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ABSTRACT

Introduction: Humerus shaft fractures may be treated conserva-
tively or surgically. In 2.5% to 13% of cases, nonunion is observed,
and it leads to severe pain and morbidity. Plate osteosynthesis
has become popular in the treatment of nonunion of the humeral
shaft. In this study, we compared the clinical outcomes of patients
with humerus shaft nonunion whom we treated with single- or
double-plate fixation. Materials and Methods: Fifty-three patients
diagnosed with aseptic humeral shaft nonunion and treated with
plate fixation were included in the study. Patients were evaluated
according to the number of plates (single vs. double plates). The
two groups were subjected to statistical evaluation according
to their clinical and radiographical results. Results: The average
age of the patients was 53 years (range: 1-86); 28 (52.8%) were
female and 25 (47.2%) were male. The union rate was 90.32%
for single plate and 90.91% for double plate fixation. There was
no statistically significant difference between single and double
plates in the clinical and radiographical results (union time, union
rate, Q-DASH score) (p > 0.05). There was a significant correlation
between age and union times / Q-DASH scores according to
the Spearman correlation test (p < 0.05). Transient radial nerve
neuropraxia developed in 2 patients and 1 patient suffered from
an infection that was treated with debridement and antibiotic
therapy. Conclusion: In our study, similar good results were
obtained with single and double plates. In treatment of humeral
shaft nonunions, a second plate is not needed if enough stabil-
ity is provided with single plate fixation. Level of evidence lll,
Retrospective comparative study.
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RESUMO

Introdug&o: As fraturas do corpo do Umero podem ser tratadas de
modo conservador ou cirdrgico. Em 2,5% a 13% dos casos, observa-se
pseudoartrose, que causa dor intensa e morbidade. A osteossintese com
placas tornou-se popular para tratamento da n&o unido da diafise do
umero. Neste estudo, comparamos o0s resultados clinicos de pacientes
com pseudoartrose do corpo do umero que tratamos com fixagao de
placa simples ou dupla. Materiais e Métodos: Cinquenta e trés pacientes
com diagnostico de pseudoartrose asséptica do corpo do Umero
tratados com placa de fixagéo foram incluidos no estudo. Os pacientes
foram avaliados de acordo com o numero de placas (placa simples
vs. dupla). Os dois grupos foram submetidos a avaliag&o estatistica
de acordo com seus resultados clinicos e radiograficos. Resultados:
A média de idade dos pacientes foi de 53 anos (variagdo: 1 a 86); 28
(52,8%) eram do sexo feminino e 25 (47,2%) do sexo masculino. A taxa
de uni&o foi de 90,32% para placa simples e 90,91% para placa dupla.
N&o houve diferenca estatisticamente significante entre a osteossintese
com placas simples ou duplas nos resultados clinicos e radiograficos
(tempo de uniéo, taxa de consolidagéo e escores do Q-DASH) (p > 0,05).
Houve correlagéo significativa entre idade e tempo de unido/escores
do Q-DASH, de acordo com o teste de correlagao de Spearman (p <
0,05). A neuropraxia transitéria do nervo radial desenvolveu-se em dois
pacientes e um paciente teve infecg¢éo tratada com desbridamento e
antibioticoterapia. Conclusdes: Em nosso estudo, resultados igualmente
bons foram obtidos tanto com placas simples quanto duplas. No tra-
tamento de pseudoartroses do corpo do umero, uma segunda placa
n&o é necessaria se houver estabilidade suficiente com a fixagdo com
placa tnica. Nivel de evidéncia Ill, Estudo comparativo retrospectivo.
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INTRODUCTION

Humeral shaft fractures constitute 3-5% of all fractures and conser-
vative treatment results are generally good."22 The nonunion rate
after humeral fracture ranges from 2.5% to 13%.*® When nonunion
is not treated, daily life is severely restricted due to pain and the
patient’s inability to use the affected limb. Nonunion must be treated
surgically in cases of humeral shaft fractures.®”

Several methods have been described in the treatment of humeral
shaft fracture nonunion such as plate fixation, intramedullary nailing
or external fixation.®® Today, plate fixation is more commonly pre-
ferred in the treatment of aseptic nonunion.®'° Grafting and fixation
are recommended with a narrow dynamic compression plate with at
least seven screws with 4.0-4.5 mm diameter."">However, fixation
with double plates can be performed in patients who are elderly,
have osteoporosis, have undergone multiple surgeries, or have
fractures in the proximal or distal shaft that cannot be fixed with a
total of seven screws.'®™

In this study, we compared demographic data of the patients with
humeral shaft nonunion who were treated surgically in our hospital.
We also wanted to evaluate the union rates and clinical scores of
shoulders of patients treated for humeral shaft nonunion with single
or double plates. The aim of this study, was to evaluate the need for
an additional plate and advantages or disadvantages of a second
plate for humerus shaft nonunions.

