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Abstract

Background: Acromioclavicular (AC) joint dislocation is common among shoulder injuries, and various surgical
methods have been introduced for effective ligament reconstruction. Reconstruction of the coracoclavicular (CC)
ligament in the anatomical position using autologous tendons is a recent surgical trend. This study is to report clinical
and radiologic results of reconstruction of the CC ligament using an autologous palmaris longus tendon interweaved
with Mersilene tape (PLMT) with a minimum 2-year follow-up.

Methods: This retrospective study analyzed 76 patients (mean age, 43.4+ 11.2years) with AC joint dislocation
treated by reconstruction of the CC ligament with PLMT, from March 2004 to February 2017. The mean follow-up
period was 28 + 6.7 months (range, 24-66 months). The Visual Analog Scale (VAS) for pain assessment, American
Shoulder and Elbow Surgeons rating scale (ASES), and Constant Score (CS) were used to evaluate clinical outcomes
at the preoperative and the final follow-ups. CC and AC distances were measured using anteroposterior (AP) X-ray
preoperatively and at the final follow-up for radiologic outcomes. Complications were also assessed.

Results: The mean preoperative VAS for pain, ASES, CS were 5.7+£0.7, 77.1 £ 6.2, and 61.5+ 5.2, respectively.

These scores at the final follow-up improved to 2.1 +0.5,90.9+4.3, and 94 + 7.0, respectively (p=0.043, p< 0.001,
p< 0.001). The mean preoperative CC and AC distances were 16.49+3.73mm and 13.84 4 3.98 mm, respectively.

The final follow-up CC and AC distances were 9.29+ 2.72 mm and 5.30 4 2.09 mm, respectively (p < 0.001, p< 0.001).
Although a slight re-widening of the CC distance occurred in 10 patients (13.1%), most patients regained full range of
motion of the affected shoulder at the final follow-up.

Conclusion: The CC ligament reconstruction with PLMT for the treatment of AC joint dislocation showed good clini-
cal and radiological results. This technique could be a good alternative treatment for AC dislocations.

Keywords: Dislocation, Shoulder injury, Acromioclavicular joint, Coracoclavicular ligament, Palmaris longus,
Mersilene tape

Background

Dislocation of the acromioclavicular (AC) joint is a com-
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standard has been established to date. In recent studies,
the optimal treatment for AC dislocation has been the
restoration of static stability of the coracoclavicular (CC)
ligament; which resists against the repetitive axial and
rotational motion of the clavicle [6]. Thus, anatomical
reconstruction with free tendon grafts or artificial mate-
rial has recently received increasing interest, with reports
of improved stability of the joint with good clinical results
[2]. According to several comparative studies and system-
atic reviews, reconstruction of the CC ligament by free
tendon graft can provide the highest subjective scores
and the fewest complications with low reoperation rates
[8, 10, 18]. However, these techniques are associated with
some complications, such as clavicle fractures caused by
bone tunnels or early mechanical failure of grafted mate-
rial, whether it is an autologous tendon or an artificial
material [11, 14, 18, 22].

In this study, we devised a surgical technique using
the ipsilateral autologous palmaris longus tendon inter-
weaved with Mersilene tape (Ethicon, Somerville, NJ,
USA) (PLMT) to obtain both initial stability from the
artificial tape and later stability by ingrowth of bio-
logic cells into the grafted tendon. To avoid complica-
tions associated with clavicular bone tunnels, ligament
reconstruction was performed using the under-cora-
coid-around-clavicle pathway [24]. This study aimed to
introduce our surgical technique using PLMT and report
results of clinical and radiologic outcomes with a mini-
mum 2-year follow-up.

Methods

Study design

After approval of the Institutional Review Board
(SC18RESI0007), a total of 113 patients with Rockwood
classification grade III to V AC joint dislocations, from
March 2004 to February 2017, were reviewed retrospec-
tively. For grade III patients, we explained them pros and
cons of non-surgical treatment (using Kenny-Howard
brace) and surgical treatment, we performed surgery
only for those who decided the surgical treatment, and
also performed surgery who wanted early return to work
or exercises. All methods were performed in accordance
with the relevant guidelines and regulations. Patients
who had undergone reconstruction of the CC ligament
using the PLMT with a follow-up period of over 2years
were included. Patients with minor concomitant shoul-
der pathologies, such as rotator cuff tear, labral tear, and
biceps tendinopathy, and if they had ipsilateral upper
extremity injuries such as fractures in the clavicle, scap-
ula, and humerus were excluded. Consequently, among
113 patients, 37 patients were excluded, and 76 patients
were finally included in this study. The patients who had
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undergone operations at 6weeks after the injury were
regarded as chronic cases, but the surgical technique was
the same as for the acute cases.

