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Abstract
Objective: The aim of this retrospective study was to investigate clinical effects of the treatment of intra-
articular distal humeral fractures via the combined posterior olecranon osteotomy and anterior approach
and the combined lateral Kaplan approach associated with the medial approach.

Methods: Between July 2010 and September 2019, 28 cases of intercondylar fractures of the distal
humerus (AO/OTA type C) were treated by open reduction and internal �xation (ORIF) via the posterior
and anterior approach and combined lateral-medial approach, which were divided into the P-A (n = 13)
and L-M (n = 15) groups, respectively. The outcomes in terms of function were assessed using the range
of motion (ROM) of the elbow and forearm, humerotrochlear (HT) angle, Visual Analogue Scale (VAS)
scores, Mayo Elbow Performance Score (MEPS), and e�cacy grade evaluated using the scoring system
of Orthopaedic Trauma Association (OTA) at the one-year follow-up.

Results: The flexion-extension of elbows and pronation-supination of forearms were respectively 114.1° ±
12.4° and 157.3° ± 9.6° in the P-A group and 117.1° ± 14.5° and 161.3° ± 10.7° in the L-M group. No
signi�cant difference was observed between the two groups for the elbow and forearm ROM (p > 0.05).
Furthermore, surgery duration, blood loss volume, HT angle, MEPS, VAS scores, OTA rating, and the
morbidity of postoperative complications during the one-year follow-up did not differ between groups.

Conclusion: The posterior olecranon osteotomy and anterior approach can be used e�ciently for
exposure of complex distal humeral injuries with similar clinical e�cacy and complications in the
treatment of intra-articular distal humeral fractures as compared to the lateral-medial approach.

Introduction
Distal humeral fractures account for 0.5–2.0% of all fractures in the body. Of these, 30% involve the
articular surface[1]. There is a well-documented bimodal distribution of these fractures, with an early peak
in young individuals resulting from high-energy trauma, predominantly in males aged between 12 and 19
years. A second larger peak accounts for older individuals, mainly women aged 60 years and over, who
typically have osteoporosis and whose fractures result from low-energy falls[2]. Although relatively rare,
the incidence of these fractures is rising rapidly as the population ages. Pavlanen et al. have reported a
�ve-fold increase in distal humeral fractures between 1970 and 1998 from 12 to 34 per 100,000 people
per year[3].

Compared with other humeral fractures, there is a higher percentage of open fractures[4] accompanied by
a posterior wound proximal to the elbow joint that was created by protrusion of the humeral shaft
through the triceps muscle and posterior skin[5] in patients with distal humeral fractures. Neurological
assessment should include examination of the median, radial, and ulnar nerves. The prevalence of
preoperative ulnar nerve symptoms in patients with a type-C fracture of the distal portion of the humerus
has been reported to be 24.8%[6]. The risk of functional disability following non-operative treatment has
been shown to be quite high. Therefore, operative management is generally accepted as the gold
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standard for juxta-articular and intra-articular distal humeral fractures[7]. Thus, open reduction and
internal �xation (ORIF) of these fractures are now well-recognized management techniques. The goals of
surgical treatment are to restore articular congruity and bone alignment, while providing rigid and stable
�xation that enables early active motion. Nevertheless, primary total elbow arthroplasty may be
considered in rare situations, such as in the elderly (> 65 years of age) patients with comminuted intra-
articular fractures and low-demand or sedentary lifestyles[8]. Treatment of these injuries, in particular bi-
columnar fractures with intra-articular comminution corresponding to OTA/AO (C3), is challenging due to
fracture comminution, poor bone quality, and di�culty in restoring the complex anatomy of the distal
humerus[9], which predisposes to unsatisfactory results. Over 25% of such fractures result in signi�cant
complications during treatment, a few of them requiring further surgery[10]. Hence, exposure of fracture
fragments to anatomic reconstruction of the articular surface and stable �xation of all fracture fragments
become paramount for restoration of satisfactory elbow function and good outcomes. To achieve this
objective, surgical exposure to all critical structures is of great importance, and consequently the surgical
approach becomes crucial.

