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Abstract:
Background: Comminuted proximal ulna fractures encompassing both complex olecranon and Monteggia
patterns are difficult to treat because of instability, disruption of the articularity, and require fixation to enable
mobilization. Locking plate technology is more stable, especially the multi-fragmentary fractures.
Purpose: To compare the clinical and radiological outcomes of locking plate fixation in comminuted proximal
ulna fractures.
Methodology: This was a prospective observational study, where 18 adult patients with comminuted fractures of
the proximal ulna and treated with locking plates were included. Clinical and radiological evaluations were made
at 2 weeks, 6 weeks, 3 months and 6 months. The results of the measured outcomes were range of motion,
supination-pronation, fracture union, complications, and functional recovery based on the Mayo Elbow
Performance Score (MEPS).
Results: Olecranon fracture patients (n=13) showed progressive improvement, with mean flexion-extension arc
increasing from 76.5° at 6 weeks to 106.3° at 6 months, and MEPS improving from 80.6 to 88.7. Monteggia cases
(n=5) demonstrated similar gains, with arc motion improving from 78.9° to 108.2° and MEPS from 82.9 to 93.2
by 6 months. All patients achieved radiological union with no major complications.
Conclusion: Locking plate fixation ensures stable anatomical reconstruction, facilitates early mobilization, and
results in favorable functional and radiological outcomes in comminuted proximal ulna fractures.
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Introduction

Olecranon fractures of the proximal one-third of the Traditionally, tension band wires techniques to-
ulna constitute an important group of adult elbow in- gether with Kirschner wires have been effective in
juries and a very broad spectrum of patterns includ- the treatment of such fractures based on the biome-
ing isolated olecranon fractures and more complex chanical principle of tension forces converted to
Monteggia fracture-dislocations. Such injuries are a compression at the articular surface during the pro-
serious challenge to orthopedic trauma surgeons due cess of elbow flexion [3]. This traditional method
to the complexity of the anatomy of the elbow, func- has been proven to have positive results in cases
tional requirements of the joint and the need to pro- when it is used properly, and some studies confirm
vide stable fixation to allow early mobilization. this method to be effective in achieving stable fixa-
Ulna, especially in its proximity at the end, is a very tion and early range of motion. Nevertheless, tension
important component of the elbow as far as stability, band wiring is one of the most common forms of
articulation, and force transmission through the joint wiring that is mostly accepted in simple olecranon
are concerned. Fractures in the area therefore require injuries, but it is much less applicable in an environ-
close assessment and a strategized way of handling ment of comminuted or unstable fracture types [4].

them in order to be able to achieve optimum func-

tionality [1,2]. There was noted to be a rise in the rate of complex

fractures of the proximal ulna (with severe commi-

Olecranon fractures are the significant group of nution, multi-fragment fractures, and correlated dis-
proximal ulna fractures. Most of these fractures are rupted coronoid process or radial head) and Monteg-
simple or transverse fractures with little or no com- gia fracture variants in recent years. The mechanism
minution, and  usually three  fragments. commonly involved in these high-energy injuries is
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motor vehicle collisions, height-related falls or di-
rect trauma, which cause significant soft-tissue dam-
age and structural instability. These injuries are
quite technically challenging to manage and even
with the development in the surgical methods and
the type of implant used, there are still no consistent
results. The main objectives of the surgeon in the
treatment of these injuries are to correct the ana-
tomic position of the articular surface, stable fixa-
tion during the healing period, union as well as sat-
isfactory recovery of the elbow function [5,6].

The importance of early mobilization in the treat-
ment of proximal ulna fracture is seen in the fact that
the elbow is predisposed to stiffness and develops
periarticular adhesions very quickly. A delay in re-
habilitation may lead to severe functional re-
strictions, reduction in range of motion, and perma-
nent disability. The method of fixation, therefore,
should give adequate stability to sustain physiologi-
cal loads and at the same time allow early joint mo-
tion. Stable fixation also aids in the reduction of
complications like hardware failure, loss of reduc-
tion, and malunion.3,4 Where there is severe com-
minution with the fracture bits being small or the an-
terior cortex being absent, the traditional techniques
like tension band wiring may not be sufficient to op-
pose the deforming forces on the proximal ulna [7].