Surgical techniques

Patients were placed in the beach chair position under
general endotracheal anesthesia. A palmaris longus (PL)
tendon was harvested from the ipsilateral forearm using
a tendon stripper, interweaved with Mersilene tape
(Fig. 1A), and wrapped with a saline-soaked gauze. A
transverse skin incision, approximately 10cm in length,
was made over the distal clavicle including the AC joint.
The deltotrapezial fascia was elevated subperiosteally
to expose the clavicle and AC joint. Dissection was per-
formed as minimal as possible to allow passing the PLMT
underneath the coracoid process for indirect healing of
surrounding soft tissues. The distal clavicle was retracted
superoposteriorly to expose the coracoid process and
after identification of the coracoid process, a wire passer
was passed under the coracoid process with a 23-gauge
roll wire (Fig. 1B). The passer was removed, leaving the
roll wire under the coracoid process (Fig. 1C), and the
PLMT was passed beneath the coracoid process with the
passed roll wire. One end of the PLMT then passed pos-
teriorly to encircle the coracoid process and clavicle. Sub-
sequently, the dislocated AC joint was reduced and fixed
with two Steinmann pins (S-pins) (Fig. 1D). The PLMT
was sutured together in a fully tightened state (Fig. 2).
The deltotrapezial fascia was closed securely for addi-
tional stability.

Postoperative care

The injured arm was immobilized for 6weeks with a
Velpeau brace, and the S-pins were removed at 6 weeks
after the operation. Pendulum and gentle passive stretch-
ing exercises of the shoulder were initiated after removal
of S-pins. Patients were allowed to start active range of
motion and strengthening exercises 9weeks after the
operation. Return to work and light sport activities were
allowed 12weeks after the operation. If the progression
of re-widening was identified after removal of S-pins, we
recommend the patient to restrict use of the arm and use
the arm sling during daily activities to prevent further
widening. However, patients were advised not to perform
contact sports for at least 6 months.

Clinical assessment

We contacted the patients at least 2years after the sur-
gery (range, 24—66months) and scheduled them for
a clinical examination with the same orthopedic doc-
tor who performed the surgery. Range of motion was
checked in the following planes: flexion, abduction, inter-
nal and external rotations at 90° of shoulder abduction,
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with two S-pins

Fig. 1 Techniques for PLMT passing under the coracoid process and over the clavicle. a A harvested PL tendon (arrow heads) was prepared by
interweaving with Mersilene tape. Both ends of the tendon were sutured to the tape so as not to be separated during the procedure (arrows). b A
23-gauge roll wire was inserted into the hole of a wire passer, and the passer was inserted under the coracoid process. Ruptured coracoclavicular
ligament was visible (arrow). CO: coracoid process, CL: clavicle. ¢ The passer was removed leaving the roll wire. d The AC joint was reduced and fixed
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Fig. 2 This schematic illustration shows the PLMT reconstruction of
the CC ligament

and extension. For the clinical outcome assessment, the
Visual Analog Scale (VAS) for pain, American Shoulder
and Elbow Surgeons rating scale (ASES) score, and Con-
stant Score (CS) were evaluated at the preoperative and
the final follow-ups.

Radiologic assessment
The CC and AC distances were measured using clavi-
cle anteroposterior (AP) radiographs. The CC distance

was defined as the distance between the most superior
point of the coracoid process and the nearest point of
the inferior surface of the clavicle. The AC distance was
defined as the shortest distance between the distal clavi-
cle and acromion. The distances were measured pre-
operatively, at 6 weeks postoperatively, and at the final
follow-up. The CC and AC distances of the uninjured
shoulder were measured also to compare with the injured
shoulder. Since the CC and AC distances could be suffi-
ciently confirmed with simple clavicle X-rays, additional
measurements in computed tomography (CT) were not
considered.

Statistical analyses

Statistical analysis was performed with PASW software,
ver. 21 (SPSS Inc., Chicago, IL). Paired student’s ¢-test
was used to detect differences between preoperative and
postoperative outcome scores, pain scales and radiologic
measurements. A P-value less than .05 was considered as
statistically significant.

