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ABSTRACT

Aim To report clinical, functional and radiographic results of one-
incision distal biceps tendon repair with Toggle Loc (Zimmer-Bi-
omet, Warsaw, Indiana, USA) at an average 4-year follow-up and
to assess posterior interosseous nerve injury complications after
reconstruction.

Methods We conducted a retrospective review of 58 consecutive
distal biceps tendon repairs performed at our department between
2010 and 2018. Disabilities of Arm, Shoulder and Hand (DASH)
score, Visual Analogue Scale (VAS) scale and elbow range of
motion (ROM) were recorded at each follow-up and an ultraso-
und examination was also performed to assess the repaired biceps
brachii tendon.

Results Clinical evaluation showed good and excellent results at
medium- and long-term follow-up. A temporary posterior intero-
sseous nerve (PIN) palsy developed in four (6.81%) patients and
always resolved in 8 weeks. PIN palsy prevalence is in accordance
with the results of the previous studies.

Conclusion Distal biceps tendon repair with Toggle Loc is an
effective surgical procedure. PIN injury is a relatively rare compli-
cation after one-incision anterior repair. Our complication rate did
not differ significantly from other studies that have used cortical
button fixation, reported in current literature. Our results confirm
that accidental injury of PIN may also happen to experienced sur-
geons and suggest extreme care and an appropriate surgical tech-
nique to reduce this iatrogenic risk.
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INTRODUCTION

Rupture of distal biceps tendon is a relatively rare
injury with an incidence of 1.2 per 100,000 pati-
ents per year; injuries are most commonly seen in
the dominant elbow of males (86%) with an ave-
rage age of 47 years. Smoke, steroids and statins
are associated to an increased risk of lesion (1,2).

Non-operative treatment leads to a functional
loss of supination and flexion strength and en-
durance; this is reserved for older and sedentary
patients with elevated surgical risks (3.4).

There are multiple options regarding the surgical
technique of biceps tendon repair (one or two-
incision techniques) and fixation devices (suture
anchors, interference screws, cortical buttons,
bone tunnels) (5,6). Complications accompany
both approaches and involve a spectrum of ner-
ve injuries, as well as heterotopic ossification,
radioulnar synostosis, loss of forearm rotation
and wound infection (7,8). Fixation with cortical
button provided the highest load to failure (584
N) compared to suture anchors (253 N) and bone
tunnels (173 N) (9).

Injury to the radial nerve is well-known and frequ-
ently described publication after distal biceps ten-
don repair (7,8). Historically, repair of the distal
biceps tendon was complicated by injury to the
posterior interosseous nerve (PIN) in 10% to 15%
of patients. More recent literature has suggested
that injury to the PIN has decreased to less than
10%, with rates as low as 1% (10).

The aim of the present study was to report clini-
cal, functional and radiographic results of distal
biceps tendon repair with Toggle Loc (Zimmer-
Biomet, Warsaw, Indiana, USA) at 4-year mean
follow-up, PIN injury complications and to eva-
luate the current literature to better quantify this
complication in a larger population of patients.
Such data could be potentially useful in preven-
ting these lesions.

PATIENTS AND METHODS

Patients and study design

We performed a retrospective analysis of 58 con-
secutive patients who underwent a surgical repair
of the distal biceps tendon due to a traumatic (i.e.
non spontaneous) tendon rupture at the Depar-
tment of Orthopaedics and Traumatology of the

San Camillo-Forlanini Hospital (Rome) between
January 2010 and December 2018.

The diagnosis was based on clinical history and
patient physical examination. X-ray and ultraso-
und examination of the affected elbow were obta-
ined before surgery. A Magnetic Resonance Ima-
ging study (MRI) was done in 35 out of 58 (60%)
patients. An ultrasound examination was perfor-
med after the surgical procedure in each patient.

The injury mechanism was recorded: the most
common mechanism was a forceful eccentric exten-
sion of a flexed elbow as in lifting heavy objects.

