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Objective: The aim of this study was to compare clinical and radiological results of three different techniques (plate-screw,
tension band, and intramedullary nail) in the fixation of olecranon osteotomy in patients with intercondylar fracture of the distal
humerus surgically treated by the olecranon osteotomy approach.

Methods: Between January 2010 and December 2018, the study was initiated with 52 patients who underwent an olecranon
osteotomy approach for an AO Type C distal humerus fracture. Thirty-seven patients (19 male, 18 female) who had regular
control data and a final control examination were included in the study. In osteotomy fixation, we used tension band (K wire
cerclage + Screw cerclage) in 20 patients, plate-screw in eight patients, and intramedullary nail fixation in nine patients. The

K?onr ds: functional evaluation included a measurement of the range of joint motion (flexion, extension, supination, pronation); MAYO
Distal humerus elbow performance score; disabilities of the arm, shoulder, and hand (DASH) score; and comparative grip strength measurement,
Plate and a subjective pain assessment was performed using the visual analogue scale.

Olecranon osteotomy

Fixation

Results: The mean duration of follow-up was 44 (12-84) months. The mean time to union was 14 (7-32) weeks in patients that
achieved union. The mean DASH score was 22 (0-72.7), the mean MAYO elbow performance score was 84 (35-100), and the mean
VAS score was 3 (1-7). The mean grip strength was 32 (8-64) kgw in the treated extremity and 37 (17-70) kgw in the intact
extremity. No statistically significant difference was detected between olecranon osteotomy fixation methods (tension band,
plate-screw osteosynthesis, and intramedullary nailing) in terms of union time, DASH score, MAYO scale score, VAS score,
extension, supination, and pronation (P > 0.05). The average grip strength (kgw) was lower than that in the uninvolved extremity,
and this ratio was statistically significant (P = 0.04).
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M.5.A. 0000-0002-7427-2223. Conclusion: The results of this study have shown that successful and comparable radiological and functional outcomes can be

obtained by all the three different olecranon osteotomy techniques in the surgical treatment of intercondylar fracture of the distal
humerus.

Level of Evidence: Level 111, Therapeutic Study

Introduction increased the tendency for open reduction and internal

fixation.® The limited visualization area of the elbow
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The elbow joint has complex anatomical and biome-
chanical features." Fractures of the distal humerus
constitute approximately 1-6% of all fractures."® In-
tercondylar fractures (AO Type C),° however, make
up less than 1%, and they display a bimodal distribu-
tion. While high-energy and comminuted fracture pat-
terns are observed in young individuals, elderly
patients exhibit simple fractures as a result of falling
due to osteoporosis.'?

In recent years, elbow circumference anatomy has
become better understood. In addition, the advan-
tages of newly designed implants in application have

joint requires different surgical approaches,** and pos-
terior approaches are frequently used. Triceps reflecting,
anconeus reflecting, and triceps splitting approaches
have been described. Different approaches can be used
depending on the type of fracture.® Although there is
a consensus on the requirement of surgical treatment,
the optimal treatment method is still controversial. The
fixation that best visualizes the inside of the joint and
that enables optimal anatomical restoration of the joint
line, including intra-articular small fragments, should be
performed. However, the gold standard treatment
method in comminuted intercondylar fractures is the
olecranon osteotomy approach.*> The olecranon
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osteotomy approach has additional potential complications, such as
nonunion and delayed union at the osteotomy site, implant issues and
resurgeries, joint stiffness, and heterotopic ossificication.”** The aim of
surgical treatment is optimal anatomic reduction and sustainable stable
fixation.*®

In this study, we aimed to present the functional and radiological results
and complications of three different fixation methods used in the fixa-
tion of olecranon osteotomy in patients who underwent the olecranon
osteotomy approach due to a Type C distal humerus fracture.

