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Approximately 30% of all upper extremity fractures 
are elbow fractures which may result elbow stiffness. 
This study aimed to investigate the efficacy of 
onaBotulinum Toxin type A injection to prevent 
post-traumatic pain and elbow-stiffness. All patients 
were included who presented to a single surgeon 
with supracondylar/ intraarticular distal humerus 
fractures, proximal ulna and radius fractures. 
The study was developed in a randomized placebo 
controlled study between 2003-2007. The Disabilities 
of the Arm, Shoulder, and Hand (DASH) score as 
well as the arc-of-motion (AOM) were assessed after 
three, six, twelve-months and final follow up for 
evaluation. Of the 31-patients included, 15-patients 
(48.4%) received Botox injections. In all patients no 
complication was observed when injecting a dosage 
100-units for the brachialis and biceps brachii 
muscles. Furthermore, it was an effective method to 
prevent post-traumatic elbow stiffness, lasting six-
months. Significant differences in DASH, VAS-score 
and ROM after three-months between the Botox 
and control group (DASH 21.6±11.0 vs. 55.3±11.0 ; 
VAS 1.2±5.2 vs. 5.7±21.9 ; ROM 103±7.6 vs. 73±6.3 ; 
p>0.05) were identified in the prospective group. 
Botulinum toxin is a safe, reliable and effective 
treatment to prevent post-traumatic elbow stiffness. 

Our study demonstrates improved early range-of-
motion (p<0.05), better extension after 6 weeks and 
improved functional outcome including VAS and 
DASH score (p<0.05).

Keywords : Elbow ; trauma ; stiffness ; Botulinum 
toxin ; Monteggia fracture ; fracture.

INTRODUCTION

Approximately 30% of all fractures in the upper 
extremity can be attributed to elbow fractures. 
One of the major complications is stiffness of 
the elbow, which can occur even after elbow 
dislocation leading to significant patient disability. 
(1-3) Biomechanical studies have shown that the 
functional arc of motion for flexion/ extension is 
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130˚-30˚-0˚ and for pronation/ supination 50˚-0˚-
50˚ in order to accomplish activities of daily living 
(ADL) (4). Even though most patients have higher 
functional demands, those who suffered from severe 
elbow trauma may not recover fully (5-9).

Causes of post traumatic elbow stiffness can be 
classified as intrinsic or extrinsic, which includes any 
intra-articular incongruity that acts as a mechanical 
block to motion. Extra-articular causes of stiffness 
include soft tissue contractures and formation of 
heterotopic ossification (1). 

Although well skilled, specialized orthopaedic 
surgeons can minimize the intrinsic stiffness by 
proper reduction and fixation, extrinsic stiffness 
is more challenging to manage. After trauma, 
improvement in motion relates to effective pain 
treatment. Therefore, this may cause involuntary 
guarding leading to contractions of both flexor 
and extensor groups (10). Over time, this lack of 
mobility results in capsular contraction and long-
term stiffness (11).

Once elbow stiffness is present, it is challenging 
to treat. Treatment options vary from noninvasive 
procedures like stretching out over time, manipulation 
under anesthesia (3), to surgical interventions like 
capsular release, which show limited success and 
can be fraught with complications (12,13,14). 

In orthopaedic surgery, onaBotulinum Toxin 
type A is used in variety of diseases such as lateral 
epicondylitis, tendon repairs in the hand, Torticollis, 
and contractures after total knee and hip arthroplasty 
(15,16,17,18,19). onaBotulinum toxin type A (Botox®) 
is an exotoxin produced by Clostridium botulinum 
which is reported as safe causing reversible localized 
muscle paralysis (17). 

Our aim is to develop an effective technique to 
prevent elbow stiffness using onaBotulinum Toxin 
type A. We hypothesize that the use of onaBotulinum 
toxin type A injections (onaBoNT-A) to weaken the 
flexors of the elbow temporarily, breaks the cycle 
of pain, co-contraction, and muscular guarding that 
ultimately leads to immobility and joint contracture. 
Therefore, it should increase arc of motion, resulting 
in decreased long-term disability as measured by 
standardized patient based functional outcome 
measures.