Surgical procedures were all performed with
Toggle Loc repair (Zimmer-Biomet, Warsaw,
Indiana, USA) by the senior and experienced
elbow surgeon. Distal biceps tendon repair was
always performed within 10 days from the injury.
Patients with previous surgical procedures on the
affected elbow, systemic disease (diabetes, rheu-
matoid arthritis) and previous local corticosteroid
injections were excluded from this study. Con-
trols were performed at 6 and 12 months for the
first year, and then yearly. Evaluation consisted
of patient’s physical examination with an asse-
ssment of elbow range of motion (ROM), pain,
quantified using the Visual Analogue Scale (VAS)
(0 indicating absence of pain and 10 maximum
pain); standard radiographs in antero-posterior
(AP) and lateral (LL) views; Disabilities of Arm,
Shoulder and Hand (DASH score) questionnaires
were also obtained, with 0 reflecting no disability
and 100 reflecting major disability.

Ultrasound records were performed at the final
follow-up.

According to the current law of our country, no
ethical review board was required due to the
retrospective nature of the study and it was con-
ducted in accordance with the principles of the
Declaration of Helsinki and its amendments. We
fully informed all the patients about the charac-
teristics of the study and they gave their consents.

Methods

Surgical technique. The surgical procedure con-
sisted in a single anterior incision 1 cm distal to the
elbow skin crease extended longitudinally for 3-4
cm, in correspondence with the radial tuberosity.
The retracted distal biceps tendon was identified
and secured with a # 2 Orthocord (DePuy-Mitek,
Raynham, MA, USA), placed in a whip stitch
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fashion. The dissection was carried down toward
the radial tuberosity between the brachioradialis
laterally and the pronator-teres muscles medially.
During this exposure the lateral antebrachial cuta-
neous nerve and the deeper recurrent branches
of the radial artery were identified and protected.
With the elbow in full extension and supination
the radial bicipital tuberosity was exposed. With
the forearm in a maximally supinated position, a
guide wire was inserted through the bicipital tube-
rosity in an anterior to posterior direction, aiming
just slightly distal and ulnarly. Straight-cannulated
drill bits were then advanced over the guide wire:
a 4,5 mm for the far, posterior cortex and usually 8
mm, based on the size of the tendon, for the anteri-
or cortex. A Biomet Toggle Loc (Zimmer-Biomet,
Warsaw, Indiana, USA) was secured to the distal
biceps; the cortical button was pulled through the
radius using a pin to pass the suture and engaged
to the opposite radial cortex. The biceps tendon
was then mobilized and brought into the prepared
drill hole on the radial tuberosity by shortening the
Zip loop. The fixation was tested and intraopera-
tive fluoroscopy was used to confirm the correct
position of cortical button. The passing suture was
removed.

Rehabilitation protocol. The arm was immo-
bilized at 90° flexion with a sling for 2 weeks;
passive movements were started immediately po-
stoperatively with restricted extension that was
sequentially increased with a full extension at
6 weeks. Active ROM was allowed at 6 weeks
and gradual loading was applied to the arm until
the fifth month from surgery. Patients performing
sports, returned to full athletic activity 10 months
postoperatively.

Statistical analysis

Continuous variables were compared using the
Student t-test. Results were analysed and the
study groups were compared with each other.
Continuous variable was described using the
mean+SD. The level of significance was set
at p=0.05.

RESULTS

In the considered study period, 69 potentially
eligible patients who underwent an acute surgi-
cal repair of the distal biceps tendon lesion were
found. Eleven patients were excluded from the

study: three because of an age <18 years, seven
did not give their informed consent to the study
and one was lost to follow up, leaving 58 patients
eligible for the present study.

The mean age at the time of injury was 39 (range
18-55) years. The surgical repair was performed,
on average, at 5 days from the trauma. The mean
follow-up was 49 months.