Materials and Methods

Between January 2010 and December 2018, the study was initiated with
52 patients who underwent the olecranon osteotomy approach for an
AO Type C distal humerus fracture. Thirty-seven patients who had
regular control data and had a final control examination were included
in the study. In osteotomy fixation, we used the tension band method (K
wire cerclage + screw cerclage) in 20 patients, plate-screw method in
eight patients, and intramedullary nail fixation method in nine patients.
Prospectively collected patient data were retrospectively reviewed. In-
formed consent was obtained from all patients preoperatively, and
approval was granted by the Institutional Review Board. The study
was carried out by four surgeons in a single center. For preoperative
evaluation, 3D computed tomography scans of all patients were ob-
tained. For the osteotomy requirement, the fracture types, determined
according to the degree of intra-articular fragmentation on three-
dimensional (3D) tomography and direct radiography, were taken as
the basis. In choosing the osteotomy fixation method, each surgery
adopted the most common and familiar method. Intramedullary nails
were preferred for both osteotomy and the diagnosis of diaphyseal
fractures in patients with ulna diaphysis fractures. Patients with
a pathological fracture, bilateral fracture of the distal humerus, Type 3
open fracture, and open epiphyseal plate were not included in the study.
Among the 52 patients that met the specified criteria, 37 patients, who
were regularly monitored and who attended their last control examina-
tion, were included in the study, excluding three patients who died
during follow-up and 12 patients who could not be contacted. Patients
with a minimum follow-up of 1 year were included in the study. Nine
patients who underwent osteotomy fixation with an intramedullary nail
had a fracture of the ulna diaphysis in addition to the humerus fracture.
It is obvious that, in addition to the determination of humeral fractures
and osteotomy, an ulna fracture will affect the functional results. There
is no parameter to distinguish the degree of functional involvement due
to an ulna fracture because the functional evaluation parameters used
evaluate the affected extremity totally. Furthermore, we did not use an
additional incision extending to the ulna diaphysis in addition to the

We presented the clinical results and complications of three different
fixation methods in olecranon osteotomy fixation. There was no
difference between methods in terms of union time and operation time.
No statistical difference was found in terms of functional results except for
grip strength.

In these patients, whose surgery and postoperative follow-up is difficult,
the surgeon should apply the method he is more familiar with.

Nails designed for osteotomy fixation are available and can be used in
patients without ipsilateral ulna diaphyseal fracture.

In patients with ipsilateral ulna diaphyseal fractures, intramedullary nails
are a good treatment method for both osteotomy fixation and detection of
diaphyseal fracture to avoid wide incision and additional fixation
materials.
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posterior incision and wide surgical exposure. We fixed both the osteot-
omy line and the diaphyseal fracture with a single fixation material.
Although they were not an isolated group, we included them in the study
for the reasons we mentioned.

Demographic data (age, gender, side of the fracture, etiology of the
trauma, time from admission to surgery, operation time, follow-up
period, comorbid trauma, and smoking) of the patients were col-
lected. Preoperative assessments of neurovascular damage and post-
operative complications were recorded. Fractures were classified
according to the AO/OTA classification.® Open fractures were classi-
fied according to the Gustilo-Anderson classification.”> Anteropos-
terior and lateral radiographs obtained at 2, 4, 6, and 12 months were
assessed for the presence of fracture union, step-offs in the joint, and
heterotopic ossification.”® Cases that did not exhibit union at 6
months were recorded as nonunion, and cases that did not exhibit
complete union were recorded as delayed union. The functional
evaluation included measurement of the range of joint motion (flex-
ion, extension, supination, and pronation); MAYO elbow perfor-
mance score?’; Disabilities of the Arm, Shoulder, and Hand (DASH)
score®®; and comparative grip strength measurement, and a subjective
pain assessment was performed using the Visual Analogue Scale
(VAS).* To avoid bias, patients were evaluated by a surgeon other
than the attending surgeon, who performed the operations. Infec-
tions, deformity, implant insufficiency, implant irritation, implant
extraction, and neurological damages observed during the follow-up
period were recorded.

Negative pressure aspiration drainage was performed for 24 hours
postoperatively. A long arm splint was applied. The aspiration drain
was removed on the postoperative day 1. Splint fixation was contin-
ued for 1-3 weeks until the subjective pain complaints of the patients
decreased. Passive motion was allowed after the first week and active
motion after the sixth week.

Statistical analysis

Data analysis was performed using the Statistical Package for Social
Sciences (SPSS) version 20 (IBM SPSS Corp., Armonk, NY, USA) com-
puter software package. Data are presented in numbers, percentages,
means, and standard deviations. The Kolmogorov-Smirnov test was
used to analyze whether the data of the variables included in the analysis
had a normal distribution. Spearman correlation analysis was used to
check the correlations between the parameters. The Kruskal-Wallis test
was used to evaluate the relationship between union and functional
outcomes and three different fixation materials used in osteotomy fixa-
tion. The correlation between grip strength and the pronation and supi-
nation of the treated forearm was evaluated using Spearman correlation
analysis. The relation between heterotopic ossification and osteotomy
fixation methods (tension band, plate-screw osteosynthesis, and intra-
medullary nailing) could not be evaluated, as the number needed for
statistical analysis could not be reached. Data concerning the compar-
ison between groups are presented in numbers and percentages. The
relationship between the duration of follow-up and the time to surgery
was analyzed using the Mann-Whitney U-test. Measurements of grip
strength in the treated arm and intact arm were analyzed using the
Wilcoxon Signed Ranks test, and the level of significance was P < 0.05.

