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Abstract.
OBJECTIVE: The aim of the study was to identify the efficacy of dynamic fixation using rigid tape (RT) in rehabilitation after
surgery of terrible triad injury of the elbow (TTIE).
METHODS: Sixty patients who underwent surgery of TTIE were equally randomly divided into RT group and hinged external
fixation brace (HEFB) group. Dynamic fixations were applied for 8 weeks. General rehabilitation programs were performed for
3 months, 5 times a week. Follow-up (FU) was at six months. Main outcomes included pain (Visual Analogue Scale, VAS), muscle
strength, range of motion (ROM), Elbow Function (Mayo Elbow Performance Index, MEPI), Quality of Life (QOL) (Short Form
36 Questionnaire, SF-36).
RESULTS: There were significant time x group interactions for pain, ROM, MEPI, SF-36 (all p = 0.000), which demonstrated
positive efficacy of both the two interventions. Difference at each time-point (except for baseline) of pain and ROM between the
two groups was statistically significant (all p < 0.05). Some differences between the two groups were not statistically significant
which at 14d on MEPI (p = 0.108) and at 21d (p = 0.259) and FU (p = 0.402) on QOL. Moreover, the increased muscle strength
at each time-point had no statistically significant difference between the two groups (all p > 0.05).
CONCLUSIONS: Both RT and HEFB could significantly improve the postoperative functional outcomes of the TTIE. However,
early rehabilitation intervention could increase pain, which affected the corresponding function (MEPI) and QOL. Note that this
kind of impact was short-term and reversible. The muscle strength and ROM were not affected by the increased severe pain,
maintaining a trend of improvement. In addition, the subjects in the RT group improved faster and more efficiently and had better
results with pain, ROM, MEPI, and QOL compared to the subjects in the HEFB group.
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1. Introduction

Terrible triad injury of the elbow (TTIE), which was
named by Hotchkiss [1–4], describes a condition on
dislocation of the elbow with fractures of the radial
head and ulnar coronoid process [1–3,5]. The elbow is
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the second most dislocated joint in the body [3,6–8],
18%–45% would be TTIE [2,3]. This type of injury
occurs during falls onto an outstretched hand, falls from
a height, motor vehicle accidents, or other high-energy
trauma [9]. The mechanism is hyperextension and val-
gus stress applied to the pronated forearm [5,9]. This
injury often causes instability of the elbow which re-
quires surgical intervention. The clinical efficacy of this
compound injury is not satisfactory, often associated
with complications, such as stiffness, pain, instability,
traumatic arthritis and heterotopic ossification [2]. The
primary purpose of surgery is to stabilize the elbow and
ensure the early movement to avoid stiffness.

However, surgery may not provide sufficient stability
for the elbow joint. Therefore, braces, such as hinged
external fixation brace (HEFB), are used to supplement
this deficiency to ensure the early postoperative mobil-
ity training. Because fixators must maintain the stability
of the joints during the healing of soft tissues and bone
injuries, it often lags in rehabilitation interventions [2].
Complications include instability, stiffness, infection,
pain, ulnar neuropathy, malunion, nonunion, hetero-
topic ossification arthrosis, osteoarthritis and contrac-
ture [10–14]. Re-operation is necessary in as many as
28% of patients [10,13,15].

As far as the current literature is concerned, there is
no evidence to reveal the optimal postoperative train-
ing intervention time point. In particular, it is rare to
start rehabilitation interventions 1 to 2 weeks after
surgery [16,17]. Instability is thought to be more com-
mon in smaller avulsion-type coronoid fracture, possi-
bly due to the more challenging fixation [10]. Therefore,
most rehabilitation practitioners prefer to intervene af-
ter the joint is stabilized to prevent the occurrence of
cubitus varus or valgus deformity. The joint stiffness
occurs which increases the difficulty of recovery and
the patient’s pain, especially for the functional recov-
ery of a complex joint like the elbow where stiffness is
poorly tolerated and instability is devastating [5].

Rigid tape (RT) is a favorite in the field of rehabil-
itation medicine, especially it can stabilize joints, and
can even change the direction of joint movement in the
direction we need to promote muscles to complete their
role as dynamic fixators. But it also has limitations, such
as the high requirements for surgical wound healing.