MATERIALS AND METHODS

We developed a prospective, randomized con-
trolled trial between 2003 and 2007 to show the 
safety of the use of onabotulinum toxin type A 
(onaBoNT-A) and the effectiveness. 

For this study, approval was obtained from 
the hospital’s institutional review board and in-
formed consent was acquired from all subjects 
prior to surgery (ClinicalTrials.gov Identifier : 
NCT01129583).

The prospective controlled randomized trial is 
portrayed schematically in Figure 1 based on the 
CONSORT guidelines (20). All surgeries where 
onaBotulinum Toxin type A was applied were 
either supracondylar/ intraarticular distal humerus 
fractures (e.g. intercondylar fractures), proximal 
ulna and radius fractures (e.g. Monteggia fractures) 
and treated by a single surgeon (senior author). 

Technique of onaBoNT-A injection

For the onaBotulinum toxin type A injection 
technique, the anterior arm was re-prepped and 
draped after fixation of the fracture, closure of 
the skin and removal of the sterile tourniquet, 
(see Appendix A for specific techniques). The 
muscle bellies were palpated while being stretched 
passively and the needle was inserted through the 
fascia into the muscle. 100 U of onaBotulinum 
toxin type A (human serum albumin and sodium 
chloride in a sterile, vacuum-dried form without 
preservatives) was injected with a 23-gauge needle 
into each the musculotendonous endplate of the 
2 heads of the biceps and the brachialis muscle 
bellies. This was reconstituted with 2cc of 0.9% 
sterile normal saline without preservatives. To 
avoid injury to the musculocutaneous nerve and the 
medial neurovascular structures, biceps injections 
were made more than 13cm distal to the coracoid 
process and brachialis injections more than 17cm 
distal to the coracoid process in the midline (21).) 
Control patients received similar injections of 2cc 
of sterile normal saline into each muscle bellies. All 
injections were performed by the senior author.
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Postoperative protocol

All patients underwent the same postoperative 
protocol. A posterior splint was applied with 
the elbow in 30° of flexion. Post-operatively, a 
standardized pain control protocol was applied for 
each patient. In patients where only bony recon-
struction occurred, the arm was placed in a sling and 
swathe for comfort. In patients that had undergone 
ligamentous repair for elbow stability, a hinged 
orthotic brace was applied to protect the soft tissue 
as it healed. 

Seven to ten days after surgery, the patients began 
physical therapy. Patients performed active range of 
motion (AROM) of the elbow several times daily. 
Rehabilitation visits were scheduled 2 to 3 times 
per week. For the next two weeks, AROM exercises 
progressed and light resistive exercises were 
initiated for the forearm, wrist and hand. Patients 
with a brace were allowed to remove the brace at 
home for short periods of time but remained in the 
brace during sleep and travel.

3.5 weeks postoperatively, the patients began 
strengthening exercises for elbow extension and 
flexion, beginning with very light weights (one-half 
to one pound), and in the gravity eliminated position. 
Gradually, while respecting patient tolerance, these 

resistive exercises progressed to heavier weights 
and/ or theraband in the against gravity position. 
Progression and improvement depended on a 
variety of factors including, pain tolerance, patient 
motivation, the severity of the original trauma and 
associated injuries, i.e. ulnar nerve involvement.

At six weeks following surgery, patients began 
strengthening exercises. Functional activities and 
resistive exercises progressed until the patients 
obtained their maximum rehabilitation potential. 
Physical therapy continued for at least six months 
following the procedure.

For the randomized control trial, the inclusion/ 
exclusion criteria were identical (see Table 1). The 
randomization process was performed by computer-
generated allocation with use of sealed, opaque, 
numbered envelopes containing the treatment 
assignment. Following randomization, operative 
technique was the same for all patients based on 
their fracture type. A syringe containing 4cc of clear 
fluid was prepared by a research clinician outside of 
the operating room at the conclusion of the surgery. 
The prepared syringe was given to the senior 
surgeon for the injection. Patients randomized to 
the onaBoNT-A group received a total of 200 U of 
onaBotulinum toxin type A reconstituted in a clear 
solution whereas those in the control group received 

 

Figure 1: Trial Flowsheet of the Randomized Control Trial 
Figure 1. — Trial Flowsheet of the Randomized Control Trial
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to compare continuous outcomes, including DASH 
score, Broberg-Morrey score, and arc of motion. An 
independent two-sided t-test was used to compare 
differences between groups, with significance set at 
p < 0.05. 

