
Page 1/13

Evaluation of Modi�ed CC Stabilization Using LARS
Arti�cial Ligament in Unstable Distal Clavicle
Fracture
Yongchuan Li 

orthopaedic institution of PLA
Nan Lu 

orthopaedic institution of PLA
Di Shen 

orthopaedic institution of PLA
Fan Zhang 

orthopaedic institution of PLA
Jiajia Lu 

orthopaedic institution of PLA
Aimin Chen  (  aiminchen64@sina.com )

orthopaedic institution of PLA https://orcid.org/0000-0002-7387-8725

Research article

Keywords: Unstable distal clavicle fracture, Coracoclavicular stabilization, Arti�cial ligament

Posted Date: May 19th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-27532/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-27532/v1
mailto:aiminchen64@sina.com
https://orcid.org/0000-0002-7387-8725
https://doi.org/10.21203/rs.3.rs-27532/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Background: Unstable distal clavicle fracture is common, and there is no consensus regarding the gold
standard treatment. The purpose of this study was to report a new surgical technique for the treatment of
unstable distal clavicle fracture with modi�ed coracoclavicular (CC) stabilization using a ligament
augmentation and reconstruction system (LARS) arti�cial ligament, and to evaluate the clinical and
radiographic outcomes.

Patients and methods: We retrospectively reviewed 18 patients with acute unstable distal clavicle
fractures (type b) treated between January 2009 and June 2018 with modi�ed CC stabilization using
LARS arti�cial ligament. Indexes for evaluation included fracture healing, quality of reduction, and
presence of complications (e.g., infections, nerve injuries, iatrogenic clavicle or coracoid fracture, the
�xation loop failure, or loss of reduction). Shoulder function was evaluated using the Constant-Murley
score.

Results: Patients were assessed at a mean time of 31.8 months follow-up. All 18 patients experienced
radiographic union. Follow-up radiographs showed anatomical reduction in 15 patients and slight loss of
reduction in 3 patients. There were 2 cases of calci�cation of the CC ligament, 1 case of degenerative
change around the acromioclavicular (AC) joint, and 1 case of clavicular osteolysis around screws noted
during the follow-up. At the �nal follow-up,  Constant scores were 91.2 ± 6.9.

Conclusions: Treating unstable distal clavicle fractures (type b) with modi�ed CC stabilization using
LARS arti�cial ligament resulted in a high union rate, satisfactory fracture reduction, a low complication
rate, and excellent shoulder function. We consider this simple surgical technique that naturally restores
stability to the distal clavicle fracture is an e�cient method for treating the fracture.

Background
Clavicle fractures have been estimated to make up to 5 ~ 10% of all fractures, and distal clavicle fractures
account for approximately 20% of all clavicle fractures[1]. The most frequently used classi�cation for
these fractures is the Neer classi�cation, which is based on the location of the fracture line relative to the
coracoclavicular (CC) ligaments and acromioclavicular (AC) joint[2]. According to Neer classi�cation, Neer
type  and type  fractures are stable and can be successfully treated nonoperatively[3]. However, Neer
type  and fractures are displaced and unstable, and always need surgical treatment[3, 4].

A variety of surgical methods[2, 5–10] such as Kirschner (K)-wire �xation, anatomic locking plate, hook
plate �xation, tension band wiring, CC screw, CC sling, and arthroscopic TightRope, are currently used for
the treatment of Neer type  distal clavicle fractures. However, these methods result in high complication
rates, including implant failure, clavicle or coracoid fracture, non-union, and subacromial impingement.
[11–14] Moreover, to avoid implant related complications, second operations are usually needed to remove
the metallic implants. There is no consensus regarding the gold standard treatment for this fracture.
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Between 2009 and 2018, we treated acute unstable distal clavicle fractures (type b) by modi�ed CC
stabilization using ligament augmentation and reconstruction system (LARS) arti�cial ligament (Surgical
Implants and Devices, Arc-sur-Tille, France). The objective of the current study was to assess the clinical
and radiographic outcomes and complications following CC ligament reconstruction. We found evidence
that satisfactory clinical and radiographic results can be achieved with this method.