Therefore, our main objectives were to compare re-
sults of two types of fixation. We hypothesized that dy-
namic fixation by using RT applied on TTIE would pro-
mote functional recovery more effectively than HEFB.
Furthermore, RT would not cause serious adverse events
(AEs) and rehabilitation interventions initiated since
2–4 weeks after surgery would be safe.

2. Methods

2.1. Study design

This study was conducted between July 2017 and
June 2019. This was a single-blinded randomized con-
trolled study. Sixty patients were equally divided into
the RT group and the HEFB group by a random digital
table with each card placed in a brown opaque envelope.
The random plan is only known to the project leader.
According to the PEDro Scale [18], the physiotherapist
who evaluated all the outcomes was blinded (single-
blind: evaluator). The study was approved by the Ethics
Committee of the First Affiliated Hospital of Zhejiang
Chinese Medical University (No. 2017LCSY0010) and
the patients provided informed consent.

2.2. Patients

Inclusion criteria: 2 to 4 weeks after surgery; surgical
wounds healing well, dry and without exudation; stable
vital signs. Exclusion criteria: accompanied by other
muscle, bone, and nerve injuries; osteoporosis; severe
heart, liver, and kidney diseases; severe diabetes and
other organic diseases of the endocrine system.

2.3. Treatments

RT group: According to the inter-bone position of
each joint (humeroulnar joint, humeroradial joint, and
proximal radioulnar joint), use RT to recover the bone-
to-bone dynamic position relationship (re-tape every
day). Meanwhile, instruct the patients to feel the di-
rection of the RT pulling force, so as to use the mus-
cle strength accordingly. In order to meet the dynamic
position relationship, we applied the RT for 1) stable
dynamic supination, even though the supination is re-
garded as the least stable position in the conventional
sense, 2) dynamically strengthening lateral side of the
elbow (Fig. 1A and B). The patients were also asked
to do some fit-in exercises, such as bouncing a ball off
ground or wall. HEFB group: The patients were asked
to wear HEFBs (Fig. 1C and D) for 24 hours a day
and perform no or slight painful activities (even activi-
ties that involved pronation and supination) during the
off-treatment phase. Dynamic fixations were applied
for 8 weeks. General rehabilitation programs, such as
strength training (10 minutes), range of motion training
(10 minutes), activities of daily living (ADLs) training
(20 minutes), and modalities (ultrasound: 10 minutes,
neuromuscular electrical stimulation: 20 minutes, tran-
scutaneous electrical nerve stimulation: 20 minutes),
were performed by all the patients and conducted by
physiotherapists for 3 months, 5 times a week.
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Table 1
Characteristics of the 60 patients in terms of age, gender, affected side and PORT

RT group (n = 30) HEFB group (n = 30) t/χ2 p (sig) 95% confidence interval (CI)
Age (yr) 48.70 ± 14.61 46.80 ± 13.80 0.518 0.607 −5.447–9.247
Gender (male/female) 20/10 17/13 0.635 0.426
Side (left/right) 18/12 13/17 1.669 0.196
PORT (d) 23.20 ± 3.78 23.33 ± 4.20 −0.129 0.898 −2.200–1.933

Fig. 1. A) and B) Patients who applied RT. C) and D) Patients who
applied HEFB.

2.4. Assessments

Pain: Measure pain during activity. Visual Analogue
Scale (VAS). Draw a 10 cm horizontal line on the pa-
per, one end of the horizontal line is 0, indicating no
pain; the other end is 10, indicating severe pain. Ask the
patient to draw a mark on the horizontal line according
to their feelings to indicate the degree of pain. Muscle
Strength: Based on biceps brachii. Manual Muscle Test-
ing (MMT). Grade 0: No evidence of muscle contrac-
tility; Grade 1: Evidence of slight contractility with no
evidence of joint motion even with gravity eliminated;
Grade 2: Complete range of motion (ROM) with gravity
eliminated; Grade 3: Complete ROM against gravity
with no resistance; Grade 4: Complete ROM against
with some resistance; Grade 5: Complete ROM against
gravity with full resistance. ROM: With the forearm in
active full supination. Use goniometer. Center fulcrum
over the lateral epicondyle of the humerus. Align proxi-
mal arm with the lateral mid-line of the humerus, using
the center of the arcomion process for reference. Align
the distal arm with the lateral mid-line of the radius,
using the radial styliod process for reference. We define