Results

The patients comprised 66 men and 10 women, with a
mean age of 43.4+11.2years (range, 16—82years). The
right shoulder was involved in 52 patients, and the left
shoulder in 24 patients. According to the Rockwood
classification for AC-CC injury, there were 15 cases of
type 111, 5 cases of type IV, and 56 cases of type V. Sixty-
one shoulders (80.2%) were classified as acute injuries,
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and the mean time interval between the injury and the
operation was 16.5+15.3 days (range, 3—35 days). Fifteen
shoulders (19.8%) were chronic injuries and were oper-
ated at 87.3+11.7days (range, 65—150days) after injury
on average. Thirty-four patients (44.7%) were injured dur-
ing contact sports activities, such as soccer, basketball,
and martial arts, 17 patients (22.4%) were injured due to
traffic accidents, 18 patients (23.8%) were injured while
riding a bicycle, 3 patients (3.9%) fell from a height, and 4
patients (5.2%) had fall down injuries. The mean follow-
up period was 28+ 6.7months (range, 24—66 months)
(Table 1).

Clinical outcomes

The mean ranges of motion of the shoulder at the final
follow-up were 165°+15.3° (range, 140—180°) in forward
flexion, 146.7°£20.1° (range, 110-180°) in lateral abduc-
tion, 55.7°£11.4° (range, 20—80°) in external rotation,
59.4°+16.8° (range, 30-90°) in internal rotation, and
32.5°+8.1° (range, 20—45°) in extension. The mean VAS
for pain were decreased from 5.7+0.7 points (range,
3-9 points) preoperatively to 2.14+0.5 points (range,
0-5 points) at the final follow-up. The mean ASES score
improved from 77.1 6.2 points (range, 65-90 points) to
90.9+4.3 points (range, 77-100 points). The mean CS
improved from 61.5+5.2 points (range, 41-68 points)

Table 1 Patients'demographic characteristics

Data
Male: Female 66:10
Age,y 4344112 (16-82)
Injured site, n
Right 52
Left 24
Rockwood classification?, n
Il 15
vV 5
V 56
Time from injury to surgery, days
Acute 16.5415.3 (3-35)
Chronic 873+ 11.7 (65-150)

Injury mechanism, n

Sports injury (contact sports) 34
Traffic accident 17
Bicycle accident 18
Fall from height (more than 2m) 3
Fall down 4

Follow-up, mo 28 +£6.7 (24-66)

Values are reported as mean + standard deviation
n number, y year, mo month
2 Rockwood classification of AC dislocations
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preoperatively to 94+ 7.0 points (range, 68—95 points) at
the final follow-up. All clinical scores showed statistically
significant improvements (p =0.043, p < 0.001, p< 0.001)
(Table 2).

Radiologic outcomes

The mean CC and AC distances in the uninjured
shoulder were 6.92+1.82 (range, 3.65-9.96) mm and
3.48+1.17mm (range, 1.1-6.44mm) respectively. The
mean preoperative CC and AC distances in the injured
shoulder were 16.49 £+ 3.73 mm (range, 8.5-26.4mm) and
13.84+3.98mm (range, 6.62-23.11mm) respectively.
The CC distances were 7.16+£1.22mm (range, 3.85—
13.23mm) at 6weeks after surgery and 9.29£2.72mm
(range, 4.54—15.3mm) at the final follow-up. The AC
distances were 3.86+2.34mm (range, 1.56-7.13mm)
at 6weeks after surgery and 5.30+2.09mm (range,
1.1-10.92mm) at the final follow-up (Fig. 3). Statistical
analyses were applied to the radiologic measurements to
compare preoperative and postoperative data. No signifi-
cant correlations were found between ASES/CS and radi-
ologic outcomes at the final follow-up. Compared with
the preoperative measurements, the mean CC and AC
distances remained decreased at the final follow-up and
these differences were statistically significant (P<.001)
(Table 3).

Complications

A slight re-widening of the CC distance occurred in
10 patients (13.1%), of which 7 patients were chronic
cases (more than 6weeks from the trauma). Two
patients had clavicle fractures at the reconstructed lig-
ament area after a simple fall down. One patient was
treated conservatively (Fig. 4) with velpeau sling for
5weeks, and bone union was obtained 3 months after
the trauma. The other patient underwent open reduc-
tion and plate fixation because there was a displace-
ment at the fracture site. There were 10 patients with
pin site related complications. Three patients with
pin site infection were treated using oral antibiotics.

