Original Article

Acta of Shoulder and Elbow Surgery 2016 Oct - Dec;1(1):35-43

MIPO for Humeral Shaft Fractures: Correlation between Radiographic,
DASH, and SF-12 results

Adriano F. Mendes Jtnior'?, José da Mota Neto >3, Leandro F. De Simoni '*, Carlos Alberto
Menezes Mariosa 3, Bruno G. S. e Souza??, Valdeci de Oliveira >3, Elmano de A. Loures®

Introduction: To present the correlation between the clinical and radiographic results of patients with a humeral shaft fracture treated
with the MIPO technique.

Method: A comparative retrospective study involving 31 patients with diaphyseal fractures of the humerus, from January 2014 to January
2016, with a minimum follow-up of six-months, surgically treated using the MIPO technique through an anterior approach. Outcomes
were evaluated prospectively via clinical and radiographic exam, DASH, and SF-12.

Results: mean follow-up of 19-months, with the majority of fractures classified as complex (n = 16; $1.6%) and a healing rate of 90.32%.
Mean shoulder range of motion was 167°/57°/T6. In the elbow, mean flexion/extension was 125°/-5° Non-consolidation occurred in
three patients (9.7%), with two pseudoarthroses and one loss of reduction after osteosynthesis. Five patients presented primary radial
apraxia, two without recovery from the injury. Secondary radial apraxia occurred in two patients, with full recovery. Patients in whom the
fracture did not consolidate presented greater radiographic coronal deviation (d = 2.2), with the differences being statistically significant.
Eight patients (25.8%) had an unsatisfactory DASH, with a longer elapsed time until surgery, less elevation of the shoulder, lower scores
on the physical component of the SF-12, and higher pain scores, with statistically significant differences.

Conclusion: MIPO demonstrated a 90.32% healing rate in the first six months post-operatively, with good clinical and functional results
according to the DASH and SF-12 scores. Injuries by firearm combined with impairment of the radial nerve are related to a worse
functional outcome in the sample evaluated.

Evidence Level: I1I - comparative retrospective study

Keywords: diaphyseal fracture of the humerus; osteosynthesis; MIPO; radial nerve paralysis

Introduction: mainly due to high-energy trauma, and within the guidelines including: angular

Diaphyseal fractures of the humerus between 60 and 80 years, in cases of low- deviations less than 20 degrees, rotational

represent 3 to 5% of the occurrence of all energy trauma.[5,30] Conservative less than 30 degrees, and less than 3 cm of
types of fractures,[11,30] with a bimodal

age distribution: from 21 to 30 years -

treatment is indicated for the vast majority shortening, in selected patients.[26]

of these fractures,[4] provided they are However this can lead to unsatisfactory

results associated with malunion of the

fracture, pseudoarthrosis, and to
weakening of the shoulder
girdle.[11,31,41]

Surgical treatment is indicated in
patients with fractures with
unacceptable deviations, polytrauma,
with vascular and nerve injury, in obese
patients, or in those with an orthostatic
placement limitation,[20] with the
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objective of surgical treatment thus
being to avoid these complications and
promote early rehabilitation.[3] ORIF
with plates and screws is still
considered the gold standard of the
surgical treatment options,[26] despite
the advent of biological techniques
such as intramedullary nailing or
“bridge plates”. Livani and Belangero
presented the clinical results of the
bridge plate method for surgical
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Figure 1: post operative image showing the distances
of plate length (PL) and working length (WL) used for
the calculation of the ratio PL / WL.

Figure 2: pre operative image ofa 12B2 closed fracture and sixmonths post MIPO, with evidence ofa

callus formation.

treatment of diaphyseal fractures of the
humerus,[20] and Apivatthakakul et al.[2],
detailed the anatomical landmarks of the
technique and described the term MIPO
(Minimally Invasive Plate Osteosynthesis).
With the MIPO technique, patients
experience early and active mobilization of
the shoulder and elbow, due to good
stability achieved and the minimal surgical
aggression of the technique,[20] in addition
to the aesthetic benefit of two small
incisions. Minimally invasive surgery has the
potential to preserve the fracture hematoma,
enhancing consolidation, [1,27] with the
MIPO method for treatment of diaphyseal
fractures of the humerus being considered
reproducible, safe, and
effective.[14,18,20,22,37,38] There are
several characteristics fundamental for
MIPO success, such as proper selection of
the implant size, and the quantity and
distribution of the screws.[39] The use of
long plates is recommended for this
technique because the longer the plate, the
more stable and effective it will be, provided
that the system complies with the minimum
number of screws on each fracture side.