Results

The mean follow-up time for this study was 44 months (12-84 months).
In total, 37 patients (19 males and 18 females) were treated for AO
Type 13C1,2,3 fractures by olecranon osteotomy. Nineteen patients in
the right extremity, and 18 had fractures in the left extremity.
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Meanwhile, there were 34 fractures in the dominant extremity, and
there were fractures in the nondominant extremity in three patients.
Etiologically, 25 patients had falls, and 12 patients had fractures as
aresult of a traffic accident. Six of the patients were smokers, while 31
were nonsmokers. Twenty patients were allocated to the tension band
group, eight to the plate-screw group, and nine to the intramedullary
nail group. The mean age of patients was 37 (20-62) years. Thirteen
were open fractures (type 1: 15, type 2: 9), and the rest were closed. The

Table 1. Demographic Characteristic and Distribution of the Patients

Age 37 (20-65)
Sex (male/female) 19/18
Dominant extremity (right/left) 34/3
Fractured extremity (right/left) 19/18
Fracture etiology

Falling on elbow 25
Traffic accident 12
Smoking status (yes/no) 6/31
Time from admission to surgery (hours) 33 (8-72)
AO fracture type

C1 13
C2 17
C3 7
Closed fracture 13
Type 1 open fracture 15
Type 2 open fracture 9
Olecranon osteotomy fixation

Tension band 20
Plate-screw fixation 8
Intramedullary nail 9
Follow-up period (months) 44 (12-84)

Union/nonunion (%)

Olecranon osteotomy 34/37 (92%)

Table 2. Radiological and Functional Outcomes and Complications of Patients

Time to union (weeks) 14 (7-32)
Operation time (minute) 91 (82-110)
DASH score 22 (0-72.7)
MAYO elbow performance score 84 (35-100)
VAS 5(1-7)
Grip strength (kgw)

Treated extremity 32 (8-64)
Intact extremity 37 (17-70)
Functional range of the joint motion (treated extremity/intact

extremity) (degree)

Flexion 116/full
Extension 21/full
Supination 86/90
Pronation 79/90
Complications

Nonunion 1/3
Delayed union 1/0
Mechanical irritation, transmigration 2/4
Material extraction 2/4
Implant failure 1/0
Elbow contracture 3
Ulnar nerve neurapraxia 2
Nerve exploration and neurolysis 2
Superficial infection 1
Heterotopic ossification 6/37 (16%)

Deep infection, osteomyelitis, and wound problems requiring secondary closure
procedures were not observed.

mean time from admission to surgery was 33 (6-72) hours (Table 1).
The mean surgical time was 91 minutes (min-max: 82-110; Table 2).
Radiological union was achieved in 14 (7-32) weeks on average (Figure
1). No statistically significant difference was detected between olecra-
non osteotomy fixation methods (tension band, plate-screw osteo-
synthesis, and intramedullary nailing) in terms of union time, DASH
score, MAYO scale score, VAS score, extension, supination, and pro-
nation (P > 0.05). The average grip strength (kgw) was lower than that
in the intact extremity, and this ratio was statistically significant
(P =0.04). There was no significant relationship between the duration
of follow-up and heterotopic ossification (P = 0.272), but there was
a statistically significant relationship between time to surgery and
heterotopic ossification (P =0.043). There was a statistically significant
difference between the treated and intact upper extremities in terms of
grip strength (P = 0.048; Table 3).

One patient had preoperative radial nerve neurapraxia, which was
ameliorated during follow-up at week 6 postoperatively, while two
patients developed postoperative ulnar nerve neurapraxia. Debride-
ment and implant extraction were performed in one patient due to
skin transmigration of the tension band (screw and cerclage) used for
osteotomy fixation (Figure 2). The implant was extracted due to mechan-
ical irritation in one patient in whom osteotomy fixation was performed
using ulnar nailing (Figure 1). Plates in the humerus were extracted
from four patients due to mechanical irritation after union. Contracture
release was performed in three patients, and material extraction was
performed in two of these patients. Ulnar nerve exploration and neuro-
lysis procedures were carried out in these two patients. One patient had
a superficial infection at the olecranon osteotomy line that continued for
10 days and regressed using antibiotherapy. Fracture separation was
observed at the osteotomy lines of two patients during rehabilitation,
and it was revised by fixation (Figures 3 and 4; Table 3).