The fractures involving articular surfaces are typically approached from the posterior side, and various
posterior approaches have been utilized. These include triceps-re�ecting anconeus pedicle, Bryan and
Morrey’s triceps re�ecting, Campbell's triceps-splitting, olecranon osteotomy, and the combined medial
and lateral approach, which have been described in terms of pros and cons of each[7, 9, 11–17]. Owing to
the complex anatomy of the distal humerus and the fracture patterns, each approach offers different
advantages in terms of exposure and soft tissue disruption. Thus, controversy still exists regarding the
surgical approach in the management of intra-articular distal humeral fractures. The olecranon
osteotomy approach, which provides maximum articular surface visualization, provides a better
command of fracture fragments and has minimal consequences on the extensor mechanism. It is often
employed for the types of fracture, where 40% of the anterior surface remain unvisualized[18]. Therefore,
the present study investigated whether it is possible to increase the exposure of the articular surface of
the distal humerus through supplemental anterior approach to obtain a better clinical effect by combining
the olecranon osteotomy approach.

To the best of our knowledge, there have been no previous reports on the comparison of function recovery
and complication rate of the combined lateral and medial approach or olecranon osteotomy combined
with anterior approach for the treatment of complex distal humeral fractures (OTA/AO, type C). The
present study evaluated clinical outcomes in 28 cases of complex intra-articular distal humeral fracture,
which were treated using ORIF with the above two approaches. Clinical effects were also compared in
order to provide a reference for clinical practice.

Materials And Methods
Patients
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A retrospective study was conducted in the department of Orthopedics, Nanjing Qixia District Hospital
involving 28 patients with intercondylar fracture of the humerus between July 2010 and September 2019.
Ethical approval and patient consent were obtained. The displaced intra-articular fractures in adults
served as the inclusion criteria. The exclusion criteria were as follows: patients with pathologic fractures,
adolescent fractures, and patients who could not tolerate surgery due to other medical problems.
Systemic comorbidities of the patients, such as diabetes and hypertension, interval time from trauma to
surgery, intraoperative blood loss, and surgery duration, were recorded. All patients presented with
AO/OTA type C intercondylar fractures of the distal humerus. Only one case was associated with
olecranon fracture. Before surgery, a routine plaster support was used for immobilization, and
symptomatic treatments, such as dehydration and pain relief, were provided. The cohort (n = 28) treated
using ORIF was strati�ed into the posterior-anterior (P-A) and lateral-medial (L-M) groups according to the
different treatment approaches. Of these, 13 cases were treated with olecranon osteotomy combined with
the anterior approach, and 15 cases were treated with the combined lateral Kaplan and medial approach.
All patients were followed up for 12 months post-operatively.

Operative approach

In all cases, the patients under brachial plexus or general anesthesia were placed in a supine position on
the operating table with an in�ated tourniquet on the affected arm. After satisfactory anesthesia was
administered, an elbow joint varus test was performed to check the stability of the medial and lateral
ligaments. The elbow to be operated on was positioned at 90° of abduction and supported on a lucent
operating table.

Posterior-anterior (P-A) approach (Fig. 1)

In the P-A group, a longitudinal incision was made under the posterior elbow and slightly curved toward
the radial side in the coronal plane (Fig. 1A). The subcutaneous tissue was bluntly dissected and the
�aps were raised and retracted bilaterally. The ulnar nerve was identi�ed proximally to the medial triceps,
dissected within the cubital tunnel, and protected at all times by wrapping with penrose drain and through
the �exor pronator aponeurosis to the level of its �rst anterior motor branch (Fig. 1B). After marking the
osteotomy plane and clearing the soft tissue in order to fully expose the bone surface, an inverted V-
shaped Chevron osteotomy was performed 2 cm distal to the olecranon tip and oriented to exit in the bare
area of the trochlear groove. Finally, part of the distal humerus, radial head, and coronoid process of ulna
were exposed when the olecranon and extensor device were raised during elbow �exion. Next, the anterior
auxiliary approach was initiated proximally 5 cm up the elbow �exion crease, along the border just lateral
to the biceps brachii muscle. Then, the longitudinal skin incision crossed over the elbow crease and
extended distally along the lateral border of the �exion crease at approximately 2 cm distal to it.
Dissection was performed in the interval between the biceps brachii and the brachialis muscle, which was
then split longitudinally to expose the fracture site followed by the Henry’s elbow surgical approach[19]
(Fig .1C). Distally, the radial nerve was identi�ed in the space between the brachialis and brachioradialis
muscles. The split brachialis muscle was retracted laterally, protecting the radial nerve. The position of
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the elbow and the areas of soft tissue were changed to expose the articular surface. The exposed
articular surface was marked by drilling holes along its margin with a 0.5-mm Kirschner (K)-wire.