this ROM as the difference between the biggest angle
and the smallest angle of the elbow flexion, i.e. the arc
of flexion. Elbow Function: Mayo Elbow Performance
Index (MEPI) [19]. It consists of pain (45 points), ROM
(20 points), stability (10 points) and ADL (25 points).
Quality of Life (QOL): Short Form 36 Questionnaire
(SF-36) [20]. It includes general health, pain, activi-
ties, and physical and emotional health problems. All
the assessments mentioned above were measured be-
fore rehabilitation intervention, and 7 days, 14 days,
21 days, 1 month, and 3 months after the beginning,
as well as 6-month follow-up (FU). Safety: Safety was
assessed via AE reporting, physical examinations, vital
sign measurement, x-ray, etc. during the process of this
study when needed.

2.5. Statistical analysis

Statistics were conducted in IBM SPSS Statistics
Version for Mac 23.0 and significance was set at p >
0.05. Differences in age, postoperative rehabilitation
time (PORT), pain, ROM, MEPI, and QOL were as-
sessed using repeated measures models and multivariate
analysis of variance (MANOVA). Differences in gender,
affected side, and muscle strength were assessed using
Chi-square (χ2) tests. Differences in muscle strength
were assessed using Fisher’s Exact Test.

3. Results

Table 1 shows the characteristics of the 60 patients
in terms of age, gender, affected side and PORT for
which there were no statistically significant differences
(p > 0.05) between the two groups. There were no
statistically significant differences (p > 0.05) between
the two groups during the initial measurement for all
variables (baseline) (Tables 2 and 3).

There were significant time x group interactions
for pain, ROM, MEPI, SF-36 (all p = 0.000), which
demonstrated positive efficacy of both the two interven-
tions. Difference at each time-point (except for base-
line) of pain and ROM between the two groups was
statistically significant (Figs 2 and 3). Some differences
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Table 2
Pain, ROM, MEPI, SF-36. Values are Means ± SD

Baseline 7 d 14 d 21 d 1 m 3 m Follow-up
RT group Pain 3.23 ± 1.25 6.30 ± 1.18 6.33 ± 1.09 3.57 ± 0.73 2.10 ± 0.80 1.20 ± 0.85 0.50 ± 0.57
(n = 30) ROM 6.63 ± 3.24 22.97 ± 5.17 50.00 ± 6.32 69.17 ± 7.39 82.90 ± 7.60 108 ± 7.07 109.90 ± 6.27

MEPI 30.00 ± 8.51 17.5 ± 10.15 24.33 ± 10.48 59.33 ± 12.78 73.17 ± 6.09 84.67 ± 7.87 91.50 ± 9.48
SF-36 81.43 ± 5.47 73.47 ± 4.88 74.27 ± 5.32 92.07 ± 5.39 107.50 ± 4.49 120.67 ± 5.64 130.63 ± 5.82

HEFB Pain 3.03 ± 1.45 4.50 ± 1.31 4.60 ± 1.28 5.00 ± 1.23 5.10 ± 1.12 3.33 ± 1.06 1.03 ± 0.85
group ROM 6.03 ± 1.92 13.87 ± 4.13 25.50 ± 8.03 42.77 ± 8.56 53.9 ± 7.25 79.00 ± 10.18 80.10 ± 9.97
(n = 30) MEPI 30.50 ± 9.86 31.17 ± 14.84 29.33 ± 13.11 32.33 ± 14.13 41.33 ± 14.14 61.33 ± 9.91 80.33 ± 9.73

SF-36 82.07 ± 4.96 79.70 ± 4.43 81.10 ± 4.42 90.23 ± 6.97 103.73 ± 8.01 113.10 ± 6.10 129.10 ± 8.06
P (sig) Pain 0.569 0.000 0.000 0.000 0.000 0.000 0.006
95% CI 2.783–3.4831 5.078–5.722 5.160–5.774 4.022–4.545 3.347–3.583 2.019–2.515 0.579–0.954