However, according to Tanaka[39], this
orientation is empirical.

The aim of this study is to evaluate, in a
series of patients with humeral shaft
fractures surgically treated using the MIPO
technique, the clinical and radiographic
results of treatment, as well as its impact on
the upper limb function and quality of life of
the patients. At the same time, we seek to
identify the characteristics of fixation
systems and their relationship to the
consolidation outcome six months after
surgery, and possible factors related to
treatment failure using this technique.

Methodology

This is a retrospective study of patients with
diaphyseal humeral fracture treated
surgically using the MIPO technique in
tertiary hospitals of our city, by three
surgeons participating in the study, from
January 2014 to January 2016. All patients
operated on in this period were selected and
invited to participate. The inclusion criteria
were: over 18 years of age, surgery more
than six months prior, and surgical
treatment of humeral shaft fracture using

the MIPO technique through an anterior
approach. The exclusion criteria were: prior
surgery on the same bone and inability to
answer the functional assessment
questionnaires or to appear for re-
evaluation. This study was approved by the
Research Ethics Committee of the
institution, under opinion number CAAE
53181116.2.0000.5103. Patients who
agreed to participate in the study signed a
free and informed consent agreement.

Sample

A total of 3§ surgeries were performed that
met the inclusion criteria during the period
from January 2014 to January 2016. Four
patients were excluded, three due to death
and the other for refusing to participate in
the study, totaling a sample of 31 patients, of
whom 24 were male (77.4%) and seven
female. The mean patient age was 35.3 £
14.3 years, ranging from 20 to 78 years. We
prospectively evaluated the clinical-
functional results with a minimum follow-
up of six-months, with clinical and
radiographic exam data, with EVA[32],
DASH[24] functional assessment score,
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Table 1: Comparison of clinical evaluation, radiographic measures, and functional scores of patients with healed and non-healed fractures

A
(n=28)

35.3+143 336+124 5074250  0.15
214423 213422 230%32 028
13.0+14 129+14 140%2.0 0.28
I 2 7:09  47:09  46+11 0.82
0374008 037+008 033004 047
76+26  7.4t23  9.9%45 0.3
57+19 57+18  53+3.4 0.74
13.1£3.0 129429 152%38 0.32
1.7:04 17404  15%0.2 0.55
48+87 3258 19.5+183  0.01*
34t55 28%46 9.4+100 0.11
22.6 17.8 66.6 0.12
47+08  48+04 3321 0.03*
167.0£33.0 172.0£21.0 120.0£79.0  0.04*
58.0+14.0 60.0+13.0 40.0+200 0.6t
R 2504210 127.0£210 110.0£200  0.06
5.6+124 -39%86 -220£290  0.08
1924296 150%241 583%520  0.24
47187 471+90 47.8%75 087
5214107 537+9.0 37.2+163  0.06t
20+24 18423  3.7+32 0.25
[*] Statistically significant difference, p < 0.05, using the Mann-Whitney test
[T] tendency of significance (Average + SD deviation) N2 - number

and the SF-12[7] quality of life and other associated clinical events. working length area of the plate (distance
qestionnaire. The DASH results were Fractures were classified according to the between the screws closest to the fracture
divided into two groups: satisfactory and AO[15] criteria and subsequently divided site) (Figure 1). Additionally, current
unsatisfactory, following the criteria of into simple (type A) and complex (type B radiographs of the humerus in coronal and
Chaitanya and Naveen[9]. Medical records and C), with postoperative radiographs sagittal views were obtained and were also
data were collected about neurological being evaluated according to the following evaluated regarding the status of

function before the surgery and after the parameters: quality of reduction (angular consolidation, presence of loosening or
procedure, the presence of signs of infection ~ deformity and distance between the main failure of the implant, and residual

of the surgical site, status of the fracture fragments), plate size used, number of deformity.