Lateral-medial (L-M) approach

In the L-M group, lateral exposure of the distal humeral fracture was performed using a Kaplan
approach[20]. First, a lateral incision was extended proximally 2 cm up the humerus and distally 5 cm
down the forearm centered over the lateral epicondyle. With the elbow �exed at about 30° and forearm
pronation, the interval of the extensor digitorum communis and the extensor carpi radialis brevis (ECRB)
was developed and incised at the midpoint of the anterior radial head. The deep capsule was then incised
anterior to the radial collateral ligament and lateral ulnar collateral ligament (LUCL) through the annular
ligament. The extensor carpi radialis longus/ECRB combined with the incised capsule were elevated
forward from the lateral epicondyle to broaden the exposure of the radiocapitellar joint. If the fracture
extended to the trochlea, the origin of the wrist extensors could be partially peeled off. Second, the medial
incision[21] at about 5 cm from the medial epicondyle to the proximal humerus with the elbow �exed at
~60° was initiated and extended obliquely along the brachial artery from the inside to the outside. The
distal humeral medial and anteromedial side was exposed through the incision between the brachial
muscle and the medial intermuscular septum. The ulnar nerve was exposed behind the medial
intermuscular septum but not isolated. The brachialis muscle were re�ected laterally along the medial
neurovascular bundle of the elbow joint. With the anterior capsule cut, the front of the trochlea part and
medial epicondyle, as well as the brachioulnar joint, were exposed.

Fixed technique

Any hematoma among the fragments was debrided, and the number and displacement of articular
fragments were identi�ed. Headless screws, K-wires, and Ethicon sutures were used for �xation
depending on the complexity of the fracture and stability of the reduction. The articular fragment was
then attached to the condyle and temporarily �xed with K-wires. Fracture sites were stabilized with
orthogonal platting: one plate on the medial side and the other on the posterolateral side, roughly
perpendicular to each other according to the AO principle (Fig. 1D). Reduction in the articular surface and
screw lengths was checked using a C-arm.

An oscillating or fret saw was used to perform the osteotomy. The posterior elbow capsule was dissected,
and the distal humeral fracture fragments were reduced and then temporarily �xed using K-wires. While
reaching the anatomical reduction, the double plates were used to �x the fracture fragments. The
olecranon osteotomy fragment was restored and �xed using a tension band and two K-wires. It was
convenient to perform assisted reduction and �xation and observe reduction of the articular surface via
the anterior approach.

Lateral collateral ligamentous complex tears and avulsion fracture of epicondyle were repaired primarily
using drill-holes and a locking suture technique or suture anchors. No excessive movement of the fracture
fragments under the elbow motivation was con�rmed under direct observation. The elbow was then



Page 7/19

subjected to a full range of motion to assess the safety of �xation. If the �xation was stable enough, the
wound was closed.

Postoperative protocol

Post-operatively, routine antibiotics were administrated intravenously to prevent infection for 24 h.
Celecoxib was used orally to relive acute pain. Patients treated with a combined lateral and medial
approach were routinely subjected to progressive functional exercise under the protection of elbow brace
after surgery. Oral indomethacin was recommended for three weeks to prevent possible development of
myositis ossi�cans or heterotopic ossi�cation (HO). Wound suture removal was performed 12 days
postoperatively. Full weight-bearing motion was allowed when fracture healing was veri�ed radiologically.

