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Abstract. The present study aimed to assess a novel modified
keyhole fixation technique to treat long head of biceps (LHB)
rupture. From May 2015 to July 2017, a total of 9 patients with
LHB rupture, decreased muscle strength and pop-eye sign were
treated using the keyhole fixation technique combined with
extramedullary cortical bone microplate-suspending fixation.
Measurements of visual analog scale (VAS) score, elbow joint
rotation, flexion strength, the Shoulder Score of the University
of California Los Angeles (UCLA) and the Rating Scale of
American Shoulder Elbow Surgeons (ASES) score were used to
evaluate surgical outcomes prior to and following surgery. The
9 patients with LHB rupture included in the study were followed
up for one year post-surgery. The supination and flexion elbow
strength of all patients after 1 year was grade V and shoulder
pain was relieved. The VAS, UCLA shoulder and ASES scores
at one year post-surgery were significantly improved compared
with those prior to surgery. In conclusion, modified keyhole
fixation for LHB rupture features low difficulty of operation,
high safety and reliable fixation, and is therefore a promising
novel technique for the treatment of LHB rupture.

Introduction

The long head of the biceps (LHB) enters the shoulder joint at a
large angle and its lesion is a common cause of shoulder pain (1).
LHB lesions include tendinitis, tendon wear, superior labral tear
from anterior to posterior (SLAP) lesion and partial or complete
rupture (2). Isolated LHB lesions are rare and are frequently
accompanied by rotator cuff tear or acromial impingement (3).
Tendon fixation is a reliable and effective surgical procedure for
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the treatment of LHB lesions (4). A number of surgical methods
have been used in the treatment of LHB, including open, small
incision or complete arthroscopy surgery, with a variety of fixing
methods, including high or low tenodesis, bone tunnel fixation,
soft tissue fixation, keyhole fixation, as well as anchor or inter-
ference screw fixation (5). Siebenlist ef al (6) demonstrated a
novel fixation method to treat LHB involving suspension from
microplates on the inner surface of the cortical bone, close to the
humerus. This fixation technique has resulted in good short-term
biomechanical results; however, this relies solely on the fixation
on a single cortical bone. The tendon is in contact with a small
area of the cortical bone surface, and this may be detrimental to
tendon-bone healing. This technique also requires pulling of the
guide pin through the contralateral side to pull out soft tissue,
which may cause axillary nerve injury. In this light, the present
study provides improvements to the technique and counteracts
these problems associated with the original treatment. Combined
with keyhole technology, the intramedullary microplate was
transferred to the surface of the ipsilateral cortical bone, and this
treatment was used in 9 patients with LHB ruptures, pop-eye
sign and decreased muscle strength. Application of this method
resulted in beneficial short-term effects.