consolidation at six months postoperative, screws on each side of the fixation, and
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Table 2: Association between possible explanatory factors and the outcome of a non-healed fracture of the humerus
Variable W Cramer's V
n %
Female 0 0
Male 3 12.5
Age
2.126 0.27 0.26
< 50 years 2 7.1
? 50 years 1 33.3
- 055 0.08
No 2 8.3
Yes 1 14.3
_Facture L 06 015
Simple 2 13.3
Complex 1 6.3
| Associatedlesion | | |
0.301 1 0.1
No 2 12.5
Yes 1 6.7
Radial Apraxia | | |
0.727 0.42 0.15
No 2 7.7
Yes 1 20
 DasH L,
Satisfactory 1 4.3
Unsatisfactory 2 25
SF12-PCS I
- 0.639 1 0.14
Satisfactory 3 11.5
Unsatisfactory 0 0
SF12-MCS I
. 6.271 0.06[1] 0.45*
Satisfactory 1 3.8
Unsatisfactory 2 40
[*] moderate size of effect
[*] significance threshold
p-value: Fisher's Exact tes
GIE - gunshot-induced etiology
Percentages in relation to the categories of the variables considered as explanatory factors.
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Variable

GIE with Radial Apraxia

Other patients

Total

Unsatisfactor
y DASH

Satisfactory
DASH

-82.1
8 23

[*] Statistically significant relationship
p <0.,05 - Fisher's Exact test
GIE - gunshot-induced etiology

9.549

Table 3: Comparison of clinical evaluation, radiographic measures, and functional scores of patients with healed and non-healed fractures

Cramer’s V

0.01[*] 0.55

Surgical technique

The patient was placed supine and given
general anesthesia associated with
interscalene brachial plexus block, and
antibiotic therapy was carried out with one
gram of intravenous cefazolin after
anesthesia. The surgical technique used was
similar to the technique described by Livani
and Belangero[20]. Proximal access was
gained, in an incision of approximately 3 to
S cm, between the brachial tendon of the
biceps muscle and the tendon of the deltoid
muscle. Soon after, distal access was gained
in an incision of about 3 to 5 cm between
the biceps and the brachialis muscle. After
visualization of the lateral cutaneous nerve
of the forearm, the brachialis muscle was
separated longitudinally. Narrow DCP
plates were used, 4.5 mm (10 to 16 holes),
which were inserted from proximal to distal,
arm placed in the reduction position, one
screw inserted distally and another
proximally. At least two more screws, one
proximal and another distal, were inserted
for final fixation. After surgery, patients were
encouraged to actively move the shoulder
and the elbow, without load. Outpatient
control was conducted at two and six weeks
and at three and six months for functional
and radiographic reevaluation looking for
signs of consolidation.

Outcomes

The primary outcome was the presence or
absence of fracture healing at the time of
reevaluation (minimum 6 months).
Secondary outcomes were the presence of
complications, clinical-functional results via
the DASH[24] scale, the visual analog score
(VAS)[32] for pain, and the quality of life
measured by the SF-12 questionnaire[7].

Statistical Analysis

Quantitative variables were described via
mean and standard deviation, and
qualitative variables via absolute frequency
and percentages. Due to the sample size, we
opted for the use of nonparametric tests. To
test differences between groups in relation
to the quantitative variables, we used the
Mann-Whitney U test. The effect size was
evaluated using Cohen’s d, using the
weighted standard deviation, with the
following classification for interpretation
being adopted: 0.20 - 0:49: Small; 0.50 -
0.79: Medium; > 0.80: Large.[10] To test
differences between proportions, Fisher's
exact test was used. In this case, the effect
size was evaluated using Cramer's V, with
the following classification for
interpretation being adopted: 0.10 - 0.29:
Small; 0:30 - 0.49: Medium; > 0.50: Large.
[10] All analyses were done with IBM SPSS
V24 (IBM Corp., Armonk, NY) statistical

software. The value of p <0.05 was adopted
for statistical significance. For the variables
where this study found a tendency of
significance, using the G*Power 3.1
software, the sample size was calculated in
order to find statistically significant
relationships.[13]