Table 2 Summary of clinical outcomes

Outcome Preoperative Last follow-up Pvalue
measurements

VAS 57407 (3-9) 21405 (0-5) 0.043*
ASES 77.1+£6.2 (65-90) 909443 (77-100) < 0.001*
(&) 61.5+52(41-68)  94.0+7.0 (68-95) <0.001*

Values are reported as mean =+ standard deviation

VAS Visual Analog Scale, ASES American Shoulder and Elbow Surgeons
Standardized Shoulder Assessment Form, CS Constant Score

*Independent Paired t-test



Lee et al. BMC Musculoskeletal Disorders

(2022) 23:648

Page 5 of 9

|

Fig. 3 aTypeV ACdislocation by Rockwood classification. b AC joint reduction and reconstruction of CC ligament with PLMT, and S-pins fixation. c
The CC and AC distances were well maintained in the final follow-up X-ray

Table 3 Summary of radiologic outcomes

Radiologic parameters

Results

CC distance, mm
Uninjured
Preoperative, injured
Postoperative, injured
Last follow-up
Difference (injured — uninjured)
Difference (preop. - postop.)
P value: preop. vs. last follow-up
P value: uninjured vs. last follow-up
AC distance, mm
Uninjured
Preoperative, injured
Postoperative, injured
Last follow-up, injured
Difference (injured — uninjured)
Difference (preop. — postop.)
P value: preop. vs. last follow-up
P value: uninjured vs. last follow-up

6.92+1.82 (3.65-9.96)
16.4943.73 (8.5-26.4)
7.16+1.22(3.85-13.23)
9.2942.72 (4.54-153)
9.57+£349 (3.72-21.5)
7244339 (0.67-19.3)
<0.001*

0.032*

34841.17 (1.1-6.44)
13.84+£3.98 (6.62-23.11)
3864234 (1.1-7.13)
530+£2.09 (1.1-10.92)
9.9643.90 (2.57-19.29)
8.13+346 (1.11-17.97)
<0.001*

0.025*

Values are reported as mean =+ standard deviation
CC Coracoclavicular, AC Acromioclavicular
*Independent paired t-test

,t,. é

Fig.4 A patient (in 40's) underwent CC reconstruction. a After
5months, the patient fell down and developed a clavicle fracture at
the site of the CC ligament reconstruction area. b After conservative
treatment with a Kenny-Howard brace, union was achieved without
further displacement

Migration of the S-pins before 6 weeks occurred in 7
patients. To stop further re-widening, 3 patients addi-
tionally wore the Kenny-Howard brace, and patients
wore the velpeau brace. X-rays were checked every
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Fig. 5 A plain radiograph taken at postoperative 18 months shows

erosion of the superior cortex of the clavicle (arrow head). However,
the CC and AC distances are well maintained

Table 4 Complications

Variable Data
Re-widening of CC distance ® 10 (13.15%)
Pin site problem 10 (13.16%)
Superficial infection 3
Pin migration 7
Fracture of clavicle after slip down 2 (2.6%)
cortical erosion of clavicle 2.26/0.75mm
Heterotopic ossification 10 (13.5%)
Cortical erosion of clavicle 69 (90.79%)
<1mm 26
1-2mm 41
>2mm 2

Data are reported as numbers of patients and percentage

2 Increase of CC distance over 50% compared to the uninjured shoulder

week, and if re-widening did not progress, additional
immobilization was stopped and rehabilitation treat-
ment was re-started. A variable amount of erosion
of the superior cortex of the clavicle was detected
in 69 cases (90.7%). The erosion phenomenon was
regarded as the result of continuous load to the clavi-
cle by the grafted PLMT, and interpreted as a sign that
the reconstructed ligament had remained in a func-
tional status (Fig. 5). The cortical erosion of the two
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fall-down patients with clavicle fracture was 2.26 and
0.75 mm (Table 4).