Patients and methods

Patient information. Between April 2015 and July 2017,
LH modified keyhole suspension fixation was performed on
9 patients with LHB rupture exhibiting pop-eye sign and
decreased flexion strength. The cohort included 8 males and
1 female aged between 43 and 65 years of age, and all were
physical laborers. In all patients, the affected limb was that
on the right side. A total of 6 patients complained of shoulder
pain after carrying heavy objects, which led them to visit the
hospital. A total of 3 patients had long-term shoulder pain and
discovered pop-eye sign at the right upper extremity without
any obvious cause. All patients were aware that they exhibited
a decline in elbow strength. The study inclusion criterion
was isolated LHB rupture without surgical contraindications,
while the exclusion criteria were surgical contraindications.
Each patient provided written informed consent. All of the
procedures performed in the present study complied with the
ethical requirements of the Affiliated Hospital of Nanjing
University of Chinese Medicine (Nanjing, China).
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Surgical technique. Surgery was performed under general
anesthesia. Each patient was placed in the beach chair position
and the affected limb was placed at an abduction of 20° and
elbow flexion of 90°, with forearm supination. The surgical
incision was made 2 cm lateral to the coracoid, was 5 cm long
and was inferior along the edge of the deltoid muscle. The skin
and subcutaneous tissue were subsequently cut to expose the
cephalic vein. The cephalic vein was pulled to the medial,
revealing the gap between the pectoralis major and the deltoid
muscle. The long head tendon sheath of the biceps entered the
cut to expose the broken LHB (sometimes, the ends of the LHB
were under the pectoralis major tendon after rupture). After
electrocoagulation of the anterior circumflex artery branch,
along the distal extension line of the intertubercular sulcus
and the upper edge of the pectoralis major tendon, a hole was
drilled in the proximal humerus cortical bone, perpendicular
to the medullary cavity, with a 4.0 mm drill, with the direction
slightly towards the cephalad. A second hole was drilled with
a 4.0 mm drill, 2 cm cranial to the first hole, with the direc-
tion slightly towards the caudal side. The broken end of the
tendon was trimmed and the bicep tendon was tightened at the
elbow flexion of 90°. Subsequently, the junction of the tendon
and abdomen was at level with the lower edge of the pecto-
ralis major tendon. The stump of the long head was removed
parallel to the proximal bone hole. Two No. 5 Ethibond wires
were used to knit the 2.5-cm tendon ends (Fig. 1A and B). The
curved hollow guide pin was inserted from the lower hole to
the upper hole, and the wire loop in the guide pin was extended
to insert the folded No. 2 Ethibond wire. The curved hollow
guide pin was removed, the blind end of the No. 2 Ethibond
wire was removed from the hole of the distal cortical bone
and the tendon-knitted wire was inserted into the distal blind
end of the No. 2 Ethibond wire. The two free ends near the
No. 2 Ethibond wire were pulled, the knitted wire was pulled
into the medullary cavity from the lower bone hole and subse-
quently pulled out from the upper bone hole. The long-headed
tendon was pulled into the medullary cavity from the distal
bone hole by pulling the knitted wire and it was removed from
the proximal end of the bone hole (Fig. 1C). The loop of the
endobutton was subsequently cut off and the two ends of the
two tendon-knitted wires were passed through the two holes at
the center of the endobutton. The elbow was bent at 90° and the
forearm was rotated. The corresponding suture was knotted on
the endobutton and the elbow joint was slightly stretched. The
endobutton was then suspended from the surface near the bone
hole and the LHB suspension fixation was complete (Fig. 1D).
Post-operative bleeding was prevented following incision
cleaning by suturing layer by layer. Antibiotics were routinely
used 30 min prior to and 24 h following surgery.

Post-operative treatment. The upper limbs were suspended at
90° for 6 weeks. Passive activity training began on the second
day following surgery. Active elbow flexion was prohibited
for 6 weeks and elbow weight training was prohibited for
12 weeks. Although passive activity training, including
passive elbow flexion and extension, began on the second day
following surgery.

Observation indexes and evaluation of therapeutic effect.
Follow-up of patients was completed at 12 months following
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surgery. The visual analogue scale (VAS) score (7), elbow
flexion strength (8), elbow joint supination muscle strength (9),
the University of California Los Angeles (UCLA) shoulder
score (10) and Rating Scale of American Shoulder Elbow
Surgeons (ASES) score (11) were determined to evaluate the
outcome of the surgery. These parameters were used to evaluate
the discrepancies between pre-operation and post-operation.

Statistical analysis. SPSS 19 software (IBM Corp.) was
used for statistical analysis. Values are expressed as the
mean + standard deviation. Comparison between two groups
(pre- and post-surgery) was performed using a student's t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Surgery. Representative intra-operative images and a
post-operative X-ray scanning image are presented in Fig. 2.
Intraoperative bleeding was ~30-50 ml. Gentle tissue separation
reduced bleeding, and accurate incision positioning ensured
moderate exposure of the LHB rupture end (Fig. 2A and B).
The operation time was ~40-70 min.

Complications. After the surgery, the patients were followed
up for one year. None of the 9 patients included in the present
study exhibited any complications including nerve injury,
infection and shoulder rigidity during or following the surgery.
No pop-eye signs were observed during follow-up.