Results

Of the 31 participating patients, the mean
follow-up time was 19.3 £ 6.1 months. All
were right-handed (n = 29; 93.5%), except
two. The fracture occurred in the left
humerus, in 17 patients (54.8%), and the
right humerus, in 14 patients (45.2%). The
mean elapsed time until surgery was 6.4 +
7.0 days, ranging from 0 to 32 days, with a
median of five days. The most common
cause of the fractures was a car or
motorcycle accident (n = 14; 45.2%) and
the other causes were: gunshot (n = 7;
22.6%), simple fall (n = 6; 19.4%), and fall
from a height or direct trauma (n = 4;
12.8%). The fractures were classified as A in
15, B in 12, and C in 4 cases, grouped into
simple (n = 15; 48.4%) and complex (n =
16; 51.6%). Fifteen (15) patients (48.4%)
had associated lesions, such as: radial nerve
apraxia (n=5; 16.1%), other fractures of the
same segment (n = 2), and other lesions (n
= 8). The mean range of motion (ROM) of
the shoulder was 167° of elevation (+
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Variable

GIE

Radial Apraxia
Non-healed Outcome
Time until Surgery
Number of Screws
Screw Density
Shoulder Elevation
Elbow Flexion
Muscle Strength
SF-12 PCS

SF-12 MCS

Pain

GIE - gunshot-induced etiology

(n=8)

Table 4: Variables associated with functionality in patients after humeral surgery

Unsatisfactory DASH | Satisfactory DASH
(%) (%)

(n=23)

Size of
Effect

[*] Significant difference p < 0.05 via Mann-Whitney test
[t] significance threshold Mean + Standard Deviation
Size of Effect - a: Cramer's V; b: Cohen's d

42.9 20.8 0.43 0.21a

60 19.2 0.09t 0.34a
66.7 214 0.16 0.31a
9.4+5.7 54+7.2 0.008[*] 0.57b
42+05 49+09 0.09[t] 0.83b
0.32+0.04 0.38 £0.08 0.09t 0.81b
136.0 £55.0 178.0+7.0 0.001* 1.45b
109.0 + 30.0 131.0+13.3 0.07t 1.14b
42+14 48+04 0.2 0.76 b
41.8+7.2 49.0+ 8.6 0.01* 0.85b
46.4 +14.8 54.0 + 8.5 0.12 0.71b
47+14 1.0+£1.9 <0.001 201b

32.88°), 57° (* 32.88°) of lateral rotation,
and internal rotation with mean vertebral
level T6 (only four patients had no internal
rotation to the thoracic level). In the elbow,
the mean ROM was 125° (+ 21.05°) in
flexion and -5° (+ 12.36°) in extension.

We found, in our sample, a 90.32% healing
rate (28 patients) (Figure 2), with mean
values of DASH = 19.2 (£ 29.6), SE-12 PCS
=47.1(£8.7), SE-12 MCS = 52.1 (+ 10.7),
and VAS =2.0 (+ 2.4) (Table 1). Non-
consolidation of the fracture occurred in
three patients (9.7%), with two
pseudoarthroses and one loss of reduction
after osteosynthesis, and all underwent
ORIF with plates and screws. Eight patients
(25.8%) had an unsatisfactory DASH, five
patients (16.1%) had an unsatisfactory SF-
12 PCS, and five patients (16.1%) had an
unsatisfactory SF-12 MCS. Among the
patients with primary radial nerve apraxia,
two did not recover from the injury.
Secondary radial nerve apraxia occurred in
two patients, who achieved full recovery of
function (mean 3.5 months).