Patients and methods

The humerus diaphyseal region was defined as the area between the
pectoralis major attachment point and the epicondylar line. Patients
who did not achieve union within six months with conservative
or surgical methods and who were followed for at least one year
after surgery were included in the study. Pathological fractures,
infected cases of nonunion, type 3b or 3¢ open fractures, patients
whose skeletal maturity was not yet complete, and patients with
intraarticular extension fractures were excluded from the study.
Clinical evaluation of the patients was performed according to the
Quick DASH (Disabilities of Arm, Shoulder, and Hand) (Q-DASH)
score. Bone union was evaluated radiologically with bone callus
formation and bone bridges in at least three cortices and clinically
regression of pain in the fracture site.

Patients treated with plates with the diagnosis of humeral shaft
nonunion were identified from the hospital records. This examina-
tion identified 57 patients who had plate osteosynthesis due to
nonunion of humeral shaft fractures. Four patients were excluded
from the study because their radiological and clinical records were
incomplete. Thus, 53 patients were included in the study.

All of the patients were operated on in our clinic by three orthopedic
surgeons. The surgeries were performed with a single plate for 31
patients and with double plates for 22 patients.

The fracture site of the patients was proximal in 9 cases, middle
in 30 cases, and the distal shaft in 14 cases. Seven patients had
hypertrophic and 46 patients had atrophic nonunion. Nonunion
developed in 14 patients after conservative treatment, in 34 patients
who had one surgery (plate in 18 cases, intramedullary nailing in
12 cases and external fixator in 4 cases), and in five patients who
had multiple surgeries. The average time from the fracture to the
last surgery was 19.49 months (range: 6-108).

For single-plate fixation, narrow plates and screws with 4.5 mm
diameter were used. Plates were applied through a lateral incision
to the anterolateral aspect of the bone. (Figure 1) In double-plate
fixation, plates of 3.5 mm were applied to the anterolateral and lateral
sides with a lateral incision. (Figure 2) An iliac crest autograft was
applied in both groups. The radial nerve was exposed in all patients
and interposed in the soft tissue at the end of the surgery. (Figure 3)
Patients used a long arm splint for two weeks postoperatively, and

Page 2 of 4

Figure 1. A) X ray of a 50 year old female patient with left humerus
fracture due to falling. B) Open reduction and fixation with 4.5mm DCP
plate. C) Nonunion on the ninth month. D) Grafting and fixation with a
single plate in treatment of nonunion.

Al

Figure 2. A) AP humerus view showing nonunion of a 54-year-old female
patient, whose humerus diaphysial fracture was treated with intramedullary
fixation B) Lateral humerus view showing nonunion C) AP humerus view of
the patient on early postoperative period nonunion treated by fixation with
double plates. D) Lateral humerus view of the patient on early postoperative
period E) AP humerus view showing union on postoperative sixth month.
F) Lateral humerus view showing union on postoperative sixth month.

Figure 3. A) Intraoperative image of the patient treated with grafting
and fixation with double plates. Second plate was bended in order to
compress the graft. B) The radial nerve was exposed and protected.

after the stitches were removed and soft tissue edema decreased,
the splint was removed and physical therapy was started.

For statistical evaluation, the data were uploaded to Microsoft Excel,
and SPSS 17 was used for data analysis. The patients were divided
into groups as those treated with a single plate or double plates.
The Shapiro-Wilk normality test was applied to decide which tests
should be used to compare the numerical data between these
groups. According to normality test results, numerical data (age,
Q-DASH score, union time, interval from fracture occurrence to time
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of last surgery, follow-up time) were compared between the two
groups employing nonparametric Mann-Whitney “U” test. Cross
tables were created for analysis of categorical data (gender, side,
presence of union, nonunion type). For the analysis of categorical
data Pearson’s chi-square test was used. When the expected
frequency was less than five in at least one cell of the cross table,
Fisher's exact test was applied. Correlations between age, Q-DASH
scores, and union times were checked by Spearman’s correlation
test. For all tests, p < 0.05 was accepted as statistically significant.