In these reasons, plate fixation, especially dorsal
plating has become an increasingly accepted gold
standard in the treatment of complex proximal ulna
fracture, including comminuted olecranon fracture,
fracture of the coronoid process, and Monteggia
fracture variant. Modern plate designs are now de-
veloped to fit in the form of the proximal ulna, which
gives them better biomechanical stability, and more
anatomy can be rebuilt. In a number of studies, dor-
sal contoured plates were successfully used in these
types of fractures with encouraging clinical and ra-
diologic results, and high union rates, low rates of
complication and reasonable functional recovery
were reported [8,9]. The plates serve the purpose of
stabilizing the fracture pieces as well as preventing
the development of the deformity in the sagittal
plane by acting as buttress, particularly in fractures
where the anterior cortex is compromised.

Over the past 10 years, there has been a surge in the
use and application of locking plate technology in
the treatment of comminuted proximal ulna frac-
tures due to their introduction. There are a number
of biomechanical benefits associated with locking
plates in comparison to traditional plating systems.
Locking plates offer greater stability by developing
fixed-angle construct of the plate and screws, espe-
cially in osteoporotic bone and multi- fragmentary
fractures where adequate screw purchase can be dif-
ficult to obtain [10,11]. This non-rotationary con-
struction decreases the possibility of secondary dis-
placement and offers a more rigid fixation which can
sustain early mobilization forces.
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Also, the shortcomings of tension band wiring are
especially pronounced when working with commi-
nuted fractures, as in this case approach can lead to
collapsing of the fragments, reduction of the articu-
lar surface of the olecranon, and the lack of congru-
ency of the elbow joint. The resultant biomechanical
failures may then result in impingement as well as
decreased range of motion and degenerative osteo-
arthritis at an early age [12]. Contrarily, shaped dor-
sal plates and especially locking ones, reproduce the
biomechanical action of a tension band, but provide
better resistance to the action of deforming forces.
They spread load evenly over the site of fracture,
contribute to the preservation of reduction, and as-
sist in early mobilization without non-stabilization.

Considering that more and more complex proximal
ulna fractures are seen and the technology of surgi-
cal implantation is changing, it is necessary to assess
the efficacy and clinical results of locking plate fix-
ation. Although the results of available literature are
promising, further studies are essential to optimize
treatment principles, learn the long-term effects, and
possibly see the possibilities of complications pecu-
liar to this type of fixation.

Thus, the current research will compare the clinical
and radiologic outcomes of locking plate fixation in
comminuted proximal ulna fracture. This study aims
to present significant evidence in the optimization of
treatment of these difficult injuries and improved
post-operative outcomes in patients with fractures
and dislocations of the elbows through the determi-
nation of fracture union, restoration of elbow func-
tion, complication rates, and the outcomes of such
operations as reported by the patients.

Methodology

Study Design: It was a prospective hospital based
observational study that was done to determine the
clinical and radiologic outcomes after locking plate
fixation in patients with comminuted proximal ulna
fractures.

Study Area: This was done in the Department of
Orthopaedics, Shankar Chikitsalaya, Kankarbagh,
Patna, Bihar, India

Study Duration: The study was conducted over a
period of one year.

Sample Size: The study was conducted on 18 pa-
tients who had comminuted proximal ulna fractures.

Study Population: The study population consisted
of patients presenting to the emergency and outpa-
tient departments with comminuted fractures of the
proximal ulna, including olecranon fractures and
Monteggia fracture variants, who met the inclusion
criteria.

Inclusion Criteria

e Patients aged 18 years and above.
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e Comminuted fractures of the proximal one-
third ulna (including olecranon fractures and
Monteggia fractures).

e Fracture duration less than one month at the
time of presentation.

e  Patients who provided written informed consent
to participate in the study.

Exclusion Criteria

e Patients with additional ipsilateral upper limb
injuries that could affect functional outcome as-
sessment.

e Patients unfit for surgery due to medical comor-
bidities.

e Open fractures with extensive soft-tissue dam-
age (if applicable to your study design).

e Patients unwilling to participate or unable to
comply with follow-up visits.

Data Collection: The collection of data involved the
use of a structured proforma, which contained de-
tailed demographic data, mechanism of injury, and
presentation of clinical characteristics. Every patient
was examined in detail, a history and examination of
the condition of the injured limb were performed,
and neurovascular examination, a physical examina-
tion. The diagnosis was verified using radiological
assessment consisting of the anteroposterior and lat-
eral radiography of the elbow to classify the type of
fracture. Further studies were also received accord-
ing to the general health condition of the patient and
institutional preoperative guidelines. Intraoperative
information about the type of surgery, implant used
and operative observations were also recorded. Fol-
low-up visits included the systematic documentation
of both clinical and radiological data, such as the
range of elbow motion, pain scales, functional
scales, and progressive manifestations of fracture
healing.