Clinical observation

All patients were followed up and reviewed by an independent surgeon one, three, and 12 months after
the operation. Follow-up indicators, including non-union, plate location, HO, ischemic osteonecrosis,
elbow stiffness, and traumatic osteoarthritis (TOA), were evaluated by anteroposterior X-ray and lateral
�lm. Postoperative complications, including wound infection or functional disturbance of the ulnar or
radial nerve, were recorded. Union was de�ned as the absence of pain, obscurity of the fracture line
between fragments in the metaphyseal region, and the absence of articular fragments on the distal
humerus on the radiographs four months post-operation. The range of motion (ROM) of the elbow and
the forearm, humerotrochlear (HT) angle, Visual Analogue Scale (VAS) scores, Mayo Elbow Performance
Score (MEPS), and e�cacy grade evaluated via the Orthopaedic Trauma Association (OTA) scoring
system for distal humeral fractures were noted at the one-year follow-up.

Statistical analysis

Analysis was performed using the statistical software SPSS 20.0. All parameters were expressed as
mean ± standard deviation for each group. Categorical variables and proportions were analyzed using the
chi-square test. The demographic characteristics and clinical e�cacy scores were compared according to
the different approaches (L-M and P-A groups) with analysis of variance and the Wilcoxon rank test for
continuous variables. Statistical signi�cance was de�ned as p < 0.05.

Results
Demographic characteristics (as shown in Table 1) for 28 patients, including 13 men and 15 women aged
from 34 to 65 years (mean 44.4 ± 11.8 years) who were strati�ed into P-A or L-M groups, are reported in
Table 1. The left elbow was affected in 16 patients and the right in 12 patients. Fracture types according
to the OTA/AO classi�cation included C1 in nine patients, C2 in 13 patients, and C3 in six patients. The
cause of injury was a car accident in eight patients, high-altitude fall in four patients, and an electric-
bicycle fall in 16 patients. All patients were operated on between �ve and ten days after injury (mean 7.2 
± 3.0 days). Surgery duration and blood loss volume were 3.4 ± 1.1 h and 244.3 ± 59.4 mL, respectively. A
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total of nine patients in each group had one or more comorbidities (diabetes and hypertension). Surgery
duration time and blood loss volume in the P-A group were greater than those in the L-M group, although
no signi�cant differences were observed (p > 0.05). Furthermore, there were no signi�cant differences in
gender, age, time from the incident until surgery, distribution of cases in the affected side, OTA/AO
classi�cation, mechanism of injury, and comorbidities between the groups (p > 0.05).
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Table 1
Demographics

Variable Total cases P-A approach L-M approach P value

Patient (n) 28 13 15  

Gender       0.98

Male 13 6 7  

Female 15 7 8  

Age (years) 44.4 ± 11.8 45.3 ± 11.3 43.5 ± 12.1 0.78

Affected side       0.74

Left 16 7 9  

Right 12 6 6  

OTA/AO classi�cation       0.98

C1 9 4 5  

C2 13 6 7  

C3 6 3 3  

Mechanism of injury       0.65

Car accident 8 4 4  

high-altitude fall 4 1 3  

Electric- bicycle fall 16 8 8  

Systemic disease       0.97

Only diabetes 4 2 2  

Only hypertension 3 1 2  

Two comorbids 2 1 1  

Time from hurt to surgery (d) 7.2 ± 3.0 7.2 ± 3.1 7.1 ± 3.0 0.93

Surgery duration (h) 3.4 ± 1.1 3.6 ± 1.3 3.2 ± 0.9 0.42

Blood loss (ml) 244.3 ± 59.4 250.8 ± 65.3 238.7 + 53.3 0.51

The values are shown as mean ± SD

Differences are considered signi�cant at p < 0.05
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The mean �exion-extension motion of the elbow was 114.1° ± 12.4° (range 83°–142°) in the combined P-
A group and 117.1° ± 14.5° (range 85°–143°) in the L-M group (Table 2). No signi�cant difference was
found between the two groups when comparing �exion-extension motion of the elbows. Moreover, there
were no signi�cant differences in pronation-supination of the forearms, HT angle, MEPS, or VAS.
Excellent and good ratings according to the OTA scoring system were noted between the two groups (p > 
0.05; Table 2).