Patients And Methods
From January 2009 to June 2018, 21 patients with acute unstable distal clavicle fractures (type b) were
treated by CC ligament reconstruction with LARS arti�cial ligament at the Department of Orthopedics in
XXXX Hospital. The criteria for inclusion were as follows: (1) being aged at least 18 years and (2) having
a type b distal clavicle fracture according to Neer classi�cation. Exclusion criteria were other fracture
patterns, open fractures, old fractures (> 6 weeks after trauma), multiple injuries, fractures associated with
vascular or nerve injury requiring repair, suspected pathologic fractures, previous surgery performed in the
injured shoulder, or patients with failed conservative treatment.

On admission, a standard radiologic protocol, including x-rays, was conducted for all patients. The cases
were assessed by team leaders in one of �ve trauma teams. If the case was considered to be �t for CC
ligament reconstruction, the patient was transferred to the authors’ team. All of the included cases were
operated on by the authors. Surgery was performed within seven days (mean 3.2 days) of the traumatic
event in all cases.

Operative procedure

Under general anesthesia, the patient was placed in the beach-chair position on a radiolucent table. A 6-
cm vertical skin incision from the tip of the coracoid process to the clavicle (2 cm medial from AC joint)
was made. The deltoid �bers were separated to expose the fractured clavicle, the coracoid process, and
the ruptured CC ligaments. Avoiding injury of the musculocutaneous nerve, we made a subperiosteal
dissection at the medial side of the coracoid process[15]. Sutures were �rst placed into the ruptured CC
ligament and kept untied. A 3.5-mm hole was drilled 1 cm medial to the fracture in the superior-inferior
direction through the clavicle, and a second hole was then placed 2-2.5 cm medially. The LARS arti�cial
ligament was passed around the base of the coracoid process and through the holes in the clavicle using
a guiding device. After reducing the fracture manually, we fastened the ligament on the clavicle with two
titanium interference blunted thread screws. Once complete reduction was con�rmed visually and
�uoroscopically, the LARS arti�cial ligament was tied tightly for strengthening (Fig. 1, Fig. 2).

Postoperative care

Intravenous antibiotics consisting of a �rst-generation cephalosporin or alternative were administered
pre-operatively and for 24 hours post-operatively. We treated all patients with a similar post-operative
rehabilitation protocol, which emphasized early passive and active motion exercises. An arm-pouch sling
protected the affected shoulder for 4–6 weeks post-operatively. We encouraged patients to do isometric
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deltoid, biceps, and triceps strengthening exercises immediately on the �rst post-operative day. Passive
range of motion exercises, after the dressing change, were begun on the second or third day after surgery.
Three weeks later, the sling was taken out intermittently while active or active-assisted exercises of the
affected limb were allowed gradually. Patients continued with the above activities post-operatively until
radiographic evidence of fracture healing, and then patients began weight training and supervised
physical therapy. If the fracture union was deemed successful 12 weeks post-operatively, further
stretching and strengthening exercises were allowed.

Clinical and radiographic evaluation

The patients were followed up by an orthopedic surgeon who had not participated in the surgical
treatment. The radiographic examination consisted of Zanca radiographs for both AC joint and axillary
radiographs for the injured shoulder. Measures of fracture healing, quality of reduction, and the presence
of complications (e.g., infections, musculocutaneous nerve injuries, iatrogenic clavicle or coracoid
fracture, the �xation loop failure, or loss of reduction) were obtained during clinical and radiographic
examinations at 2, 6, 12, 26 and 52 weeks post-operatively. Shoulder function was evaluated using the
Constant-Murley score[16]. The visual analog scale (VAS) was also used to assess the patient’s pain at
rest.

Statistical analysis
Constant Scores and VAS were analyzed with Wilcoxon signed-rank tests. Statistical analysis was
performed using SPSS software (version 11.0; SPSS Inc., Chicago, IL). P < 0.05 was considered
statistically signi�cant.

Results
Three patients were lost at follow-up due to migration, death, or other reasons, so that 18 cases were
included in the �nal analysis of fracture healing, quality of reduction, complications, and functional
outcomes. There were 11 men and 7 women with a mean age of 46 years (range 23–61). All patients
were right hand dominant, and 12 of them sustained the injury on the dominant side.