RESULTS

Randomized Control Trial

Fifty-nine patients with operative elbow fractures 
were screened and included in the randomized 
Placebo controlled trial. In total, 18 (31%) patients 
were enrolled over a period of 49 months between 
May 2003 and September 2007, of which 9 patients 
were treated with 100 U of onaBoNT-A into each 
the biceps brachii and the brachialis muscles, and 
9 patients were treated with saline injections. There 
were 7 females and 11 males, with an average age 
of 45 years (range 23-86) for the control group and 
52 years (range 41-76) for the onaBoNT-A group. 
The dominant arm was involved in 55.6% in the 
control patients and 44.4% in the onaBoNT-A 
patients. Surgery was performed 7.6 days on 
average after injury (range 2 to 19 days) for the 
onaBoNT-A group and 8.6 days after injury (range 
2 to 26 days) for the control group due to patient 
wish. No significant difference were observed for 
age (p = 0.33), dominant side (p = 0.66) and delay in 
surgery with p = 0.78. All patients underwent open 
reduction and internal fixation by a single surgeon 
(Table 2).

4cc of clear 0.9% sterile saline. The patient and 
the surgeon were both blinded. The rehabilitation 
protocol is described below.

Likewise the prospective comparative trial, 
patients were followed at three months, six months 
and one year postoperatively. After two years, an 
elective follow-up visit was offered. The primary 
outcome was the DASH score and additionally 
VAS score. A secondary endpoint was set, which 
more accurately portrays a patient’s clinical picture 
than simple ROM measurements (22-25). Therefore 
the Broberg-Morrey score, a secondary, physician-
based endpoint was chosen. This is a widely-used 
elbow function assessment tool which includes arc 
of motion data, but also includes information about 
elbow strength, stability, and pain (26). 

The elbow arc of motion – flexion/extension 
– was measured. Furthermore, the radiographic 
evidence of union was qualitatively assessed by the 
senior surgeon. All physical exam measurements 
were obtained by a blinded, experienced research 
assistant.

Statistics

A post-hoc power analysis revealed that the 
study yielded an effect size of 2. Using conservative 
estimation, an effect size of 1.5 was assumed. 
In our subsequent prospective RCT, in order to 
achieve 80% power at the 5% significance level, 
8 subjects would be needed in each arm (PASS 
2008). Single-factor analysis of variance was used 

Inclusion Criteria Exclusion Criteria

• Capable of providing informed consent. • Patients less than 18 years old

• 18 years old and older • Injuries that do not normally require surgical repair

• Elbow fractures that require operative intervention including : • Patients with underlying spasticity

   ◦ Supracondylar distal humerus fractures • Patients with burns about the elbow

   ◦ Intraarticular distal humerus fractures • Patients with extensive soft tissue injuries of the elbow

   ◦ Proximal ulna and radius fractures • Patients with head or spinal cord injuries

  • Myasthenia gravis, Eaton-Lambert, ALS or any other 
   disease that interfere with neuromuscular function

  • Use of aminoglycoside antibiotics or other drug therapies 
   that interfere with neuromuscular function

Table 1. — Relevant inclusion and exclusion criteria
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year, arc of motion was virtually identical (105° vs. 
103°).

Additionally, elbow function assessment using 
the Broberg-Morrey score was higher for the 
onaBoNT-A group at all-time points in comparison 
to the control group with significant differences 
after six months (82 ± 1.9 vs. 65 ± 2.9, p ˂ 0.05) 
(Table 3, Figure 3B). Similar positive tendency 

15 patients (83%) returned for the three-month 
visit, 16 (89%) for the six month visit, 12 (67%) for 
the one year visit and 13 (72%) of the patients were 
seen at an average of 48 months post-operatively 
(range 24-81 months) for the long-term and final 
follow-up (average 4.0 years).