The comparison of plate characteristics,
working length, and clinical-radiological and
functional scores of the patients are
presented in Tables 1 and 2. The patients
who did not consolidate the fracture

presented greater coronal deviation (d =
2.2), less muscle strength (d = 2.2), and
lower shoulder elevation (d = 1.8), with the
differences being statistically significant,
and the observed size of effect being of high
magnitude. Considering the variables with a
moderate threshold of significance and size
of effect, the data suggest that patients who
failed to heal the fracture have a greater
deviation > 5°, less shoulder rotation, less
flexion and extension of the elbow, a higher
percentage of unsatisfactory DASH, and a
lower SF-12 MCS. For the other variables,
no statistically significant differences nor
important effect sizes were observed.
Comparing the patients with gunshot-
induced etiology (GIE) vs. other causes, it
was observed that patients with a gunshot
wound had a higher percentage of complex
fractures (X2 = 8.477; p = 0.007; V =0.52),
a higher percentage of associated lesion (X2
=5.044; p = 0.04; V=0.40), a higher
percentage of radial apraxia (X2 = 4.775; p
=0.06; V =0.39), a higher percentage of
deviation > 5° (X2 =6.178; p=0.03; V =
0.45), and a lower mean age (27.4 8.4 vs.
37.6 £ 15.0 years, p = 0.05). After
stratification of the patients with GIE and
with radial apraxia, a higher percentage of
these patients with an unsatisfactory DASH

were observed when compared to other
patients with an unsatisfactory DASH
(100.0% vs. 17.9%, respectively) (Table 3).
In addition, patients with GIE and radial
apraxia presented less shoulder elevation
(97.0+76.0vs.175.0 £ 13.0; p=0.02; d =
1.75) and greater pain (4.7 +2.3vs. 1.7 +
2.3; p=0.04; d = 1.30) when compared
with the other patients, respectively. From a
practical point of view, the differences
observed were of high magnitude. On the
other hand, no association was observed
between the SF-12 classification and the
etiology of the lesion.

Table 4 presents possible predictors of the
disabilities assessed by the DASH in
patients after surgery. It was observed that
patients with an unsatisfactory DASH
showed greater elapsed time until surgery,
less elevation of the shoulder, lower scores
on the physical component of the SF-12,
and higher pain scores. The differences seen
were statistically significant and the
observed size of the effect was of high
magnitude. Although they did not attain
statistical significance, the presence of radial
apraxia and the non-consolidation of the
fracture presented a relation with the
unsatisfactory DASH of moderate
magnitude (Cramer's V = 0.34 and 0.31,
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respectively). Furthermore, the data suggest
that patients with an unsatisfactory DASH
have a lower number and density of screws,
less elbow flexion, less muscle strength, and
a lower mental component of the SF-12.
Although statistical significance was not
observed, the effect size was high magnitude
for these variables.

For the variables where this study found a
tendency of significance, and considering
the 10% prevalence of non-union, 80%
power, significance level of 5%, and a
moderate size of the effect (Cramer's V =
0.31 to 0.34) between the risk factor and the
non-consolidation of the lesion, a sample
size between 68 and 82 patients is estimated
for statistically significant associations to be
found.

Discussion

Humeral shaft fractures account for 5% of
all fractures and the main treatment is still
nonsurgical.[30] Nevertheless, this method
can result in unsatisfactory clinical
outcomes, non-union, and limited range of
motion.[9,25] Surgical treatment with
MIPO uses the principle of relative stability,
enhancing healing,[38] and is a viable
treatment option. We found involvement in
77.41% of men and a mean age of 35 years,
with the fracture more common on the non-
dominant side (54.83%), and that motor
vehicle accidents (n = 10; 33.25%) and
injuries by firearms (n = 7; 22.58%) were
those mainly responsible for the fractures,
similar to epidemiological data in the
literature.[23,40,42] According to the AO
classification, we found a higher incidence
of type A (n = 15; 48.38%), followed by
type B (n=12;37.50%),and C (n=4;
12.90%), similar to the data in the
literature.[38,40]

According to Tanaka[39], in the MIPO
osteosynthesis, two factors are used to
determine the length of the plate: the
pattern of the fracture and the extent of the
fracture line. The ratio of the plate length
and the extent of the fracture line should be
2 or 3 in those with complex type and 8 to
10 in simple ones.[39] In this study we
adopted a standardization of the working
length in the X-rays, similar to the length of
the initial fracture line. We evaluated the
relationship between the implant size and
the working length and found the mean
value of 1.7, with no statistically significant

differences observed between the healed
and unconsolidated groups (p = 0.55). As to
the screw density, we found a mean of 0.37,
which is in accordance with the values
below 0.5 that are recommended,[39] and
observed no statistically significant
differences between the healed and
unconsolidated groups (p = 0.47).