All patients had an average follow-up time of 31.8 months (range 12–63), and operation and follow-up
data are summarized in Table 1. Patients stayed in the hospital for an average of 8.3 days (range 5–16).
Operative management took a mean total operation time (inclusive of anesthesia) of 78.0 minutes (range
55–104). All 18 patients experienced radiographic union. Follow-up radiographs revealed maintenance of
anatomical reduction in 15 patients (83.3%) and slight loss of reduction in 3 patients (16.7%). No
signi�cant horizontal displacement of the distal clavicle fracture was seen on the axillary view
radiographs in any patient. There were 2 cases of calci�cation of CC ligament, and 1 case of
degenerative change around the AC joint noted during the follow-up. There were no occurrences of
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super�cial infection, vascular or neurological complication, screws pull-out, iatrogenic clavicle or coracoid
fracture, or �xation loop failure. Complications during the follow-up are presented in Table 2.

Table 1
Operation and follow-up data

Characteristic Mean

Time from injury to surgery (day) 3.2

Operative time (min) 78

Hospital stay (day) 8.3

Follow-up time (month) 31.8

Union rate, n (%) 18 (100%)

Anatomical reduction rate, n (%) 15 (83.3%)

Slight loss of reduction rate, n (%) 3 (16.7)

Table 2
Complications observed at follow-up

Complications Number

Super�cial or deep infection 0

Nerve injury 0

Iatrogenic clavicle or coracoid fracture 0

Clavicular osteolysis around screws 1

Calci�cation of CC ligament 2

AC joint degeneration 1

Fixation loop failure 0

Loss of reduction 0

Clavicular osteolysis around screws was found in one patient, and we removed the screws promptly
(Fig. 3). The Constant scores rose from 63.8 ± 7.3 preoperatively to 91.2 ± 6.9 at the �nal evaluation
(P 0.05). Preoperative VAS scores were 4.7 ± 1.9, and the VAS scores at the last review were 0.6 ± 1.4
(P 0.05).

Discussion
There are several factors which increase the instability and complications associated with �xation in
unstable distal clavicle fractures. First, there is upward displacement of the medial fragment by the
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trapezius muscles due to ruptured CC ligament and downward displacement of the lateral fragment by
the weight of the arm. Second, the lateral fragment is usually small, comminuted, and consists of soft
cancellous bone, which may be not long enough to hold at least two bi-cortical screws[7, 12]. Third, the
fracture is located near the AC joint. Because of the particular anatomy and biomechanics of joints in
unstable distal clavicle fracture, non-operative treatment cannot reduce and �x the fracture site, which
often leads to high non-union or malunion rates[3, 4]. Thus, surgical treatment is widely accepted as the
necessary choice. Although many operative techniques including K-wire �xation, anatomic locking plate,
hook plate �xation, tension band wiring, CC screw, CC sling, and arthroscopic TightRope, have been used
alone or in combination to treat these unstable fractures[5–10], no “gold standard” exists. Most of these
techniques have disadvantages which can lead to speci�c complications, such as �xation failure, metal
breakage, migration, secondary clavicle or coracoid fracture, acromial erosion, impingement, or rotator
cuff injury.[8–11, 17] In a meta-analysis, Stegeman et al.[18] even recommended avoiding using hook plate
due to the high rate and severity of the complications. Moreover, second operations for implant removal
are usually needed.

Because the fracture mechanism of a Neer type b distal clavicle fracture is the same as in AC joint
dislocation (Rockwood classi�cation type-  or higher), it is important to perform CC ligament stabilization
and recent surgical approaches have focused on improving this method[17, 19–21]. Previous studies have
aimed to provide anatomic augmentation of the CC ligaments using open or arthroscopic approaches.
Although arthroscopic TightRope is an excellent procedure for CC reconstruction with minimal invasion, it
requires a high level of arthroscopic skill and can be complicated by coracoid and clavicle fracture[21].
The method reported here is based on our previous work[22],which has shown satisfactory clinical and
radiographic outcomes in the treatment of acute AC joint dislocation by reconstruction of CC with LARS
arti�cial ligament. Likewise, Yagnik GP et al.[23] described a new technique to treat distal clavicle fractures
using cortical button �xation with CC ligament reconstruction, although we note that this method involves
more complex devices and materials as well as more steps than the method reported here.