At clinical examination none of the patients lost
more than 5° in the flexion-extension or prona-
tion-supination arc respect to the non-operated
limb; five patients had a slight loss of extension
(4°), pronation (3°) and supination (5°) respect
to the non-operated limb; at clinical examinati-
on ROM measurements were comparable in the
operated limbs in all patients (p>0.05).

The 6-month follow up mean DASH score was
21.5 (£10.6) with 75% of excellent results and
25% of good results; at 12-month follow up 18.0
(#9.9) with 78% of excellent results and 22%
of good results; at the final follow up it was 16
(x10.3) with 80% of excellent results and 20% of
good results. The statistical analysis showed no
statistical difference (p>0.05) between the clinical
scores at 6, 12 months and the final follow up. The
mean VAS score was 2.1(£2) at 6-month follow
up, 1.8 (£1.2) at 12-month follow up; 1.6 (+0.9)
at the final follow up; no statistically significant
differences were found between the VAS score re-
sults at each follow-up (p>0.05) (Table 1).

Table 1. Mean DASH and VAS clinical scores

Variable 6-month 12-month Last
(mean+SD) follow-up follow-up  follow-up

DASH 21.5 (£10.6) 18 (£9.9) 16(£10.3) >0.05
VAS 2.1 (+2) 1.8 (x1.2) 1.6(x0.9) >0.05

DASH, Disabilities of the Arm, Shoulder and Hand; VAS, Visual
Analogical Scale

Ultrasound and radiological examination did not
reveal patients of biceps tendon re-rupture or
signs of heterotopic ossification or synostosis.
No postoperative wound problems or infectious
complications were observed. One patient re-
ported mild pain during maximal biceps brachii
contraction and three patients described sensory
problems like paraesthesia long the surgical in-
cision. One patient reported complaints (tender-
ness) in the soft tissue of the surgical site. The
most frequent complication was a transient palsy
of the posterior interosseous nerve: four patients
presented during their postoperative visit with
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inability to extend the wrist, thumb and fingers
and were placed in a dynamic digital extension
splint, starting early active flexion hand exerci-
ses. At 4 weeks postoperatively, the patients had
a slight improvement of extensor functions and
at 8 weeks they regained PIN function (Table 2).

Table 2. Postoperative complications

Complication N (%) of patients
Sensory disturbances 1(1.7)
Flexion tenderness 1(1.7)
Transient posterior interosseous nerve palsy 4(6.9)

DISCUSSION

Injury to the radial nerve is a well-known and frequ-
ently described complication after distal biceps ten-
don repair. The original incision technique of repair
described by Dobbie resulted in a high rate of radi-
al nerve injury (11). Two incision techniques were
later developed by Boyd and Anderson in order to
decrease the high rate of nerve injury; however,
this repair technique required two large incisions
and was complicated by heterotopic ossification
and/or radioulnar synostosis (12). The introduction
of suture anchors, cortical buttons, including Endo-
button and interference screws, allowed repair of
the distal biceps through a smaller single anterior
incision but also seemed to carry an increased risk
of injury to the superficial radial nerve, the lateral
antebrachial cutaneous nerve and the posterior in-
terosseous nerve (13-15). Therefore, injury to the
PIN can occur both with one- incision and two-in-
cision approach techniques. In a systematic review,
Amin et al. (16) reported a complication rate of
PIN palsy of 2.7% (13/785) in the single incision
procedure versus 0.2% (1/498) in the double inci-
sion procedure: this finding was most likely related
to the need for more extensive anterior dissection
to obtain an anatomic repair.

In a retrospective cohort study of distal biceps
tendon repair, Dunphy et al. (17) reported that
single incision repair undergoes lower rates of re-
operation, PIN palsy and heterotopic ossification
(HO), but a significantly higher rates of transient
sensory nerve palsy compared to the double in-
cision technique. The overall rate of PIN palsy
reported by this study was 1.3%. This value was
lower than that previously reported by other stu-
dies (17-22) ranging from 2% to 14.8%.