DASH scores showed significant disability in 
both groups (DASH score of 45 for all patients at 
three months follow-up), without any significant 
differences between the groups at three and six 
months. At one year and final follow-up (average 
4.0 years), average DASH score was lower with 
positive trend in the onaBoNT-A group (27 ± 11.0 
after one year respectively 11 ± 7.1) compared to 
the control group (54 ± 7.6 respectively 37 ± 8.7) 
with high trend, but without statistical significance 
(p = 0.09 after one year, respectively p = 0.06 after 
two years) (Table 4). However, when looking for 
the VAS score, there was a significant difference 
observed at one year follow-up (12.4 ± 5.2 vs. 56.6 
± 21.9 ; p<0.05) (Table 4, Figure 2B). In terms of 
arc of motion there was a significant difference 
(p ≤ 0.01) between the onaBoNT-A group 103° 
± 7.6 compared to the control group 73° ± 6.3 
after three months (Table 3, Figure 2A). After six 
months the average arc of motion was also greater 
in the onaBoNT-A group (105° ± 6.5 vs. 88° ± 7.5), 
without statistical significance (p = 0.10). At one 

Botox Saline
Patients 9 9
Males 6 (67%) 5 (50%)
Dominant Side 4 (44%) 5 (50%) (p=0.66)
Mean Age (years) 52.2 44.5 (p=0.33)
Delay in Surgery (d) 7.6 8.6 (p=0.78)

Injury Descriptions
Botox (9 total) Saline (9 total)

Comminuted olecranon fx, type C3 (2) Elbow dislocation, coronoid fx, type B2 (2)
Monteggia fracture/ dislocation (2)

Open (1)
Closed (1)

Elbow dislocations (5)
With radial head fx type 2B (1), type 3C (1)
With coronoid fx, type B2 (1)

Intra-articular distal humerus fx, type C3 (3) Intra-articular distal humerus fx, type C3 (4)
Communited, closed fx (3)
Open gunshot wound (1)

Radial head, capitellum, lateral epicondyle fx, type C

“Terrible Triad” (2) “Terrible Triad“ (1)

Table 2. — Subject Demographics and Injury Descriptions, all fractures classified according to the AO classification.

fx : fracture ; d : days.

 
Figure 2: VAS in the Randomized Control Trial 

Figure 2. — VAS in the Randomized Control Trial.
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was observed for the pain section of the Broberg-
Morrey score which showed lower average pain 
in onaBoNT-A group at all-time points, without 
statistical significances.

When looking at postoperative complications, we 
observed four patients with ulnar neuropathy, two in 
the control group and two in the onaBoNT-A group. 
All four underwent ulnar nerve decompression 
and anterior transposition in a subcutaneous fat 
flap at their initial open reduction internal fixation 
surgery. Two patients in the onaBoNT-A group had 
resolution of their ulnar nerve symptoms at their 
one-year follow-up while the two control patients 
had persistent pain and numbness in the fourth and 
fifth digits. One patient in the control group who 
had a terrible triad injury underwent a secondary 

Botox Saline p
VAS score
Timepoint

Baseline
(at day of surgery)
3 months

0.75 ± 0.53
26.59 ± 8.12

0.22 ± 4.29
18.23 ± 7.71

0.12
0.48

6 months 15.34 ± 5.59 17.32 ± 5.72 0.82
1 year 12.40 ± 5.23 56.60 ± 21.92 0.04

DASH Score
Timepoint

Baseline
(at day of surgery) 1.6 ± 3.1 1.2 ± 1.5 0.78
3 months 48 ± 9.9 41 ± 9.2 0.62
6 months 36 ± 9.8 36 ± 9.0 0.99
1 year 27 ± 11 54 ± 7.6 0.09
2+ years* 11 ± 7.1 37 ± 8.7 0.06

Table 3. — DASH and VAS Scores

*Average time to follow-up = 4.0 years

 
 

Figure 3: A) Arc of Motion B) Broberg Morrey
Figure 3. — A) Arc of Motion B) Broberg Morrey.