The LARS ligament is regarded as a new generation of arti�cial ligaments due to its unique design and
material. It is made of industrial-strength polyester �bers and has excellent biomechanics in terms of
resisting tension, �exion, and torsion load [24, 25]. Since native CC ligaments can withstand tensile forces
of up to 621 ± 209 N, the LARS arti�cial ligament has su�cient strength as a graft for CC reconstruction,
2,500 N or 3,600 N corresponding to 60 �bers or 80 �bers[26]. The high biocompatibility of the LARS
ligament has been demonstrated in vitro and in vivo, with the observation of complete cellular and
connective tissue growth into the arti�cial ligament after six months[27]. Thus, the stable joint
environment and the “scaffold” function of the LARS ligament can promote the healing process.

In this study, we reported a new surgical technique for the treatment of unstable distal clavicle fractures
(type b) with modi�ed CC stabilization using LARS arti�cial ligament, and we evaluated the clinical and
radiographic outcomes and complications. The aim of this technique was to restore a strong and stable
anatomical reduction and provide su�cient strength to hold the distal clavicle to the coracoid process,
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thereby promoting CC ligament and fracture healing. Results indicated successful fracture union in an
anatomic position, with relatively little soft tissue damage during the operation, which may lead to this
high rate of bony union. Follow-ups revealed anatomical reduction in 15 patients and slight loss of
reduction in 3 patients, with no loss of reduction cases at follow-up. This is the �rst report of this �xation
method for unstable distal clavicle in the English literature.

Our technique uses only one LARS arti�cial ligament and two interference screws, reducing the risk of
hardware irritation and the need for a second operation. There is no risk of coracoid fracture because
there is no drilling through the coracoid during the procedure. As mentioned above, the lateral fragment is
usually small and comminuted, so it is di�cult to obtain purchase. CC reconstruction using LARS
ligament around the coracoid indirectly reduces the medial fracture fragment and leads to a completed
CC ligament healing process, which solves the “lateral problem” perfectly.

Although Choi S et al. [17] reported high union rate and good functional outcome in the treatment of
unstable distal clavicle fracture with modi�ed tension band �xation and CC stabilization, their results
indicated the possibility of clavicle erosion or fracture. The risk of iatrogenic clavicle fracture also rises
while drilling two tunnels through the clavicle for the �xation of LARS arti�cial ligament in our technique.
The clavicle is weakened due to erosion of the clavicle cortex by the implants or a bigger drill hole in the
clavicle. In the current study, a reoperation was performed for one patient as a result of clavicular
osteolysis around screws, four months postoperatively. No iatrogenic clavicle fracture occurred. At the
�nal follow-up, the Constant scores were 91.2 ± 6.9, and VAS scores were 0.6 ± 1.4, respectively. All 18
patients had returned to their normal daily activities. Similar results were also reported by
Kanchanatawan W et al. [28], who treated distal clavicle fracture with a modi�ed CC stabilization
technique using a bidirectional CC loop system, and found that 100% of cases displayed clinical union
and good to excellent shoulder function. This excellent success rate suggests that modi�ed CC
stabilization techniques similar to ours can also provide good outcomes.

Despite satisfactory clinical and radiographic outcomes in the treatment of unstable distal clavicle
fractures, our study also has some limitations. First, the sample size was small and may bring a
statistical bias in the evaluation of the results. Second, a control group was not included to demonstrate
the advantages of this procedure over other �xation techniques or even non-operative treatment. Third,
the average follow-up was 31.8 months, which is a relatively short evaluation period, and thus some
complications such as posttraumatic arthritis or clavicle erosion would not have developed yet. Future
research to con�rm the bene�ts of this approach should include a larger sample size, control group, and
longer follow-up. We are con�dent our technique is worth further study because of its high union rate and
good functional outcome.