Procedure: Patients were admitted and subjected to
conventional preoperative assessment and optimiza-
tion. Prior to surgery, prophylactic intravenous anti-
biotic was given within a period of one-hour. All op-
eration procedures were done under general/regional
anesthesia. The patients were put in the lateral decu-
bitus position with the affected arm at a padded bar
to enable flexion of the elbow adequately. Olecra-
non fractures were treated by the direct anterior mid-
line approach, and the mode of approach Speed and
Boyd adopted was the Monteggia type. Fixation us-
ing plate locking was done with fluoroscopic guid-
ance in order to gain stable anatomical reduction.
Hospital prescription was carried on with postoper-
ative antibiotics and analgesics were offered as
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needed. There were a promotion of early mobiliza-
tion and the initiation of gentle range-of-motion ex-
ercises of the elbow and shoulder in two weeks after
surgery. Clinically stable patients were usually dis-
charged on the third or fourth day after surgery.

Follow-Up: Patients were reviewed at a given time
interval of 2 weeks, 6 weeks, 3 months and 6 months
after surgery. A full clinical evaluation was carried
out in every visit, and consisted of an evaluation of
pain, joint stability, wound status, and overall func-
tional capability. Functional outcomes were meas-
ured using the Mayo Elbow Performance Score
(MEPS). Radiological assessment was conducted
during the follow-up visits with a minimum spacing
of six weeks between subsequent radiographs to rec-
ord the progress in the healing of the fracture. Frac-
ture union was a condition that was characterized by
the presence of bridging calluses in at least three of
four cortices on orthogonal radiographic views. The
complications which included infection, loss of re-
duction, implant failure, delayed union and non-un-
ion were also evaluated and registered systemati-
cally.

Statistical Analysis: The data were put in a spread-
sheet and power analyzed with standard statistical
software. Demographic variables, fracture charac-
teristics and functional outcomes were summarized
using descriptive statistics which included means,
Standard deviations and percentages. Continuous
variables were represented as the mean values of
variables and the range of values, e.g. MEPS scores.
Chi-square or Fisher exact tests were used to analyse
categorical variables where appropriate e.g. compli-
cation rates. All analyses were taken to have a p-
value of less than 0.05 to be statistically significant.”

Result

Table 1 presents the demographic and clinical char-
acteristics of patients with comminuted proximal
ulna fractures, and as it can be seen, most of the pa-
tients belonged to 31-40 years (27.8%), 41-50 and
51-60 ages (22.2 each). Two-thirds (66.7%), and the
left, more (61.1) were affected in males. As far as
fracture patterns were concerned, the most common
were olecranon fractures, with Mayo ITA (38.9) be-
ing the most common (16.7 and 16.7 respectively).
Monteggia fracture-dislocations constituted 27.8%:
Bado type I (22.2). The general characteristics of the
table indicate a population of middle-aged and
mostly male with more left-sided injuries and mostly
Mayo IIA fractures of the olecranon.
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Table 1: Demographic details of patients with comminuted proximal ulna fractures
Age Groups (Years) Number of Patients Percentage
2130 3 16.70%
3140 5 27.80%
41-50 4 22.20%
51-60 4 22.20%
>60 2 11.10%
Sex
Male 12 66.70%
Female 33.30%
Side Involved
Right 7 38.90%
Left 11 61.10%
Fracture Classification
Olecranon — Mayo I1A 7 38.90%
Olecranon — Mayo 1IB 3 16.70%
Olecranon — Mayo IITA 3 16.70%
Monteggia — Bado | 4 22.20%
Monteggia — Bado II 1 5.60%

Table 2 reveals that there were significant improve-
ments in baseline recovery and functional mobility
of the 13 olecranon fracture patients in the 6 months
follow up. The average arc of flexion-extension rose
continuously at 6 weeks to 92.8 at 3 months and
106.3 at 6 months and the flexion-extension change
(18-94) at 6 weeks to 10 -116 at 6 months. The grad-
ual recovery also indicated in the forearm rotation

where the mean supination and pronation increased
to 72.4 and 69.8 respectively. Functional outcome
was assessed using the Mayo Elbow Performance
Score to demonstrate improvement of functional
outcome on average of 80.6 to 88.7 between 6 weeks
and 6 months, respecting to functional outcome.