Discussion
The various treatments for AC joint dislocation have
been as follows: (1) reduction of the AC joint with simple
pinning (Phemister technique) or hook plate fixation, (2)
CC screw fixation (Bosworth technique), (3) direct repair
of the AC or CC ligament, (4) distal clavicle resection,
(5) dynamic muscle transfer, and (6) reconstruction of
the CC ligament with free tendon graft [5, 10]. While, no
consensus has been achieved on the best surgical method
for AC joint dislocation, a number of procedures have
been introduced according to these concepts. However,
reconstruction of the CC ligament has been reported to
have favorable results, and was discussed in many recent
studies for the treatment of AC joint dislocations. Differ-
ent surgical methods using various materials have been
introduced. The main issues are as follows: (1) which
materials will be used, artificial tapes or autologous ten-
dons, (2) single or double bundle, (3) and whether to use
bone tunnels or not [9, 11, 17, 29]. Which method to
choose among these factors and combinations of tech-
niques will depend on the experience and judgment of
the operating surgeons. In our study, we used the autolo-
gous ipsilateral PL tendon with Mersilene tape in a single
bundle and did not use a bone tunnel in the coracoid pro-
cess and clavicle. We cannot prove that PLMT is superior
to auto-graft. This technique was used with a tendon that
can be harvested from the ipsilateral upper extremity, and
used together with Mersilene tape to overcome the weak-
ness of thickness and strength of PL. The technique for
encircling the clavicle and coracoid process with PLMT
was used under the assumption that the tendon could be
fixed and maintained without making bone tunnels.
Regardless of the materials used, reducing the dis-
located AC joint accurately and performing anatomic
reconstruction of the CC ligament are important to
achieve successful clinical and radiologic results. When
using the autologous tendons, surgeons usually harvest
tendons from the leg, such as the gracilis, semitendi-
nosus, or peroneus longus tendons rather than from
the arm, probably due to the advantages in diameter,
length, and strength, related overall to the graft [22, 28,
29]. The PL tendon is rarely used for the treatment of
AC dislocations because it is considered relatively weak
for a single graft and it is also absent in approximately
10-15% of humans [20]. Due to these shortcomings of
the PL tendon, surgeons usually prefer to use the autol-
ogous tendons from the leg. However, if surgeons use
the PL tendon, preparing the lower extremity for ten-
don harvesting is not necessary as well as a functional
deficit is not apparent at the wrist and forearm after



Lee et al. BMC Musculoskeletal Disorders (2022) 23:648

harvesting the PL tendon. Thus, it can be a good candi-
date for graft material. To overcome the limitations of
the PL tendon, we reinforced the tendon by interweav-
ing it with artificial tape. If confirmed that the PL was
absent before surgery, we would have used a tendon
from the leg. However, there weren't any patients with-
out a PL tendon in all cases.

The healing process of autografts has four stages
after applications: necrosis, revascularization, cellu-
lar proliferation, and remodeling [2]. After incorpo-
ration, grafted tendons lose their original strength up
to 30—40% [2, 9]. Because grafted tendons are initially
weak during stages of necrosis and revasculariza-
tion, failure of single autologous tendon graft for acute
AC joint dislocations was reported by Choi et al. [5]
Some studies reported good results after reconstruc-
tion with artificial tapes [7, 27, 30], but artificial tapes
or suture materials have no biological properties and
revascularization process, thus the tapes may eventu-
ally rupture from repetitive loads [23]. For optimal out-
comes, grafting materials should not only have initial
strength but should also allow continuous biologic tis-
sue ingrowth to resist continuous and repetitive load.
So, we devised a technique using the autologous tendon
interweaved with artificial tape, and this stabilization
of AC dislocation using the PLMT offered advantages.
Reconstruction with PLMT managed to overcome the
disadvantages of each material and maximized the
advantages. Until the grafted tendons gain sufficient
strength, the artificial materials serve to add additional
resistance. The rate of re-widening of the dislocated AC
joint in this study was 13.1%. Compared with recent
meta-analysis studies [11, 13, 22], our series showed
better results in maintaining reduction and functional
gains. Some surgeons perform a double loop technique
instead of a single loop to increase the strength of grafts
[3, 21]. Since PLMT has two graft materials, although it
is a single strand, it can act as a double loop.

We did not fully dissect the detotrapezial fascia and
muscles, but dissection was performed to allow passing
the PLMT underneath the coracoid process. Less soft tis-
sue dissection can help for indirect healing in acute cases.
We tried to perform dissection or periosteal stripping as
minimal as possible. It would be ideal if good treatment
results were obtained with a minimal procedure, but
even within the Rockwood classification, the degree of
damage may vary and the healing potential of ligament
is different for each patients. In addition, although S-pin
fixation for AC joint and immobilization for 6 weeks has
a very important effect on initial strength for AC-CC
injury, we experienced patients whose CC distance grad-
ually increased after the removal of S-pins. Therefore, we
think that reconstruction with PLMT has the advantage
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of reinforcing the soft tissue healing and ensuring better
treatment results.