Conclusion
Modi�ed CC stabilization using LARS arti�cial ligament as a treatment for unstable distal clavicle
fractures (type b) resulted in a high union rate, satisfactory fracture reduction, a low complication rate,
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and excellent shoulder function. We suggest that this simple surgical technique, which naturally restores
stability to the distal clavicle fracture, is an e�cient method for treating the fracture.

Abbreviations
CC
coracoclavicular; LARS:ligament augmentation and reconstruction system; AC:acromioclavicular;
VAS:visual analog scale

Declarations
Ethics approval and consent to participate

This study was approved by our institution’s Committee for Research Ethics. Informed consent was
obtained from all individual participants included in the study.

Consent for publication

All subjects participating in this study received a thorough explanation of the risks and bene�ts of
inclusion and gave their oral and written informed consent to publish the data.

Availability of data and materials

The dataset supporting the conclusions of this article is available at our institution contacting the
corresponding author.

Competing interests

All authors declare that they have no con�ict of interests related to the publication of this manuscript, and
they have not received bene�ts or �nancial funds in support of this study.

Funding

This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-
for-pro�t sectors.

Authors’ contributions

Yongchuan Li and Aimin Chen designed the research; Yongchuan Li, Nan Lu and Di Shen searched the
databases; Yongchuan Li, Nan Lu, and Di Shen extracted the data; Yongchuan Li, Nan Lu, Di Shen, Fan
Zhang, and Jiajia Lu analyzed the data; Yongchuan Li, Nan Lu, Di Shen, Fan Zhang, Jiajia Lu, and Aimin
Chen wrote the paper. All authors read and approved the �nal manuscript.

Acknowledgements



Page 9/13

None.

References
1. Robinson CM. Fractures of the clavicle in the adult. Epidemiology and classi�cation. J Bone Joint

Surg Br. 1998;80(3):476–84.

2. Neer CS. Fractures of the distal third of the clavicle. Clin Orthop Relat Res. 1968;58:43–50.

3. Deafenbaugh MK, Dugdale TW, Staeheli JW, et al. Nonoperative treatment of Neer type II distal
clavicle fractures: a prospective study. Contemp Orthop. 1990;20(4):405–13.

4. Rokito AS, Zuckerman JD, Shaari JM, et al. A comparison of nonoperative and operative treatment of
type II distal clavicle fractures. Bull Hosp Jt Dis. 2002;61(1–2):32–9.

5. Kona J, Bosse MJ, Staeheli JW, et al. Type II distal clavicle fractures: a retrospective review of
surgical treatment. J Orthop Trauma. 1990;4(2):115–20.

�. Webber MC, Haines JF. The treatment of lateral clavicle fractures. Injury. 2000;31(3):175–9.

7. Anderson K. Evaluation and treatment of distal clavicle fractures. Clin Sports Med. 2003;22(2):319–
26. vii.

�. Flinkkilä T, Ristiniemi J, Lakovaara M, et al. Hook-plate �xation of unstable lateral clavicle fractures:
a report on 63 patients. Acta Orthop. 2006;77(4):644–9.

9. Banerjee R, Waterman B, Padalecki J, et al. Management of distal clavicle fractures. J Am Acad
Orthop Surg. 2011;19(7):392–401.

10. Oh JH, Kim SH, Lee JH, et al. Treatment of distal clavicle fracture: a systematic review of treatment
modalities in 425 fractures. Arch Orthop Trauma Surg. 2011;131(4):525–33.

11. Lyons FA, Rockwood CA. Migration of pins used in operations on the shoulder. J Bone Joint Surg Am.
1990;72(8):1262–7.

12. Flinkkilä T, Ristiniemi J, Hyvönen P, et al. Surgical treatment of unstable fractures of the distal
clavicle: a comparative study of Kirschner wire and clavicular hook plate �xation. Acta Orthop Scand.
2002;73(1):50–3.

13. Kashii M, Inui H, Yamamoto K. Surgical treatment of distal clavicle fractures using the clavicular
hook plate. Clin Orthop Relat Res. 2006;447:158–64.