Discussion

In this study, we evaluated the results of the tension band, plate-
screw, and intramedullary nail fixation methods used for the fixation
of olecranon osteotomy. It was observed that none of the three meth-
ods was superior to the others in terms of union time, operation time,
functional elbow joint range of motion (flexion/extension/supina-
tion/pronation), DASH score, MAYO elbow performance score, and
VAS (P > 0.05). The average grip strength of the 32 kgw (8-64) ex-
tremities treated compared to the 37 kgw (min-max: 17-70) intact
limb was found to be lower, and it was statistically significant
(P=0.04).

Olecranon osteotomy is the gold standard treatment method in
comminuted fractures of the distal humerus. Despite its potential
complications (nonunion, delayed union, implant irritation, resur-
geries, and heterotopic ossification), it provides 63% more visualiza-
tion than triceps sparing and 24% more than triceps sparing.'* It also
makes the triceps less weakened, and the risk of avulsion is les-
sened. In this way, it provides early mobilization.?” Osteotomy fixa-
tion requires a stable fixation at the joint line without step-off.
Regardless of the fixation type, nonunion has been reported at the
osteotomy line at a rate of 10%.** The union rate in the study was
92%.°*%” Delayed union or malunion was not tracked. While non-
union was not observed in the olecranon fixation of the patients
who underwent nail fixation in our study, nonunion was observed
in one patient who underwent plate application and in two patients
who underwent tension band application. Revision surgery was
performed with the corticocancellous graft and the same fixation
method, and union was achieved. No significant relationship was
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Figure 1. 37-year-old male with a left humerus distal Type C fracture and ulna diaphyseal fracture after falling from height AP and lateral X-ray views. Parallel plate fixation of
the distal humerus fracture and fixation of the osteotomy and the ulna diaphyseal fracture with the newly designed ulna intramedullary nail via a single incision.
Postoperative second month AP X-ray view of the elbow, fourth month lateral and AP X-ray views of the distal humerus fracture, ulna diaphyseal fracture and osteotomy;
Bony union is noticed. At postoperative month 12, implant removal was done due to mechanical irritation and ulnar neurapraxia. Concomitant neurolysis and anterior

transfer of the ulnar nerve were performed. X-ray views after implant removal.

Table 3. The Analysis of the Relationship of AO Tension Band, Plate-Screw Osteosynthesis, Intramedullary Nailing Methods for Olecranon Osteotomy Fixation with Time to

Union and Functional Outcomes Using Kruskal-Wallis Test (P Value)

Union Operation Grip
Time time DASH MAYO VAS Strength  Flexion Extension Supination Pronation
AO tension band/plate-screw osteosynthesis/ 0.191 0.375 0.737  0.838 0.665 0.048 0.119 0.260 0.933 0.381

intramedullary nail

detected between fixation types and radiological and functional
outcomes (P > 0.05).

For functional outcomes, the reported results were 77% to 100%.'*** In
these studies, the evaluation was performed using different elbow
performance systems. In the study by Shin et al.,, the mean flexion-
extension angle was reported to be 106°, and good and excellent out-
comes were reported in 86% of the patients." In the present study, we
obtained very good outcomes in 22 patients, good outcomes in seven
patients, acceptable outcomes in seven patients, and poor outcomes in
one patient according to the MAYO elbow performance system. The
mean flexion-extension angle was 116°(0-145). Similarly, we did not
find any significant relationship between osteotomy fixation types and
functional outcomes. Very good and excellent outcomes can be ex-
plained by stable fixation and early rehabilitation. Acceptable and
poor outcomes can be associated with the fact that even though stable

fixation was established, rehabilitation could not be performed effec-
tively because of prolonged immobilization due to soft tissue injury,
heterotopic ossification, joint stiffness, and subjective pain cascade as
a result of a comminuted fracture and poor bone quality.