Indeed, several studies reported no cases of PIN
palsy when a single anterior surgical approach

with cortical button repair was used (9, 22-26)
although one retrospective study (27) on 280 pa-
tients found an incidence of transient PIN palsy
of 3.2% (nine patients) when suture anchors (3
cases) and cortical button (6 cases) were used as
a fixation technique in a single surgical approach
technique. In a recent systematic review of the
literature regarding fixation methods and compli-
cations Chavan et al. (28) found that end button
repairs exhibited the best performance in com-
parative biomechanical studies and reported that
both transient and permanent nerve palsies were
the most common complication in a single in-
cision group in 13%. Di Raimo et al. (29) was
the first to investigate the use of Toggle Loc Zip
Loop and reported only one transient superficial
sensory radial nerve palsy on a series of 4 pati-
ents. Kodde et al. (30) reported a dysfunction of
PIN in 2 patients of 22 (9%), which was transient
in both patients; in this study Toggle Loc fixation
was used in 14 elbows: guide wire was drilled
aiming just slightly distal and ulnarly.

These studies show that PIN palsy is a relatively
rare but serious complication after biceps repair
using cortical button fixation and may occur du-
ring dissection along the proximal radius, drill bit
placement or entrapment under a cortical button
(31,32). The drill bit trajectory across the radi-
us can be influenced by the skin incision used
to expose the biceps tuberosity of the radius; a
longitudinal incision placed over the biceps tube-
rosity of the radius results in the drill passing the
radius perpendicular to its longitudinal axis with
an exit dorsal to the biceps tuberosity of the radi-
us. Two studies on fresh frozen cadavers showed
that the mean distance of the button from the PIN
was 9.3 mm (9) and 11.6 mm (33).

Bain et al. (23) found that drilling anterior to po-
sterior is safer than drilling radially: the distance
from the tip of the Steinman pin advanced thro-
ugh the bicipital tuberosity where it exited the
posterior cortex ranged from 10 to 18 mm with
0 angulation and from 0 to 13 mm with 45° po-
sterolateral angulation. Lo et al. (34) observed an
average distance of 11.2 mm from the PIN in the
anterior to posterior trajectory from the radial tu-
berosity, compared with 4.2 mm in the radial tra-
jectory; aiming the guide pin 30° ulnarly resulted
in the greatest distance from the PIN (16.7 mm),
but such an ulnar angulation risks an impinge-
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ment of the cortical button on the ulna in supi-
nation. A distal drill trajectory across the radius
resulted in the greatest risk of iatrogenic injury
of the PIN (2.0 mm average distance between the
drill bit and the PIN).

Such data were confirmed by two further studies
(31,35), reporting that drilling 30° ulnarly with
the forearm in maximum supination results in the
greatest distance from the PIN, compared with
drilling anterior to posterior, with no decrease in
the bony tunnel length available for implants.

A recent study of Becker (36) showed that the
PIN travels from an anterior position on the ra-
dius when measuring 1 cm proximal on the bici-
pital tuberosity to a lateral position on the radius
at the level of the bicipital tuberosity prominence
on the contralateral cortex to a slightly more po-
sterior position on the radius 1 cm distal to the
bicipital tuberosity; typically the PIN sits directly
opposite the biceps tuberosity on the cortex of the
radius in full supination and, therefore, perpendi-
cular drilling starting at the bicipital tuberosity
should be avoided for the risk of iatrogenic PIN
injury; a more proximal and ulnar drilling angle
is recommended; defining a safe zone for an ante-
rior approach seems to be clinically unhelpful for
the high anatomical variability that exists for the
position of the PIN around the proximal radius.

In the current study we inserted a guide wire
through the bicipital tuberosity in an anterior to
posterior direction, aiming just slightly distally
and ulnarly: this distal drilling could potenti-
ally explain our cases of PIN neuroapraxia. Our
experience confirms that accidental lesion of the
PIN may also happen to experienced surgeons;
therefore, we advise extreme care and suggest an
appropriate surgical technique to reduce the risk
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