Surgical outcome at I year. At one year post-surgery, the
VAS score, UCLA shoulder scores and ASES scores were
significantly increased compared with the pre-operative values
(Table I). All of the elbow flexion strength and elbow joint
supination muscle strength were restored to grade V at the last
follow-up. Active elbow flexion was allowed for 6 weeks after
operation and elbow weight training was allowed for 12 weeks
after operation. The upper limbs of all patients were fully
weight-bearing at 6 months after operation.

Discussion

LHB lesions are a common cause of shoulder pain (12).
LHB lesions are caused by an inflammatory reaction in or
around the tendon or shoulder and may be due to instability
or trauma (13). With developments in orthopedic science, the
treatment for LHB lesions has been modified and improved. In
1940, LHB was considered to be the major source of shoulder
pain, and due to this, tendon fixation was the first choice of
treatment (14,15). However, the current treatment options for
LHB, which is frequently associated with pain, remain contro-
versial. For refractory shoulder pain with secondary LHB
lesions, the optimal treatment is surgery (16). However, the
biggest drawback of LHB resection is that the tendon ends are
free, exhibit a defective appearance and elbow strength may
be reduced (17). Osbahr et al (18) suggested that tendon resec-
tion may be the cause of refractory and chronic biceps-derived
pain.

LHB has recently been recognized as one of the causes of
rotator cuff lesions and treatment using surgical LHB fixation
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Table I. Functional scores of patients with LHB rupture treated with the modified keyhole technique (n=9).

Pain Elbow flexion Strength of elbow
Evaluation (VAS scores) strength (grade) supination (grade) UCLA scores ASES scores
Pre-operation 7.22+1.20 4 4 24.78+2.78 73.22+3.63
Post-operation (1 year) 1.00+£0.71 5 5 31.89+2.26 90.02+6.12
t-value 4.46 2215 2.356
P-value <0.01 <0.01 <0.01 <0.05 <0.05

LHB, long head of biceps; UCLA, Shoulder Score of the University of California Los Angeles; ASES, Rating Scale of American Shoulder

Elbow Surgeons.

Figure 1. Schematic diagram of the surgical procedure. (A) Knit LHB end,
(B) drilling of two holes above the pectoralis major tendon, (C) pull out LHB
from the upper hole and (D) endobutton suspension and LHB fixation. LHB,
long head of biceps.

has significantly expanded (19). Surgical indications of LHB
fixation are tendon tear (>50%), medial dislocation of the
tendon and tearing of the subscapularis muscle combined with
dislocation of LHB (20). Crenshaw and Kilgore (21) suggested
that bicep-derived pain persisting for >5 months combined
with limited activity indicates the requirement for surgical
treatment.

LHB fixation may be performed using arthroscopy, via
an open approach and via a combination of these methods.
Numerous techniques for fixation have been demonstrated
and four common types of surgical method exist for the
treatment of LHB lesions: Bone tunnel, soft tissue tendon
fixation, keyhole technique and anchor or interference screw
fixation (5).

Soft tissue fixation and the keyhole technique are
performed in an open surgery, whereas anchor and interfer-
ence screw fixation are performed under arthroscopy. Amongst
all surgical goals, the fixed strength is most important. The
ideal fixation allows for active and passive activities of the

Figure 2. Case of a male patient (age, 65 years) with LHB rupture on the right
side. (A) Knit LHB end during surgery (black arrow). (B) Reconstruction of
the LHB on the extramedullary plate (black arrow). (C) Following surgery,
the X-ray film reveals satisfactory internal fixation position (black arrow)
and the lower hole (red arrow) is visible under the steel plate. LHB, long head
of biceps.

shoulder joint in its full range, which is important for elderly
patients and athletes due to the fact that a short shoulder joint
fixation time may lead to adhesion of the shoulder joint and
a decrease in muscle strength (22). The fixation strength of
the interference screw technique is greater compared with that
of the anchor, bone tunnel and keyhole techniques (5,23,24).
A cadaveric study by Buchholz et al (25) indicated that the
use of intramedullary cortical bone plate to fix LHB exhibited
no significant difference in static loading compared with the
interference screw technique, but a decreased failure rate was
observed in cyclic loading. Therefore, the intramedullary
cortical plate has the best outcome in the treatment of LHB
injuries.

