0.001T*

0.2311D

0.4993T: D

Postoperative 10.57±0.93 10.33±0.52 10.17±0.29
6 months 10.43±0.79 10.33±0.52 10.17±0.29

T: Time, D: Duration from injury to surgery, T: D: Interaction, DASH: Disability of the arm, shoulder and hand

Table 1: Patient characteristics

Variables n=16, n (%)
Age group (years)

<20 1 (6.25)
21-30 6 (37.5)
31-40 5 (31.25)
>40 4 (25)

Sex
Female 3 (18.75)
Male 13 (81.25)

Injury side
Left 7 (43.75)
Right 9 (56.25)

Injury mechanism
Fall from height 1 (6.25)
Road traffic accident 13 (81.25)
Sports 2 (12.5)

Dislocation grade
III 14 (87.5)
V 2 (12.5)

Duration from injury to surgery (days)
<7 7 (43.75)
7-14 6 (37.5)
>14 3 (18.75)
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not affect subjective knee function.[23] The gracilis tendon 
autograft has been reported for the reconstruction of the 
ACJ in the past. Some techniques, reported as single cases 
included using GraftMax and No 5 Hi-Fi Suture (Conmed), 
double fixation system, gracilis weave using tunnels in distal 
clavicle, and acromion or a transclavicular loop technique 
along with tightrope straddled by the gracilis tendon on 
either side.[26-29] FiberTape has also been used, but with ST 
tendon for reconstructing ACJ.[14] When both tendons (ST 
and G) were used to reconstruct ACJ with a mean follow-up 
of 4.5 years, Virtanen et al. found that almost half of their 
cases failed and common complications included lateral 
clavicle osteolysis, fractures of coracoid and clavicle, and 
tunnel widening.[12] This could be because of the bigger tunnel 
diameter required for both tendons. A prospective study that 
compared the two graft techniques (ST and gracilis) reported 
no significant difference in terms of power and joint stability 
and postoperative outcome after ACL reconstruction in the 
knee.[25,30]

While some studies reported that longer time from injury to 
surgery adversely affected the CC ratio, in this study, we found 
no significant correlation of duration from injury to surgery 
with either DASH score or CCD.[19,21] Lädermann et al. found 

results similar to ours.[31] They did not find any difference in 
outcomes between the early or delayed reconstruction of ACJ, 
with the delayed group reconstructed using the gracilis tendon 
allograft. No significant difference in ACJI scores, Taft scores, 
VAS, SSV, or overall satisfaction was found at an average 
follow-up of 3.4 years (1–7.1 years).

Furthermore, we found that pre- and postoperative CCDs were 
not correlated with patient age or time of surgery from injury. 
In contrast, one previous study found that CCDs (r = 0.678, 
P = 0.010) and its differences (r = −0.763, P = 0.004) were 
correlated well with time elapsing between the injury and the 
surgery but not correlated with the patient’s age.[23]

In our study, the follow-up time chosen was only 6 months 
as it is sufficient to show improvement after surgery in most 
musculoskeletal conditions. The present study indeed showed 
effective clinical and radiographic outcomes within 6 months 
after the surgical treatment of ACJ dislocation. CCD that 
measures the integrity of the ligament reconstruction reduced 
within the range 11–13 mm postoperatively after ACJ repair, 
demonstrating good radiological outcome. Next, DASH 
scores that detect the degree of disability and differentiate 
the changes in disability in patients with upper extremity 
disorders indicated excellent clinical outcomes after ACJ 
reconstruction.[24] Correlation analysis showed, although 
insignificant, CCD positively correlated with the DASH 
score. This indicates that radiological results correlate with 
the clinical outcome.

The current treatment option needs to be compared, preferably 
in a randomized controlled trial, against other conventional 
and standard techniques with a longer follow-up, to establish 
the role of this technique in the treatment algorithm of this 
condition.

Limitations of our study include a relatively short period of 
follow-up compared to previous studies and the presence 
of grade III ACJ disruptions. Future studies, preferably 
randomized controlled trials comparing standard techniques 
with this technique using general health scores such as SF12 
and pain score may be included. The use of this technique for 
established ACJ disruptions requiring surgery would confirm 
the place of this technique in the treatment algorithm of ACJ 
disruptions.

Article focus
•	 Gracilis as donor graft for acute acromioclavicular joint 

reconstruction without any donor site morbidity
•	 To study the study the functional and radiological results 

of gracilis in reconstruction acromioclavicular joint 
disruptions

•	 Comparing various graft options and their limitations.

Strengths and limitations
•	 No similar studies using gracilis tendon have been 

reported in literature.
•	 Functional and radiological results are assessed following 

reconstruction.

Table 4: Correlation between pre‑ and postoperative 
coracoclavicular distance with Disability of the Arm, 
Shoulder, and Hand scores

Coracoclavicular 
distance

DASH score

At 
3 weeks

At 
6 weeks

At 3 
months

At 6 
months

Preoperative −0.34 −0.46 −0.11 0.02
0.201 0.073 0.703 0.932

Postoperative 0.01 −0.43 −0.06 −0.02
0.972 0.101 0.824 0.954

At 6 months 0.22 −0.05 −0.06 0.23
0.402 0.858 0.805 0.376

DASH: Disability of the Arm, Shoulder, and Hand

Table 3: Correlation of coracoclavicular distance with age 
and duration from injury to surgery

Coracoclavicular distance Age Duration from injury 
to surgery (days)

Preoperative coracoclavicular 
distance

R 0.02676 −0.3764
P 0.9216 0.1508

Postoperative coracoclavicular 
distance

R −0.1379 −0.2371
P 0.6107 0.3767

Coracoclavicular distance at 
6 months

R −0.01326 −0.2350
P 0.9611 0.3809
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•	 Low sample size and nonrandomization are limitations.

Level of Evidence: IV.

cOnclusiOn

ACJ repair with an autogenous gracilis tendon graft and 
FiberTape appears to be favorable in patients with acute 
type III and V ACJ dislocation with minimal morbidity to the 
donor site.
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