RESULTS

The mean age of all patients was 53.09 (range: 21-86) years, and
52.8% (n = 28) of the patients were female while 47.2% (n = 25)
were male. In 45.3% (n = 24) of the patients, nonunion was present
in the right humerus and in 54.7% (n = 24) nonunion had occurred
in the left.

When patients treated with single plates and double plates were
compared, there was no statistically significant difference between
the mean ages of the two groups according to the Mann-Whitney
U test (p = 0.162, p > 0.05). There was no significant difference
between gender and side distribution between the two groups
according to Pearson’s chi-square test (p = 0.442 and p = 0.561,
p > 0.05). (Table 1)

There was no statistically significant difference in types of nonunion
(atrophic vs. hypertrophic) between the two groups according
to Fisher's exact test (p = 0.431, p > 0.05). The intervals from
fracture occurrence to time of last surgery were compared with
the Mann-Whitney U test and no statistically significant difference
was found (p = 0.136, p > 0.05). (Table 1)

The patients were followed for an average of 39.24 months (range:
12-133). The mean Q-DASH score of the patients was 19.45 (range:
0-81.18). In 5 patients we could not achieve union (9.43%). Thus,
the union rate was 90.57%. Union was achieved in an average
of 5.10 (range: 3-12) months. Comparisons of follow-up times,
Q-DASH scores, and union time averages between groups were
performed by Mann-Whitney U test. In statistical evaluation, no
significant difference was found between the groups (p = 0.130,
p =0.792, and p = 0.525). The difference between the union rates
of the two groups was evaluated with Fisher’s exact test and no
statistically significant difference was found (p = 0.662, p > 0.05).
(Tables 1 and 2)

A statistically significant correlation was found between the Q-DASH
scores and union times according to age of the patients by Spear-
man’s correlation analysis (p = 0.037, p = 0.000, p < 0.05).

Table 1. Comparison of general demographics of the patients.

Single plate Double plate p value

Age (years) 50.52 +/-17.27 56.73 +/- 15.85 0.162*
Male  [16] %5161 |9] %4091

Gend 0.442"
e ™ Female |15] %4839 |13]  %59.00
Right 13| %4194 |11  %50.00

Sid 0561 **
ae Left  |18] %5806 11|  %50.00
Proximal | 6| %1935 |3| %1364

Region | Middle |20| %6452 |10] %4545 0.131*
Distal  |5| %1613 |9| %4091

Nonunion Atrophic |28  %90.32 18]  %81.82 0431+

type | Hypertrophic | 3 %9.68 4| %18.18 '
Follow up fime (months) | 41.05+/-20.02 | 37.97+/-31.94 0.130°
Duration of nonuion | 55 554 24,73 | 16.844-1704 | 0.136"
(months)

*:Mann-Whitney U test. **: Pearson’s chi-square test. ***: Fisher's exact test
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Table 2. Comparison of clinical and radiological results of the patients.

p value

Q- DASH score g'; 21(?:; :// 12222 0.792*
Union time (months) SI; ::g :; ;gi; 0.525*
Union status S:: :Zgg:?t; Zzzgg 8 0.662**

[S.P. (single plate), D.P. (double plate)]. *: Mann-Whitney U test. **: Fisher’s exact test.

Postoperative radial nerve neuropraxia developed in two patients
with single plates and one patient with double plates. At the end
of the 6th month, spontaneous regression was seen in all three
patients. In a patient treated with a single plate, infective drainage
occurred in the postoperative first month. Culturing was performed
and methicillin-resistant Staphylococcus aureus was isolated. The
infection regressed after debridement and antibiotic treatment.
Healing occurred in this patient without the need for plate removal.