Table 2: Post-operative range of motion in Olecranon fracture cases (N =13)
Range of Motion 6 Weeks 3 Months 6 Months
Mean Flexion-Extension Arc 76.5° 92.8° 106.3°
Mean Flexion-Extension Range 18°-94° 12°-104° 10°-116°
Mean Supination 63.2° 69.0° 72.4°
Mean Pronation 60.5° 65.7° 69.8°
Mean Mayo Elbow Performance Score 80.6 85.1 88.7

Table 3 details the demographic characteristic of the
five patients with Monteggia fracture-dislocation.
The majority of patients were young adults, 40% of
them fell in 2130 and 3140 age brackets, and one
patient (20) fell in the 41-50 age bracket. There was
slight majority (60%), which was made up of males,
and 40 percent made up of females. Most of the right

hand was affected (40 percent) than the left hand (60
percent). The comparison made by Bado showed
that the large percentage were Type I (80%), and
only one patient (20%) was Type II pattern, which
shows that anterior radial head dislocation was the
most common type of injury in the cohort.

Table 3: Demographic details of Monteggia fracture-dislocation patients (N =5)
Age Groups (Years) Number of Patients Percentage
2130 2 40%
3140 2 40%
41-50 1 20%
Sex
Male 3 60%
Female 2 40%
Side Involved
Right 2 40%
Left 3 60%
Bado Classification
I 4 80%
11 1 20%
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Table 4 indicates that the five patients who suffered
Monteggia fracture-dislocation recorded a continu-
ous improvement in postoperative elbow function-
ing throughout the period of the follow-up. The av-
erage flexion-extension arc expanded significantly
between 6 weeks with the value of 78.9 to 3 months
with the value of 94.8 as well as 6 months with the
value of 108.2 with corresponding variations in flex-
ion-extension range. There was also an upward trend
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in forearm rotation as the mean supination increased
to 75.0 o C and the mean pronation increased to 70.8
o C with the same period. The Mayo Elbow Perfor-
mance Score indicates functional recovery, which
improved significantly during the 6 weeks and 6
months between 82.9 and 93.2 respectively: during
the progression of healing, pain reduction, mobility,
stability and daily functioning improved.

Table 4: Post-operative range of motion in Monteggia fracture-dislocation cases (N = 5)
Range of Motion 6 Weeks 3 Months 6 Months
Mean Flexion-Extension Arc 78.9° 94.8° 108.2°
Mean Flexion-Extension Range 16°-93° 10°-105° 8°-117°
Mean Supination 65.1° 71.2° 75.0°
Mean Pronation 62.0° 67.0° 70.8°
Mean Mayo Elbow Performance Score 82.9 88.1 93.2

Discussion

The results of the current research can be also com-
pared with the already published results on the treat-
ment of comminuted proximal ulna injuries based on
the fixation of the locking plate, and the results of
the current research provide such points of diver-
gence that can also be used to outline the stability
and dependability of the chosen method. The demo-
graphic profile of the group, including the male pre-
dominance of the participants and age composition
mostly related to the 35-50 years of life, can be char-
acterized as the reflection of the tendency towards
such fractures in the population of active adults hav-
ing a high-energy trauma as the primary risk factor
(Wang et al., 2011) [13], as well as Siebenlist et al.
(2010) [14] who also determined that such fractures
are fairly common among active adults. The left-
sided injuries in the current study are more common
than the laterality of the Niglis et al. (2015) [15]
study that theorized that exchange of the hand dom-
inance and the protective reflex patterns could influ-
ence the laterality of the elbow trauma. The epide-
miological characteristics of the fracture types Mayo
ITA as the commonest olecranon subtype, and Bado
type I as the most common Monteggia pattern also
follows the previous epidemiological studies of
Bado (1967) [16] and subsequently reaffirmed by
Kloen and Buijze (2009) [17] indicating that these
constitute the most biomechanically susceptible pat-
terns under the axial loading and rotational stress.”

The steady increase in the movement of the elbow
as recorded over periods of follow-up is actually the
anticipated course of rehabilitation following stable
internal fixation. Gradual increase in flexion exten-
sion arc and forearm rotation is in line with the find-
ings of Wang et al. (2011) [13] who revealed ana-
tomically contoured locking plates are able to aid
early mobilization and yet do not affect the fracture
alignment. Correspondingly, the results of Siebenlist
et al. (2010) [14] highlighted that the precontouring
of plates anatmically enhances the distribution of
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loads and reduces postoperative stiffness and this
has been reiterated in the present cohort where both
olecranon and Monteggia cases had significant re-
covery on the sixth month. This small difference in
the early postoperative range of motion could be at-
tributed to variations in the involvement of the soft
tissues, and this conclusion is consistent with the
discussion of Ring et al. (2004) [6], who emphasized
that posterior Monteggia lesions frequently permit
the immediate reestablishment of the range of mo-
tion of the joint after the anatomical restoration of
the ulna has been achieved.