ROM 0.387 0.000 0.000 0.000 0.000 0.000 0.000
5.645–7.022 17.207–19.626 35.882–39.618 53.900–58.033 66.481–70.319 91.236–95.764 92.849–91.151

MEPI 0.834 0.000 0.108 0.000 0.000 0.000 0.000
27.871–32.629 21.048–27.618 23.766–29.901 42.352–49.314 54.437–60.063 70.688–75.312 83.434–88.400

SF-36 0.640 0.000 0.000 0.259 0.028 0.000 0.402
80.401–83.099 75.379–77.788 76.419–78.948 89.541–92.759 103.939–107.295 115.365–128.050 118.401–131.684

Table 3
Muscle strength: Number of patients who reported a specific grade of MMT

Grade Baseline 7 d 14 d 21 d 1 m 3 m Follow-up
RT group (n = 30) 2 3 0 0 0 0 0 0

3 9 3 0 0 0 0 0
4 16 15 6 2 0 0 0
5 2 12 24 28 30 30 30

HEFB group (n = 30) 2 4 1 0 0 0 0 0
3 10 6 3 1 0 0 0
4 14 15 8 4 4 1 0
5 2 8 19 25 26 29 30

χ2 0.329 2.800 3.867 1.836 4.286 1.017
P (sig) 0.949 0.406 0.181 0.424 0.056 0.500

between the two groups were not statistically signif-
icant which at 14d (p = 0.108) on MEPI (Table 2,
Fig. 4) and at 21d (p = 0.259) and FU (p = 0.402) on
QOL (Table 2, Fig. 5). Moreover, the increased muscle
strength at each time-point had no statistically signifi-
cant difference between the two groups (all p > 0.05)
(Table 3).

4. Discussion

It is generally considered that early activities after
TTIE are ambiguous. However, the results of this study
show it could be safe for rehabilitation practitioners to
intervene earlier.

Pain as an individual variable has a positive signifi-
cance in the early rehabilitation, although it is involved
in the MEPI and SF-36. It is worth noting that early
activities caused the significantly increased pain that
was more severe in the RT group and longer lasting in
the HEFB group (Fig. 2). Consequently, the MEPI and
SF-36 of the RT group dropped down at 7d and 14d
and rose sharply at 21d (Figs 4 and 5). Fortunately, the

strength (Table 3) and ROM (Fig. 3) were not affected.
Although the severest pain occurred respectively in the
first 14 days in the RT group and in the first 1 month in
the HEFB group, each of them fell apace subsequently
(Fig. 2). It indicates that the early pain due to activities
is safe and reversible under both kinds of dynamic fixa-
tions. If only considering pain, we prefer RT as it can
cause less lasting and severe pain.

The only variable which had no statistically signifi-
cant differences between the two groups was the muscle
strength (Table 3). It indicates that no matter what type
of activities used to improve muscle strength, no differ-
ences in efficiency for dynamic fixations were found.

The most important and notable variable is the ROM.
Seth and Thomas5 stated that a full range of flexion and
extension was not necessary, and full extension may in
fact lead to disruption of coronoid fracture or anterior
capsular repairs. Assessing motion through the func-
tional range from 30◦ to 130◦ of flexion suffices. Most
practitioners [1,16,21–23] involved strive for greater
and greater ROM. The solution we chose to get a handle
on the subtle incongruence was the RT. The most com-
mon use of RT is to stabilize the joints. We modified
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Fig. 2. Pain (VAS; where 0 = no pain and 10 = worst imaginable pain). ∗Denotes significantly different between the two groups at p < 0.05.

Fig. 3. ROM (difference between biggest and smallest angle of elbow flexion, i.e. arc of elbow flexion). ∗Denotes significantly different between
the two groups at p < 0.05.
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Fig. 4. Elbow Function (MEPI). ∗Denotes significantly different between the two groups at p < 0.05.