Table 2
Surgical outcome

Variable Total cases P-A approach L-M approach P value

Flexion-extension of elbow (°) 115.7 ± 13.6 114.1 ± 12.4 117.1 ± 14.5 0.61

Pronation-supination of forearm (°) 159.5 ± 10.4 157.3 ± 9.6 161.3 ± 10.7 0.35

HT angle (° ) 92.7 ± 4.82 92.2 ± 4.9 93.2 ± 4.7 0.58

MEPS 84.9 ± 13.2 83.5 ± 12.34 86.1 ± 13.8 0.61

VAS scores 2.9 ± 1.2 3.2 ± 1.4 2.76 ± 0.9 0.39

OTA rating 28 13 15 0.88

Excellent 8 3 (16.7%) 5 (33.3%)  

Good 15 8 (61.5%) 7 (46.7%)  

Fair 5 2 (15.4%) 3 (20.0%)  

Complications 9 5 (38.5%) 4 (26.7%) 0.78

Wound healing complication 2 1 (7.7%) 1 (6.7%)  

Ulnar nerve symptoms 1 1 (7.7%) 0  

Delayed union 1 1 (7.7%) 0  

HO 3 2 (15.4%) 1 (6.7%)  

Joint stiffness 1 0 1 (6.7%)  

Symptomatic hardware 1 0 1 (6.7%)  

Flexion-extension of elbow and pronation-supination of forearm represent the range of motion (ROM)
of the elbow and the forearm; HT, humerotrochlear; MEPS, Mayo Elbow Performance Score; VAS,
Visual Analogue Scale; OTA, Orthopaedic Trauma Association; HO, heterotopic ossi�cation

The values are shown as mean ± SD

Differences are considered signi�cant at p < 0.05
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Common complications of the distal humeral fractures in this study were delayed union, wound healing
complication, ulnar nerve injury, joint stiffness, and HO. There was only one patient in each of the P-A and
L-M groups (7.7% and 6.7%, respectively) with infected incision three days postoperatively, which was
treated using dressing changes and antibiotics. Ulnar nerve paresthesia was present in one case (7.7%) in
the P-A group and was resolved by mecobalamin and functional exercise in 3 months. During a four-
month follow-up, one patient (7.7%) developed a delayed union of the fracture in the P-A group. After
early diagnosis and additional cast �xation, the fracture healed 5–6 months post-surgery. HO occurred in
two cases (15.4%) in the P-A group and in one case (6.7%) in the L-M group 3 months after surgery, which
suggests that adequate postoperative drainage of the joint cavity and the use of indomethacin are
essential. In the L-M group, one patient (6.7%) developed joint stiffness 3 months postoperatively, which
was eventually resolved via elbow adhesiolysis. Symptomatic hardware pain occurred in one patient in
the L-M group and was relieved after the implant was removed 5 months post-surgery. None of the other
complications, such as internal �xation displacement, ischemic osteonecrosis, and TOA, occurred during
the one-year follow-up. There was no signi�cant difference in the complication rate between the two
groups (p > 0.005; Table 2). A typical case is represented in Fig. 2.