DISCUSSION

In the treatment of nonunion of humeral shaft fractures, intramedul-
lary nails, plate fixation, and external fixation options are available.®®
Intramedullary fixation is not recommended in the treatment of
complex nonunion of the humeral shaft.'® External fixation is mostly
preferred in cases of infected nonunion due to the difficulty of
patient compliance.'®”
Today, the refreshing of fracture ends, plate fixation, and bone
grafting have become gold standards in the treatment of nonunion
of the humeral shaft.®'8'® Fixation with a plate and  at least 7 screws
with 4.0-4.5 mm diameter is advised, providing both biomechanically
stable fixation and good compression.®'! The reason for this is
that the most important cause of surgical failure in humeral shaft
nonunion is inadequate fixation."

In a biomechanical study, the humerus was fixed in four different
ways: 1) a single plate, 2) a single plate and an additional inter-
fragmentary screw, 3) double plates, and 4) double plates and
an additional interfragmentary screw. The most stable fixation
was found in the 4th group.'® However, it was observed that there
was no stability difference between the 1st and 3rd groups. This
biomechanical study showed that a well-made single plate can be
as stable as double plates. In another biomechanical study, it was
emphasized that a single plate cannot provide good stability in
patients with a short humerus and a second plate may be needed
in such cases.?

In the literature, regarding the treatment of humeral shaft nonunion,
there are few studies comparing the results of patients with single
and double plates. Double-plate fixation was first performed by
Murray et al. in 1964.2" In a study in which the results of union with
double plates were evaluated, 100% union and an average union
time of 4.6 months were obtained.?? In their clinical and biome-
chanical study, Rubel et al. did not detect any differences between
single-plate fixation and double-plate fixation. They achieved union
in an average of 4.8 months in 92% of their patients."® Similarly, in
our study, the union rate was 90.32% and the average union time
was 4.96 months in patients treated with single plate and the rate of
union was 90.91% and the union time was 5.25 months in patients
treated with double plates.

In their case series, Feng et al. treated 3 of 6 long-term humerus
nonunion patients with double plates and the other 3 with sin-
gle plates and they achieved good clinical results.?® The authors
suggested using a second plate if necessary in the treatment of
long-term humeral shaft nonunion. In our study, the interval from
fracture to the final surgery of the patients treated with double
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plates was 23.23 months on average, and this interval was 16.84
months among that patients with single plates. Although there
was no statistically significant difference between the two groups
(p = 0.136, p > 0.05), patients treated with double plates had on
average a longer nonunion time.

Age is also an important factor in long-bone nonunion treatment.?*
The complication rate is expected to be high in these patients due
to both bone quality deterioration and concomitant diseases.?®
Therefore, applying two plates may provide better stabilization in
cases of nonunion in the elderly or osteoporotic patients."'32¢ |n
a biomechanical study, one plate with 8 holes was applied to the
lateral aspect of the humerus and one plate with a different number
of screws was applied to the anterior one. The authors suggested
a combination of 8-4 screws in young patients and 8-8 in elderly
osteoporotic patients." In two clinical studies focusing on elderly
and osteoporotic humeral shaft nonunion, the union rates of the
patients were found to be over 90%. >2” Nonunion treatments were
mostly performed with a single plate, but special plates (blade
plates, wave plates) and double plates were also applied. In both
studies, it was stated that the results were good when more stable
fixation was obtained in osteoporotic and elderly patients.

There are also studies suggesting strengthening the bone and
increasing stability.”?82° Those researchers aimed at increasing

the stability of the bone quality by extramedullary or intramedullary
strut grafts and were generally successful.

The limitations of our study are its retrospective design and the
relatively small number of patients. Prospective randomized studies
on the treatment of humeral nonunion should be conducted with
higher numbers of patients. On the other hand, at the literature most
of the studies on humeral shaft nonunions are case series. Inour
study two different methods of plate fixation is compared statistically.

CONCLUSION

The importance of stabilization has been understood in the treatment
of humeral shaft nonunion. When good stabilization is achieved
with a single plate, it gives clinical results that are as good as
those ones of double plates. Presence of additional plate doesn’t
have a significant effect on clinical and radiological outcomes.
In cases in which stabilization cannot be achieved with a single
plate, such as in osteoporotic and elderly patients, in patients with
fractures close to the proximal or distal shaft ends, or in patients
with a short humerus, additional stabilization with a second plate
may be an alternative. Disadvantage of a second plate can be
thought as; extended approach and extra cost of the plate. We
think that additional plate is not needed in treatment of humeral
shaft nonunions.
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