Fig. 5. QOL (SF-36 Questionnaire). ∗Denotes significantly different between the two groups at p < 0.05.
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the method of application based on the 3D dynamic
joint technique for dynamic stabilization of humeroul-
nar joint, humeroradial joint and proximal radioulnar
joint. Our results confirmed that the RT could more sig-
nificantly improve the arc of elbow flexion than HEFB
(p < 0.05) (Fig. 3). The final ROM (109.90 ± 6.27)
of the RT group is greater than most of other stud-
ies [3,5,9,11,24], however, applying HEFB (80.10 ±
9.97) is lower than other studies [3,5,9,11,23–25]. The
final data of other studies did not involve measuring at
certain time points, they just measured the results when-
ever rehabilitation was finished, i.e. their results did not
include the length of time for their rehabilitation, so we
cannot comparatively analyze the differences.

With the improvement of ROM, the stability was also
improved synchronously. As we mentioned above, the
reason why the functional scores based on MEPI de-
creased in the early phrase was due to the increased
severe pain. Our data shows (Fig. 4) that as the pain
released, the MEPI of the RT group (14d-21d) increased
more sharply than in the HEFB group (1m-3m). It indi-
cates that the RT could prevent or decrease the occur-
rence of cubitus varus or valgus deformity more effi-
ciently, as cubitus varus or valgus deformity is respon-
sible for elbow stability. Moreover, the patients who
applied RT could return to ADLs earlier. This may be
because the patients were asked to feel the direction of
the pull based on the applied RT while doing activi-
ties in order to rebuild the muscle memory for the sub-
tle congruence. Compared to other studies [3,5,11,24],
there is a greater final score (91.50 ± 9.48) in the MEPI
of the RT group, whereas a similar one (80.10 ± 9.97)
occurred in the HEFB group. Due to heterogeneity we
mentioned above, comparative analysis is not available.

Similar to the MEPI, the QOL based on SF-36 was
affected by the pain. However, its growth point occurred
earlier than the MEPI (Fig. 5). This is because the func-
tional recovery enhanced the patient’s self-confidence.

Against dominancy and affected side, all of our pa-
tients were right-handed. The impact of dominancy is
not necessary to discuss here, because we asked ev-
ery patient to use their affected hand to perform most
ADLs, such as washing their face, brushing their teeth,
using chopsticks or spoons, and using their un-affected
hand to do heavy work. The patients performed very
well, even though they were like fishes out of water in
the beginning.

Safety is the most important variable for rehabilita-
tion. No malunion, nonunion or heterotopic ossification
was found in our study. However, four patients in the
RT group suffered slight skin allergy, and one suffered

mild skin allergy. The skin allergy was a red, itchy rash,
no blisters or bumps showed up. We would eliminate
them, but they insisted on keeping going. Finally, we
kept them in not only because of their will, but also
because the allergy was cured by Ebastine Tablets (1
tablet a day), Loratadine Tablets (1 tablet a day), Pred-
nisolone Acetate Tablets (1 tablet a time, 3 times a day)
and Hydrocortisone Butyrate Cream (3 times a day),
while there was no treatment discontinued. There is no
direct evidence against applying RT when an allergy
occurs. We considered whether the allergic reactions
were due to glue. A case report written by Christof-
fers et al. [26] stated that unmodified colophonium as a
well-known sensitizer which could be used in medical
adhesives could cause allergic reactions in 0.7–8.0% of
the patients.

Limitations of our study are the relatively short 3-
month intervention duration and 6-month FU, and the
sample size of this study is not large. Allergy is un-
avoidable for the application of RT. Fortunately, it had
little impact on the process of our study. In addition, the
application of RT as we are using requires practitioners
to take relevant professional trainings.

5. Conclusions

Overall, both RT and HEFB could significantly im-
prove the postoperative functional outcomes of the
TTIE. However, early rehabilitation intervention could
increase pain, which affected the corresponding func-
tion (MEPI) and QOL. Note that this kind of impact
was short-term and reversible. The muscle strength and
ROM were not affected by the increased severe pain,
maintaining a trend of improvement. In addition, the
subjects in the RT group improved faster and more effi-
ciently and had better results with pain, ROM, MEPI,
and QOL compared to the subjects in the HEFB group.
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