14. Caro�no BC, Mazzocca AD. The anatomic coracoclavicular ligament reconstruction: surgical
technique and indications. J Shoulder Elbow Surg. 2010;19(2 Suppl):37–46.

15. Clavert P, Lutz JC, Wolfram-Gabel R, et al. Relationships of the musculocutaneous nerve and the
coracobrachialis during coracoid abutment procedure (Latarjet procedure). Surg Radiol Anat.
2009;31(1):49–53.

1�. Constant CR, Murley AH. A clinical method of functional assessment of the shoulder. Clin Orthop
Relat Res, 1987,(214):160–4.



Page 10/13

17. Choi S, Kim SR, Kang H, et al. Modi�ed tension band �xation and coracoclavicular stabilisation for
unstable distal clavicle fracture. Injury. 2015;46(2):259–64.

1�. Stegeman SA, Nacak H, Huvenaars KH, et al. Surgical treatment of Neer type-II fractures of the distal
clavicle: a meta-analysis. Acta Orthop. 2013;84(2):184–90.

19. Shin SJ, Roh KJ, Kim JO, et al. Treatment of unstable distal clavicle fractures using two suture
anchors and suture tension bands. Injury. 2009;40(12):1308–12.

20. Hohmann E, Hansen T, Tetsworth K. Treatment of Neer type II fractures of the lateral clavicle using
distal radius locking plates combined with TightRope augmentation of the coraco-clavicular
ligaments. Arch Orthop Trauma Surg. 2012;132(10):1415–21.

21. Spiegl UJ, Smith SD, Euler SA, et al. Biomechanical Consequences of Coracoclavicular
Reconstruction Techniques on Clavicle Strength. Am J Sports Med. 2014;42(7):1724–30.

22. Lu N, Zhu L, Ye T, et al. Evaluation of the coracoclavicular reconstruction using LARS arti�cial
ligament in acute acromioclavicular joint dislocation. Knee Surg Sports Traumatol Arthrosc.
2014;22(9):2223–7.

23. Yagnik GP, Porter DA, Jordan CJ. Distal Clavicle Fracture Repair Using Cortical Button Fixation With
Coracoclavicular Ligament Reconstruction. Arthrosc Tech. 2018;7(4):e411–5.

24. Nau T, Lavoie P, Duval N. A new generation of arti�cial ligaments in reconstruction of the anterior
cruciate ligament. Two-year follow-up of a randomised trial. J Bone Joint Surg Br. 2002;84(3):356–
60.

25. Viateau V, Manassero M, Anagnostou F, et al. Biological and biomechanical evaluation of the
ligament advanced reinforcement system (LARS AC) in a sheep model of anterior cruciate ligament
replacement: a 3-month and 12-month study. Arthroscopy. 2013;29(6):1079–88.

2�. Clevenger T, Vance RE, Bachus KN, et al. Biomechanical comparison of acromioclavicular joint
reconstructions using coracoclavicular tendon grafts with and without coracoacromial ligament
transfer. Arthroscopy. 2011;27(1):24–30.

27. Trieb K, Blahovec H, Brand G, et al. In vivo and in vitro cellular ingrowth into a new generation of
arti�cial ligaments. Eur Surg Res. 2004;36(3):148–51.

2�. Kanchanatawan W, Wongthongsalee P. Management of acute unstable distal clavicle fracture with a
modi�ed coracoclavicular stabilization technique using a bidirectional coracoclavicular loop system.
Eur J Orthop Surg Traumatol. 2016;26(2):139–43.

Figures



Page 11/13

Figure 1

Illustration of the surgical technique for CC reconstruction with LARS arti�cial ligament in unstable distal
clavicle fracture.
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Figure 2

Radiographs showing a satisfactory reduction for CC reconstruction with LARS arti�cial ligament.
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Figure 3

(A) A 60-year-old female who sustained an unstable distal clavicle fracture due to a fall. (B) Post-
operative radiographic views showed a reduction of fracture with LARS arti�cial ligament. (C) Clavicular
osteolysis around screws occurred in the 4th month postoperatively. (D) Post-operative radiographic view
showing the results of removing the interference screws in a timely manner, with no resulting clavicle
fracture.