  3 months 6 months 1 year

Variable Botox Saline p Botox Saline p Botox Saline p
B+M 72 ± 4.6 62 ± 6.3 0.21 82 ± 1.9 65 ± 2.9 0.02 79 ± 7.6 60 ± 6.5 0.09
B+M pain score* 7 ± 2.2 11 ± 2.7 0.22 7 ± 1.9 14 ± 2.9 0.07 8 ± 2.7 22 ± 6.4 0.06
Flexion 119 ± 5.5 107 ± 3.2 0.09 123 ± 3.1 111 ± 5.2 0.11 128 ± 6.5 128 ± 7.0 0.98
Extension 21 ± 2.4 34 ± 6.3 0.07 18 ± 5.2 23 ± 3.6 0.45 23 ± 7.5 25 ± 13 0.91
Arc of Motion 103 ± 7.6 73 ± 6.3 0.01 105 ± 6.5 88 ± 7.5 0.10 105 ± 13 103 ± 14 0.94
Pronation 67 ± 9.9 80 ± 8.5 0.34 84 ± 2.9 74 ± 8.5 0.23 81 ± 3.7 75 ± 6.3 0.43
Supination 66 ± 11 70 ± 11 0.83 78 ± 7.3 78 ± 5.6 0.94 83 ± 3.3 85 ± 5.7 0.78

Table 4. — RCT Broberg + Morrey Scores, Arc of Motion

* (based on the pain scale used in the Broberg Morrey grading system, rescaled where 0 = no pain, 35 =  severe pain at rest)
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Prophylactic onaBotulinum Toxin type A 
injections into the brachialis and biceps brachii 
muscles show significant improvements in DASH 
and VAS score (one year after surgery), arc of  
motion (three months after surgery), Broberg-
Morrey score (six months after surgery) (Figures 
2-3). Additionally many other positive tendencies 
were identified showing its potential to prevent 
elbow stiffness and improve patient outcome 
without any complications, and equal rates of bony 
healing.

The ensuing prospective randomized double-
blind, placebo-controlled, randomized trial was 
designed to eliminate bias caused by measurements 
and selection without randomization. In this trial, 
long-term scores showed improved function, 
although they did not quite reach statistical signi-
ficance. Our long-term DASH scores were similar 
to those reported in other studies, which typically 
find DASH scores of 10 to 40 at a minimum of 
one year follow-up for complex intra-articular 
elbow fractures and dislocations (6-8,27,28). The 
large variability in DASH scores in our study and 
in the literature illustrates the challenge inherent 
in quantifying outcomes in patients with such 
diverse injuries. Although there was no significant 
difference in our primary endpoint, onaBoNT-A 
significantly improved early postoperative arc of 
motion (p ≤ 0.05), as well as improved Broberg-
Morrey score (p < 0.02). 

According to the literature, a DASH score 
change of 19 or more indicated a “much better/ 
worse” outcome, whereas a mean score change of 
10 expresses “somewhat better/ worse”. This can 
be also interpreted as somewhat changed (29,30).
For the visual analog scale it depends even more 
on the pain score. For VAS scores less than 34, a 
significant difference was observed for changes 
of 13±14. For higher VAS scores much greater 
changes were required for significant changes in 
pain ; at 67 the significant changes were observed 
for more than 28±21. Interestingly no significant 
changes could be identify between the two VAS 
scores (31). The Broberg-Morrey includes a variety 
of different parameters including strength, motion, 
stability and pain. Therefore, a categorical rating 
can be performed, where 95-100 points describes an 

surgery two weeks later for continued ulnohumeral 
instability, coronoid fracture fixation and lateral 
collateral ligament reconstruction. Three patients in 
the onaBoNT-A group also had secondary surgery. 
One patient with C3 distal humerus fracture had 
migration of K-wires and underwent a removal of 
hardware two years after his initial surgery which we 
do not routinely perform in our center. Another patient 
developed elbow stiffness, although he admitted to 
being noncompliant with his rehabilitation protocol. 
He underwent an open arthrotomy and HO excision, 
and at two year follow-up had an arc of motion from 
flexion/ extension 20° to 120°. Another patient with 
a terrible triad injury and morbid obesity developed 
persistent elbow instability despite attempts at 
immediate postop immobilization and underwent 
application of a hinged elbow external fixator. One 
year later, he underwent removal of all hardware for 
MSSA infection. After six weeks of IV antibiotics, 
he was able to return to work and had an elbow arc 
of motion from 45 to 135°.

All patients had radiographic evidence of fracture 
union at one year. No patients had a nonunion of 
their fracture and three patients had evidence of mild 
heterotopic ossification on their latest radiograph. 
In addition, from the application of onaBoNT-A no 
complication was observed. 