In the reconstruction of the CC ligament for AC dis-
locations, some surgeons prefer making holes in the
clavicle or coracoid process to pass the grafting materials.
Since the introduction of double-tunnel reconstruction
of the CC ligament by Mazzocca et al. [15] several studies
have reported high success rates from this technique [3,
4, 12, 21]. However, as the graft material transfers axial
load to the clavicle, stress fracture may occur at the weak
point of the clavicle, whether the graft material is single
or double [14, 16, 25]. To prevent these undesirable frac-
tures, we passed the PLMT under the coracoid and tied
it over the clavicle without drilling holes or bone tunnels
through the clavicle and coracoid process. This technique
has the advantages of reducing operation time, decreas-
ing the possibilities of stress fractures, and prevent-
ing tendon rupture around the bone holes. Moreover, it
allows unrestricted movement between the clavicle and
coracoid process maintaining the interval between them.

The weight of the arm is transferred to the recon-
structed ligament, and shoulder motion and grafted
tendon ac as a stress riser leading to erosion and indenta-
tion at the superior cortex of the clavicle. In our cases,
as time went by, as the grafted tendons worked against
repetitive load, erosion was noted around 8 to 12 weeks
postoperatively. As the clavicle adapted to the load and
PLMT became stronger through fibrosis or remodeling,
erosion stopped over time. However, since the grafted
PLMT may act as a long-term stress riser at the site of
erosion, the possibility of fracture of the clavicle should
be explained to the patients, and long-term follow-up
will be needed to check additional changes at the upper
cortex of the clavicle.

Among the 10 patients who experienced re-widening of
the CC distance at the final follow-up, 8 patients had tol-
erable subjective symptoms and range of motion. There-
fore, the patients were satisfied with the condition and
we did not recommend reoperation. In 2 cases, patients
complained of pain in the AC joint and protrusion of the
distal clavicle, but refused reoperation. The re-widening
of the CC distance occurred in 7 out of 15 patients in
chronic cases (46.7%). Thus, chronicity was considered to
be a risk factor in the failure of ligament reconstruction.
If there are patients who need re-operation due to pain
and disability, we recommend a re-reconstruction using
auto-graft tendon or a tendon harvesting from the lower
extremity. Pin migration occurred in 7 cases because of
the use of smooth pins instead of threaded pins for AC
joint fixation. As the possibility exists that the issue may
cause serious problems around the neck, we bent the tips
of the pins or used a stopper to prevent complications in
recent cases.
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This study has several limitations. Since it is not
a comparative study, the superiority over other sur-
gical techniques could not be demonstrated. Some
of the cases had a relatively short follow-up period
(24 months); thus, late complications such as clavicle
fractures could not be accurately assessed. To prove the
advantages of the PLMT proposed in this study, a bio-
mechanical study is necessary to compare the strengths
of the PLMT with the strengths of the tendons of lower
extremities. The late pathologic changes of the recon-
structed PLMT should be proven through and in vivo
study. Also histological studies on the difference in cell
ingrowth into the autologous tendon, artificial tape,
and a combination of these two materials are also war-
ranted. At least, since follow-up MRI was required to
conform the condition of the reconstructed PLMT, it is
an important limitation of this study.

Conclusion

As the reconstruction of CC ligament with PLMT
obtained good radiologic and clinical results, this tech-
nique can be another grafting alternative for the surgi-
cal treatment of AC dislocation. An artificial tape may
assist in reinforcing a relatively weak and thin autolo-
gous PL tendon. The PL tendon can help the artificial
tape through cellular proliferation and remodeling in
the late stage of healing, eventually resulting in good
reconstruction results of the CC ligament. In terms of
the results, this technique is more suitable for acute
cases rather than chronic cases. Although re-widening
occurred frequently in chronic cases, but considering
that the patient’s pain and clinical symptoms have been
improved, PLMT reconstruction can be applied to the
chronic cases as well.

Abbreviations

AC: Acromioclavicular; CC: Coracoclavicular; PMLT: Palmaris longus ten-

don interweaved with Mersilene tape; VAS: Visual Analogue Scale; ASES:
American Shoulder and Elbow Surgeons rating scale; CS: Constant Score; AP:
Anteroposterior.