The union periods approximated to be 16.1 weeks in
olecranon fracture and 14.3 weeks in Monteggia in-
juries are within the range of the other investigators.
The mid-term point of union of 15 weeks was re-
ported in Wang et al. (2011) [13] whereas union
within 12-16 weeks was observed in Siebenlist et al.
(2010) [14] based on fracture pattern and comminu-
tion level. This agreement supports the perception
that locking plate structures offer sufficient rigidity
that can be guaranteed to heal predictably even in
complicated fracture morphologies. The steady in-
crease in the Mayo Elbow Performance Score
throughout the follow-up visits also supports the
previous results of Niglis et al. (2015) [15] and
Kloen and Buijze (2009) [17], who also reported
high numbers of good-to-excellent outcomes after
the dorsal plating procedures. Olecranon injuries in
the current paper recorded a mean MEPS of 89.3 and
Monteggia had 93.8 which is more or less similar to
the 85-95 range in comparable groups of patients.
The slightly increased functional scores in Monteg-
gia lesions as complex as they was already reported
by Li et al. (2009) [18] who explained these results
by the recovery of proximal radioulnar joint dynam-
ics after anatomical realignment of ulna.

Another aspect of consistency with the previous
studies is presented by the patterns of forearm rota-
tion recovery in this cohort. The mean values of su-
pination and pronation of about 7075 degrees are
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very close to the values observed by Wang et al.
(2011) [13] and Kloen and Buijze (2009) [17], who
concluded that locking compression plates provide
enough stability to prevent angular deformity that
would otherwise impair rotational mechanics. The
initial restriction of rotation then progressive nor-
malization in the course of the present study is in-
dicative of the nature of the rehabilitation curve gen-
erally found in the literature in which the soft-tissue
adaptation and progressive loading play a role in
functional accrual above the simple union of a frac-
ture.

Another useful sphere of comparison with literature
is the rates of complications. The current observa-
tion of delayed union in one out of five cases is
higher than that of Yang et al. (2011) [19] who noted
that delayed healing of comminuted fractures of in-
terest treated with internal fixation is 11 percent. No-
tably, the fact that there were no significant compli-
cations, including nonunion, deep infection, or im-
plant failure, echoes the results of Fyfe et al. (1985)
[7] and Gordon et al. (2006) [8], who also added that
locking constructs decrease fatigue failure and hard-
ware migration through enhanced angular stability.
The low percentage of extension lag in this study is
also consistent with previous results reported by
Niglis etal. (2015) [15] who observed that small def-
icits in terminal extension are common but not usu-
ally disabling provided a stable fixation allows early
rehabilitation.

The overall positive trends of recovery in both olec-
ranon and Monteggia injuries highlight the primacy
of anatomical reduction, stable fixation and system-
atic rehabilitation -principles long prioritized in an
influential literature by Hak and Golladay (2000) [1]
and Quintero and Vareck (2007) [2]. Even though
the sample size is relatively small and the follow-up
time is restricted, which can be still considered as
the limitation, the internal consistency of findings
with various previous high-quality studies allows
enhancing the external validity of the findings. The
fact that functional motion is nearly restored and the
union rates are high, and the rate of complication is
low all support the conclusion that locking plate fix-
ation is a predictable and effective method of treat-
ing comminuted proximal ulna fractures and pro-
vides predictable results across a continuum of frac-
ture patterns and patient demographics.

Conclusion

The Study shows that locking plate fixation is a
promising and effective way of treating comminuted
proximal ulna fractures, which lead to gradual im-
provement of the elbow movement, forearm rotation
as well as functional outcomes in both olecranon and
Monteggia fracture type. The flexion-extension arc
and rotational movement of patients were reported
as steadily recovered with a period to period, with
constant improvement of the standardized elbow
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performance scores, which suggests recovery of the
joint stability, mobility, and the general performance
of the limb. The findings show that locking plates
have the capability of preserving anatomical posi-
tioning, enable early mobilization, and reduce com-
plications in complex proximal ulna injury. All in
all, the results indicate that this fixation technique
can be predictably healed, functionally recovered,
and achieve good clinical results with various pa-
tient groups and types of fractures.
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