DISCUSSION

Traumatic elbow injuries constitute approximately 
30% of fractures of the upper extremity, and represent 
some of the most complex and challenging injuries 
in orthopaedic surgery. Despite near anatomic 
reduction (intrinsic), outcomes are variable, 
and there is always significant concern for the 
development of post-operative stiffness resulting in 
severe disability. The currently available treatments 
for stiffness involve modifications in rehabilitation 
protocols and secondary capsular release surgery 
once contractures have already developed. In 
light of the mixed success and complication rate 
of revision surgery like capsular release, a simple, 
cost-effective, safe, minimally invasive procedure 
that can be performed at the time of initial fracture 
surgery to prevent posttraumatic stiffness has 
significant potential.
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significance. Furthermore, we believe that it may be 
related to better cartilage health and less cartilage 
contact pressure due to less scar tissue which cause 
stiffness and limitations in motion. In literature this 
was described to increase cartilage damage, leading 
to more release of proalgesic molecules (36,37,38, 39).

Since muscle contracture is defined as a velo-
city dependent increase of muscle resistance to 
passive stretch (40), it is most likely correlated to 
the viscoelastic environment due to the analytic 
approach. Patients are able to stretch better passively 
including stretching hyperreflexia or tendon muscle 
retraction (41,42). Also, the reduction in spasticity 
in flexion the oppositional spastic behaviors of the 
extensors are also decreased, which enables an early 
start stretching and therefore reduces stiffness. This 
relates to decreased resistance to muscle stretch and 
therefore increasing range of motion, although it 
is difficult to differentiate between the underlying 
neural – stretch reflex and the non-neuronal effect 
(43,44). However, when looking for structural 
changes in literature no correlation with an increase 
in collagen and structure protein such as titin protein 
have been described (42). 

Biomechanically, when injecting onaBotulinum 
Toxin type A into the muscle, the HC domain is 
binding to a polysialoganglioside receptor of the 
presynaptic membrane. Afterwards, it is binding 
to a protein receptor including synaptotagmin and 
glycosylated SV2. Then the onaBoNT-A can be 
internalized inside the synaptic vesicle which are 
directly recycled or fuse with the synaptic endosome 
and re-enter the synaptic vesicle. After acidification 
and accumulation of neurotransmitter, membrane 
translocation of the L chain into cytosolthe thiore-
doxin reductase-thioredoxin system and Hsp90 are 
activated the SNAP-25 and syntaxin are cleaved 
leading to a prolonged inhibition of neurotransmitter 
release and therefore paralysis (45). 

Alternatively, onaBotulinum Toxin type A has a 
non-neuronal effect on cells in the skin which can 
facilitate wound healing, as well as decreasing the 
thickness of hypertrophic scares such as of the joint 
capsule (46). Since scar tissue is believed to come 
from a prolongation of the inflammatory phase 
and therefore, increased deposition of collagen 
and glycosaminoglycans due to repeated cycles of 

excellent outcome, 80-94 points a good one, 60-79 a 
fair and <60 a poor outcome (32).

For range of motion the changes are rather less 
relevant whereas the cut-offs between the functional 
ROM are most significant. This is defined as flexion-
extension 30°-130° with pronation-supination 50°-
50° by Morrey (4). Furthermore, Sojbjerg described 
that the improvement in flexion is even more 
important than extension why patients are likely to 
recognize changes in flexion earlier (33).

Considering the changes in score and correlated 
patients’ satisfaction, the Broberg-Morrey score 
improved from fair to good in the onaBoNT-A group 
among time. For saline it remained fair without any 
improvement in patient satisfaction. Likewise, the 
Flexion for both Saline and onaBoNT-A reached 
close to the functional range of motion with 23°-
128° for onaBoNT-A respectively 25°-128° for 
Saline after 1 year. For DASH score higher changes 
in onaBoNT-A group were observed from 48 initially 
after fixation to 11 two years after surgery, whereas 
for saline the DASH score only changed by 4 points. 
Finally the VAS score improved significantly by 14 
between 3 months and 1 year after surgery. 