Buchholz et al (25) also demonstrated that the intramed-
ullary plate fixation technique by Siebenlist er al (6) uses
a single-layer cortical bone suspension fixation, places the
plate into the medullary canal and suspends the tendon in
the extramedullary space. The compressive stress between
the plate and the intracavitary surface of the cortical marrow
leads to dissolving and absorption of cancellous bone oste-
olysis between the plate and the cortical bone surface of
the medullary cavity, thereby resulting in fixation failure.
Therefore, this single-cortical suspension in the medullary
cavity is not reliable and the contralateral cortex requires
to be perforated to pull the tendon, which may result in
axillary nerve injury. Based on these effects, the keyhole
technology was used in the present study for the treatment
of LHB ruptures. Compared with the intramedullary fixa-
tion technique, two holes were drilled on the same side of
the LHB and the endobutton was suspended outside the
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proximal cortical bone holes. In this technique, the osteolysis
phenomenon may be reduced compared with the intramedul-
lary suspension and the risk of axillary nerve injury may be
avoided. In addition, the tendon was in contact with ~2 cm
of the surface cortical bone in the medullary cavity, which
benefits tendon-bone healing. Compared with the traditional
keyhole technique, the fixed strength of this technology is
more reliable. However, in patients with LHB injury and
rotator cuff tears, arthroscopic LHB was used with anchor
fixation or tenotomy surgery.

Spatially, the LHB rupture surgery may be roughly
divided into the rotator cuff interval, as well as the
intra-articular and upper and lower edges of the pectoralis
major tendon according to the fixed position. Fixation of
LHB at the rotator cuff interval is frequently used when
repairing the rotator cuff under arthroscopy. Intra-articular
fixation of LHB may be performed using complete arthros-
copy surgery and the fixation position may be at the humeral
head cartilage margin, around the rotator cuff and at the apex
of the intertubercular sulcus (26). Intra-articular fixation of
LHB maximizes the original muscle tension of the biceps
muscle and eliminates spasmodic pain and pop-eye sign.
However, post-operative intractable pain has been previously
reported following the proximal fixation of LHB, which was
caused by extra-articular LHB tears and tenosynovitis in the
intertubercular sulcus (27). A variety of scholars suggested
that the ‘hidden injury’ located in the intertubercular sulcus
is frequently missed under arthroscopy (28). Therefore, LHB
is fixed at a low position to prevent pain in the extra-articular
and intertubercular sulcus and to eliminate the cause of
post-operative persistent pain.

For simple SLAP injuries, intra-articular fixation of
LHB is a useful alternative surgical treatment (5). However,
for other LHB tendon disorders, including LHB ruptures in
the intertubercular sulcus, which occurs in the majority of
cases due to the friction experienced by the intertubercular
sulcus, fixation in the intertubercular sulcus or upper edge of
the pectoralis major tendon is more effective (28). For most
patients with LHB rupture, the tendon rupture occurs in the
intertubercular sulcus, and the preferred method of repair at
our institution is fixation under the intertubercular sulcus and
upper the pectoralis major tendon (5). The advantages of the
technique presented in the present study are that the tendon
injury derived from the intertubercular sulcus, which are often
ignored by surgeons, may be eliminated and adequate biceps
muscular tension is maintained.

Based on the strict selection criterion that the patients had
isolated LHB rupture, the present study examined a limited
number of cases with a relatively short follow-up period.
Therefore, it was not possible to include a control group. The
reasons for the lack of post-operative complications observed
were the limited number of patients and simple operation
technique. For the cases of isolated LHB rupture, a modi-
fied keyhole surgical technique was used and combined with
microplate suspension to treat the LHB tendon. This treatment
has the advantages of low difficulty in operation, high safety
and a resultant reliable fixation.

The results of the present study demonstrated that with
keyhole technology, the intramedullary microplate is a reliable
fixation treatment for LHB rupture.
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