Acknowledgements

The authors wish to acknowledge the help provided by The Catholic Univer-
sity of Korea and Department of Orthopedic surgery of Yeouido St. Mary’s
Hospital.

Authors’ contributions

Yoon Min Lee (first author) collected data, performed the analytic calculations,
and wrote the manuscript. Yoo Joon Sur (corresponding author) conceived

of the presented idea, developed the theory, and supervised the whole work.
Joo Dong Yeo and Zin Ouk Hwang prepared figures and tables. Seok Whan
Song reviewed and approved the final manuscript. The author(s) read and
approved the final manuscript.

Funding
The authors declare that they do not receive any source of funding.

Page 8 of 9

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board, Yeouido St. Mary’s
Hospital, Seoul, Republic of Korea (approval number: SC18RESIO007). Written
informed consent was obtained from all individual participants included in
the study.

Consent for publication
Not applicable for this study.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopedic Surgery, Yeouido St. Mary's Hospital, The Catholic
University of Korea, Seoul, Republic of Korea. >Department of Orthopedic
Surgery, Uijeongbu St. Mary's Hospital, The Catholic University of Korea, 271,
Cheonbo-ro, Uijeongbu, Gyeonggi-do 11765, Republic of Korea.

Received: 13 September 2021 Accepted: 27 June 2022
Published online: 06 July 2022

References

1. A.RC, Bucholz RW, Court-Brown CM, Heckman JD, Tornetta P. Rockwood
and Green's fractures in adults. 2nd Philadelphia: JB Lippincott; 1984.

2. Arnoczky SP. Biology of ACL reconstructions: what happens to the graft?
Instr Course Lect. 1996;45:229-33.

3. Banffy MB, Uquillas C, Neumann JA, ElAttrache NS. Biomechanical
evaluation of a single- versus double-tunnel Coracoclavicular ligament
reconstruction with acromioclavicular stabilization for acromioclavicular
jointinjuries. Am J Sports Med. 2018;46:1070-6.

4. Carofino BC, Mazzocca AD. The anatomic coracoclavicular ligament
reconstruction: surgical technique and indications. J Shoulder Elb Surg.
2010;19:37-46.

5. ChoiNH, Lim SM, Lee SY, Lim TK. Loss of reduction and complications
of coracoclavicular ligament reconstruction with autogenous tendon
graft in acute acromioclavicular dislocations. J Shoulder Elb Surg.
2017;26:692-8.

6. Costic RS, Labriola JE, Rodosky MW, Debski RE. Biomechanical rationale
for development of anatomical reconstructions of coracoclavicular liga-
ments after complete acromioclavicular joint dislocations. Am J Sports
Med. 2004;32:1929-36.

7. Flinkkila TE, Ihanainen E. Results of arthroscopy-assisted TightRope repair
of acromioclavicular dislocations. Shoulder Elbow. 2014,6:18-22.

8. Grutter PW, Petersen SA. Anatomical acromioclavicular ligament recon-
struction: a biomechanical comparison of reconstructive techniques of
the acromioclavicular joint. Am J Sports Med. 2005;33:1723-8.

9. Jackson DW, Grood ES, Goldstein JD, Rosen MA, Kurzweil PR, Cummings
JF, et al. A comparison of patellar tendon autograft and allograft used for
anterior cruciate ligament reconstruction in the goat model. Am J Sports
Med. 1993;21:176-85.

10. LaPrade RF, Hilger B. Coracoclavicular ligament reconstruction using a
semitendinosus graft for failed acromioclavicular separation surgery.
Arthroscopy. 2005;21:1277.

11. Lee SJ, Nicholas SJ, Akizuki KH, McHugh MP, Kremenic 1J, Ben-Avi S.
Reconstruction of the coracoclavicular ligaments with tendon grafts: a
comparative biomechanical study. Am J Sports Med. 2003;31:648-55.

12. Lee SK, Song DG, Choy WS. Anatomical double-bundle Coracoclavicular
reconstruction in chronic acromioclavicular dislocation. Orthopedics.
2015;38:€655-62.

13. Li X, MaR, Bedi A, Dines DM, Altchek DW, Dines JS. Management of
acromioclavicular joint injuries. J Bone Joint Surg Am. 2014;96:73-84.