These quantitative measurements validated 
our anecdotal clinical observations that patients 
treated with onaBotulinum toxin type A appeared to 
benefit significantly more from early rehabilitation 
and regained elbow function more rapidly. We 
assume that rehabilitation and physical therapy is 
especially important directly after surgery. Once a 
satisfactory arc of motion, extension and flexion 
is achieved patients do not go to physical therapy 
anymore where as those patients who suffer from 
stiffness require more especially after 3 months. 
This may explain why at the beginning a significant 
difference was identified whereas at the endpoint no 
significant difference was present anymore. 

Besides the neuronal and non-neuronal effect 
of onaBotulinum Toxin type A, it does have a 
documented analgesic effect, but the exact nature 
of its role in pain modification and its impact has 
not been formally studied in large clinical trials 
(34). Even though it is used in the treatment of 
neuropathic pain with good results (35). We support 
these findings, and experienced less pain at six 
months and one year postoperatively with statistical 
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The ability to remain truly blinded was im-
possible, as the weakness in the elbow flexor 
muscles of patients receiving onaBoNT-A was 
clinically apparent upon examination in early 
follow-up intervals, and the resultant increased arc 
of motion was often striking. However, patient and 
surgeon were blinded during the surgery and at time 
of the application of onaBoNT-A or Saline. Since 
onaBoNT-A takes few weeks to see the effect, both 
were blinded up to the first follow up control. We feel 
that this problem highlights the early effectiveness 
of onaBoNT-A rather than detracts from the overall 
quality of the study. Although, according to the 
literature it is described that direct injection into the 
gastrocnemius muscle fails in up to 57%, we could 
not observed any failure in our cohort (53).

The findings of our study are consistent with our 
hypothesis that temporary chemodenervation of the 
elbow flexors is a safe and effective way to prevent 
involuntary guarding and leads to increased benefit 
in the early rehabilitation period. Additionally, a 
significant difference in arc of motion was observed 
in short term as well as significant lower DASH and 
VAS scores in the long-term.

CONCLUSION 

This study, shows promising and significant 
results. These results reflect the usefulness of ona-
Botulinum Toxin type A in preventing postoperative 
elbow stiffness, especially in complex elbow frac-
tures and fracture-dislocations. It is a safe procedure 
that can improve early arc of motion and function 
significantly. Furthermore, there is a positive trend 
toward better long-term functional outcomes in the 
onaBotulinum Toxin type A group and significant 
reduction in pain postoperatively, even though the 
nature and the modification in pain is not yet fully 
understood.
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APPENDIX A

Operative Techniques

Distal Humerus : We utilized the standard posterior midline triceps-splitting approach to the distal humerus. 
The ulnar nerve and branches of the radial nerve to the triceps were identified and protected throughout the 
procedure. For intra-articular fractures, the posterior elbow capsule was incised to expose the articular surfaces. 
In cases where visualization of the joint was not adequate or depending upon surgeon preference, an olecranon 
osteotomy was performed. The fracture fragments were identified and provisional fixation was obtained 
with K-wires. Cancellous screws were placed lateral to medial to reduce the medial and lateral columns and 
obtain articular congruence. The lateral column of the humerus was reduced to the shaft and fixed with a 
contoured reconstruction plate and the medial column plate was placed 90° orthogonally. The coronoid and 
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olecranon fossae were then inspected visually and digitally to ensure there was no encroachment. Ulnar nerve 
transposition was performed in patients who had baseline ulnar nerve symptoms. 

Elbow Fracture Dislocations and Monteggia Equivalents : A posterior skin incision was made and extended 
proximally and distally to expose the distal humerus and the proximal ulnar shaft. After identification of 
the ulnar nerve and better visualization of the proximal ulna fracture through the ECU and FCU interval, 
reduction is obtained and fixed with contoured plates as indicated. In fractures with less comminution, a figure 
of eight tension band technique with 18 gauge wire was used. Through the same skin incision, the radial head 
is approached through a posterolateral approach. The fractured radial head was exposed and resected taking 
care to protect the annular ligament. Coronoid fractures that required repair were accomplished with suture 
or screw fixation and buttressing plates. If fixation of the coronoid fractures is not possible laterally, a medial 
approach is used. If the radial head fracture is found to be significantly comminuted, appropriately sized radial 
head prosthesis is inserted. The lateral collateral ligament complex is repaired and arc of motion and stability 
of the elbow is confirmed.