The total complication rate associated with olecranon osteotomy (im-
plant irritation, nonunion, malunion, skin irritation, ulnar neurapraxia,
and heterotopic ossification) has been reported to be between 0% and
31% in the literature.” In the study, osteotomy-related complications
were present in 27%'° of patients. Implant removal due to mechanical
irritation has been reported at a rate of 8-13%." In the study, four of 37
patients (11%) underwent implant removal due to mechanical irritation
and transmigration. Implant removal was performed in one patient with
the intramedullary nail, one with the plate-screw, and two with the
tension band (one patient K wire cerclage, one patient screw cerclage)
method. No patient developed implant failure. Other common
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Figure 2. 55-year-old male with a right humerus Type C fracture after falling from height who underwent orthogonal plate fixation of the distal humerus fracture with headless
conical screws via the transolecranon approach. Olecranon osteotomy was fixed with tension wire and an intramedullary screw. Postoperative sixth month X-ray views of the
distal humerus fracture and the olecranon osteotomy. Union is noticed with concomitant heterotopic ossification, Transcutaneous migration of the screw and cerclage wire.

Figure 3. 47-year-old female with a left distal humerus Type C fracture after falling from height; AP and lateral X-ray views; AP and lateral X-ray views of the fracture at the
postoperative month 2; postoperative month 4 X-ray views of the union of the distal humerus fracture with heterotopic ossification at the olecranon fossa; non-union of the
osteotomy. Plate-screw osteosynthesis and tricorticocancellous grafting from iliac wing of the osteotomy and ectopic bone removal at 2 months after revision surgery; AP and
lateral X-ray views of the nonunion site 4 months after revision surgery.

complications, often directly related to distal humeral fractures, inde- heterotopic ossification, two (5%) had elbow contracture, and two (5%)
pendent from osteotomy, are heterotopic ossification, ulnar neura-  had ulnar neurapraxia. There was no direct relationship between fol-
praxia, and elbow contracture.” In the study, six patients (16%) had  low-up time and heterotopic ossification (P = 0.272). We attribute this to
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Figure 4. 60-year-old female patient with a Type C distal humerus comminuted fracture after a simple fall. Postoperative X-ray views of the parallel plate fixation of the fracture
and tension wire fixation of the osteotomy, nonunion of the osteotomy at 4 months after surgery. X-ray views of the elbow 2 months after revision surgery with cancellous
grafting and double tension wires, 4 months after revision surgery AP and lateral X-ray views of the union of the osteotomy and the fracture.

the applied indomethacin treatment. However, in our study, we ob-
served that as the process delayed until surgical treatment was applied,
the risk of developing heterotopic ossification increased (P = 0.043).
Such conditions as late surgery, accompanying central nervous system
injuries, long mobilization, fracture type-fragmentation degree, and the
use of grafts negatively affect the development of heterotopic
ossification." It has been reported that heterotopic ossification increases
from 0% to 33% in cases where surgery is performed after 48 hours.**
Surgical capsule release was performed for elbow contracture, and
ulnar nerve exploration and anterior transposition were performed.
Acceptable joint motion angles were obtained with rehabilitation.
Superficial infection was observed in one patient, which resolved with
antibiotherapy, and no wound problems requiring deep infection, os-
teomyelitis, or reconstructive surgery were observed.

This study has some limitations, including its retrospective design,
heterogeneous distribution of fracture types (open-closed or Type C1-
2-3). In addition, final follow-up examinations were not performed at
standard times (degeneration or heterotopic ossification may develop
in the long-term follow-up), and a broad age range was involved.
Furthermore, there were a limited number of patients for the statis-
tical comparison of humerus fixation methods and osteotomy fixa-
tion methods and a relatively shorter duration of follow-up, and
operations were performed by different surgeons (follow-up exami-
nations were not performed by the attending surgeon). In nine pa-
tients who underwent intramedullary nails for osteotomy fixation,
the ulna diaphysis fracture may cause heterogeneity. There is a need
for prospective, randomized controlled and perhaps multicenter clin-
ical trials including homogeneous age groups and subgroups (C1,2,3)
with Type C humerus distal fractures.
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None of the three different methods used for osteotomy fixation is
superior to the others in terms of radiological and functional outcomes.
Successful and comparable radiological and functional outcomes are
obtained by these three different methods used for both primary treat-
ment methods and osteotomy fixation. The detection of both the os-
teotomy area and the diaphyseal fracture with a single fixation
material can be applied as an alternative treatment method in practice
to avoid a wider incision and surgical exposure in the presence of an
ulna diaphysis fracture in patients undergoing olecranon osteotomy.*”
The choice of plate fixation and the selection of osteotomy fixation
method should be left to the surgeon’s experience and discretion. 3D
tomography makes great contributions to preoperative planning. It is
necessary to be alert for possible complications. Timely intervention is
one of the most important steps of the therapeutic management of
complications. To avoid medicolegal problems, the possible risk of
repeat surgery must be explained to patients before surgery.
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