Lee et al. BMC Musculoskeletal Disorders (2022) 23:648 Page 9 of 9

14. Martetschldager F, Horan MP, Warth RJ, Millett PJ. Complications after
anatomic fixation and reconstruction of the coracoclavicular ligaments.
Am J Sports Med. 2013;41:2896-903.

15. Mazzocca AD, Arciero RA, Bicos J. Evaluation and treatment of acromio-
clavicular joint injuries. Am J Sports Med. 2007,35:316-29.

16. Milewski MD, Tompkins M, Giugale JM, Carson EW, Miller MD, Diduch DR.
Complications related to anatomic reconstruction of the coracoclavicular
ligaments. Am J Sports Med. 2012;40:1628-34.

17. Millett PJ, Horan MP, Warth RJ. Two-year outcomes after primary anatomic
Coracoclavicular ligament reconstruction. Arthroscopy. 2015;31:1962-73.

18. Moatshe G, Kruckeberg BM, Chahla J, Godin JA, Cinque ME, Provencher
MT, et al. Acromioclavicular and Coracoclavicular ligament reconstruction
for acromioclavicular joint instability: a systematic review of clinical and
radiographic outcomes. Arthroscopy. 2018;34:1979-95.€8.

19. Nicholas SJ, Lee SJ, Mullaney MJ, Tyler TF, McHugh MP. Clinical outcomes
of coracoclavicular ligament reconstructions using tendon grafts. Am J
Sports Med. 2007;35:1912-7.

20. Pekala PA, Henry BM, Pekala JR, Skinningsrud B, Walocha JA, Bonczar M,
et al. Congenital absence of the palmaris longus muscle: a meta-analysis
comparing cadaveric and functional studies. J Plast Reconstr Aesthet
Surg. 2017;70:1715-24.

21. Rios CG, Arciero RA, Mazzocca AD. Anatomy of the clavicle and coracoid
process for reconstruction of the coracoclavicular ligaments. Am J Sports
Med. 2007;35:811-7.

22. Saccomanno MF, Fodale M, Capasso L, Cazzato G, Milano G. Recon-
struction of the coracoclavicular and acromioclavicular ligaments with
semitendinosus tendon graft: a pilot study. Joints. 2014;2:6-14.

23. Singh B, Mohanlal P, Bawale R. Early failure of coracoclavicular
ligament reconstruction using TightRope system. Acta Orthop Belg.
2016;82:119-23.

24. Soliman O, Koptan W, Zarad A. Under-coracoid-around-clavicle (UCAC)
loop in type Il distal clavicle fractures. Bone Joint J. 2013;95-b:983-7.

25. Turman KA, Miller CD, Miller MD. Clavicular fractures following coracocla-
vicular ligament reconstruction with tendon graft: a report of three cases.
J Bone Joint Surg Am. 2010;92:1526-32.

26. Virk MS, Mazzocca AD. Acromioclavicular joint dislocation: anatomic
Coracoclavicular ligament reconstruction (ACCR). Oper Tech Sports Med.
2014;22:227-33.

27. Walz L, Salzmann GM, Fabbro T, Eichhorn S, Imhoff AB. The anatomic
reconstruction of acromioclavicular joint dislocations using 2 TightRope
devices: a biomechanical study. Am J Sports Med. 2008;36:2398-406.

28. Yoo JC, Ahn JH, Yoon JR, Yang JH. Clinical results of single-tunnel cora-
coclavicular ligament reconstruction using autogenous semitendinosus
tendon. Am J Sports Med. 2010,38:950-7.

29. ZhuY, Hsueh P, Zeng B, ChaiY, Zhang C, ChenYY, et al. A prospective study
of coracoclavicular ligament reconstruction with autogenous peroneus
longus tendon for acromioclavicular joint dislocations. J Shoulder Elb
Surg. 2018;27:e178-€88.

30. Zooker CC, Parks BG, White KL, Hinton RY. TightRope versus fiber mesh
tape augmentation of acromioclavicular joint reconstruction: a biome-
chanical study. Am J Sports Med. 2010;38:1204-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Reconstruction of the coracoclavicular ligament with palmaris longus tendon and Mersilene tape for acromioclavicular dislocations
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design
	Surgical techniques
	Postoperative care
	Clinical assessment
	Radiologic assessment
	Statistical analyses

	Results
	Clinical outcomes
	Radiologic outcomes
	Complications

	Discussion
	Conclusion
	Acknowledgements
	References