Large deviations of fragments can change
the pattern of fracture healing, and the
function. According to Perren[29], the
elastic internal fixation is compatible with
indirect fracture healing if there are no high
levels of strain, which depends on the ratio
between the length of the fracture zone and
the displacement of the fragments.
According to the same theory, strain values
above 10% induce bone resorption from the
fracture site, inhibiting consolidation.
According to Shields[36], residual angular
deformity of up to 18 degrees in the sagittal
plane and up to 27 degrees in the coronal
plane had no statistical correlation with
DASH or patient satisfaction level. In
patients where there was no consolidation,
we observed major deviations in the
anteroposterior radiograph (d = 2.2), with
statistically significant differences, and the
observed size of the effect was of high
magnitude.

The most common complication of
diaphyseal fractures of the humerus is radial
nerve palsy, occurring in 2 to 17% of the
cases 24, and according to Samardizc et
al.[33] it can be divided into two types:
primary, upon diagnosis of the fracture, and
secondary, which arises after surgery. The
management of primary apraxia associated
with fractures with surgical indication is
controversial. According to Liu et al.[19],
the recovery of the radial nerve function in
an acute fracture of the humeral shaft does
not depend upon the initial approach.
Pailhé et al.[28] state that the primary
moment of fixation is ideal for exploring the
radial nerve path in search of contusions or
entrapments. Shao et al.[34] does not
advise early exploration due to the high rate
of spontaneous recovery, indicating it only
after 3 months and with signs of fracture
healing. Pailhé et al.[28] states that the open
approach with reduction and fixation with
plate and screws in fractures with primary
apraxia provided recovery of function in
75% of the cases, in a period of three days.
Livani and Belangero[21] used the MIPO

technique combined with primary
exploration of the nerve path and reported
consolidation of all fractures in 3 months,
with nerve paralysis recovery in all patients.
We note that the five patients with primary
apraxia underwent MIPO without primary
exploration of the radial nerve, with bone
healing in four cases and recovery of
function in three. The choice of the MIPO
technique without primary exploration of
the nerve was also described by Kim et
al.[17], who reported 36 patients treated
with the MIPO technique, with four
presenting primary neurapraxia, and that
recovery of function occurred in all of them.
In open fractures with radial nerve paralysis,
Pidhorz[30] states that the exploration
should be performed if the fracture requires
surgical correction. According to Carrol et
al.[8], there is an indication for exploration
of the radial nerve in cases of fractures
caused by firearm projectiles or penetrating
wounds. However, Dougherty et al.[ 12]
states that surgical stabilization of the
fracture depends on the surgical team, the
degree of bone injury, and the resources
available at the time of treatment. According
to Bumbasirevi et al.[6], 94% of his patients
with fractures had recovery of their case,
with low rates of pseudoarthrosis, leading
the author to recommend no initial
exploration. We found that patients with
GIE and radial apraxia had a higher
percentage of unsatisfactory DASH
compared to other patients. Moreover, they
had lower elevation of the shoulder and
greater pain complaints. We set a standard,
from these results, that in cases of displaced
fractures of the humeral shaft from GIE and
with clinical radial nerve injury, the fracture
is to be stabilized using the MIPO
technique, with exploration of the radial
nerve.

Overall evaluation of patients with
functional and quality of life scores is
important for measuring results of surgical
treatment in trauma. Chaitanya 9 validated
the use of the DASH in patients with
humeral shaft fractures. Kiely et al.[ 16]
showed that the SF-12 can be used to assess
quality of life in trauma victim patients,
however, the mental component (MCS)
proved to be minimally responsive to
changes. Our results suggest that patients
who do not consolidate present a higher
percentage of unsatisfactory DASH, and a
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lower-SE-12 MCS. Shields et al.[35]
affirmed that among the independent
variables predictive of DASH and SF-12, in
patients with a humeral shaft fracture,
increasing age influenced the result. This

was not corroborated in our study, since we

observed that patients with an
unsatisfactory DASH presented lower
scores on the physical component of the
SE-12, and higher pain scores, with
statistically significant differences. As
limitations of the study we note the
retrospective nature, loss of some data such
as initial radiographs of some patients,
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