Discussion
The present study demonstrated that the posterior olecranon osteotomy and anterior approach had no
signi�cant differences in clinical e�cacy and operation-related complications compared to the combined
lateral and medial approach. However, the combined medial-lateral approach exposed only 46.9% of the
whole distal humeral articular surface, which is lower than the maximal visible size of 61.3% reported for
the olecranon osteotomy approach[15]. Another research study has reported that the average percentage
of the exposed articular surface for the anterior approach was 45.7% [22], which is also lower than 53.9%
for the olecranon osteotomy. According to our experiences and previous studies[15, 18, 22], it is di�cult to
entirely expose the complex distal humeral fractures for any single approach, which is insu�cient for
treatment, especially for severe intra-articular fractures. The anterior (Henry) approach to the elbow has
been widely used in upper limb surgery. It has been described as a valuable choice for the synthesis of
proximal radial fractures, reinsertion of the distal biceps tendon, excision of anterior elbow tumors, and
debridement in case of soft-tissue infections[23]. However, due to the anatomical characteristics of the
area and because the elbow can be approached from other directions that involve lower surgical risk, the
anterior approach is rarely used in everyday practice. Despite the fact that radial nerve lesions have been
reported in association with the approach, we recommend the use of a wide-blade separator to retract the
mobile wad of Henry laterally along with the radial nerve[23], thus minimizing the possible insult to the
nerve. Additionally, the anterior approach, which passes through the interval between the brachioradialis
and the biceps or the biceps and the medial brachial neurovascular bundle, can avoid releasing the LUCL
in combination with the olecranon osteotomy[24] or the lateral approach[9, 25] in situations necessitating
anterior exposure, such as a coronal capitellum or trochlear fracture. Because the anterior auxiliary
approach combined with the olecranon osteotomy approach can expand the exposure area, it can further
assist in the reduction and �xation of the coronal fracture from the front, especially when the patient was
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positioned supine with the elbow in full extension. This might explain why the incidence of postoperative
complications, bleeding volume, and operation duration did not signi�cantly increase in the case of
increased olecranon osteotomy and anterior assisted exposure. It has been reported that intra-articular
fractures of the distal humerus can be treated with ORIF through a combined medial-lateral elbow
approach, which is useful in the surgical treatment of AO/OTA C1 and C2 with a simple fracture pattern in
the posterior distal humerus. It also provides better outcomes for the motion of the elbow, bleeding
volume in surgery, and complications than olecranon osteotomy[15, 17, 21]. To achieve a good anatomic
reduction and stable internal �xation, it is important to gain enough exposure to the articular surface[26].
Despite the fact that a combined medial-lateral approach can keep the integrality of the elbow extensor
and, therefore, does not in�uence the extension power, which can allow patients to exercise early[17, 21],
the major exposed area of the combined medial-lateral approach was limited to the front of the distal
humeral articular surface compared to the anteroposterior approach. Thus, the P-A approach is
recommended to treat complex articular fractures of the distal humerus, particularly the AO/OTA C3.

In the literature on surgical treatment of intra-articular distal humeral fractures, the posterior olecranon
osteotomy approach is considered to be a better one, despite signi�cant complications, such as delayed
union, non-union, heterotrophic ossi�cation, ulnar nerve paralysis, symptomatic olecranon �xation, and
secondary procedures required for the removal of symptomatic hardware having been reported[14, 15, 18,
27, 28]. It is particularly bene�cial for fractures with comminution of the articular surface. It also provides
a more optimal visualization of distal articular surfaces. Non-union of osteotomy site has been reported
to be as high as 30% when transverse osteotomy was performed[29]. However, the risk of potential non-
union complication is reduced with the use of a chevron-shaped osteotomy of the olecranon and proper
�xation. Coles et al. have reported that delayed fracture union of chevron-shaped osteotomy occurred in
only one out of 67 patients, and the union eventually occurred 10 months later after operation without
further intervention[30]. Ring et al. have reported union of the osteotomy in 44 out of 45 patients (98%)
[31]. In the present study, two bicortical K-wires and a tension band construct were utilized to �x the
osteotomy site. Only one case (7.7%) of delayed healing occurred in the P-A group, which can be
attributed to chevron-type osteotomy on the basis of its larger contact area and better rotational stability
compared to the transverse osteotomy[32]. The osteotomy site healed after a prolonged cast �xation,
which hints that two bicortical K-wires and a tension band construct were able to securely stabilize the
osteotomy site. A recent retrospective review of distal humeral fractures treated via a transolecranon
approach during a nine-year period showed that there were no differences in osteotomy time to union,
elbow motion, or MEPS at �nal follow-up in patients with olecranon osteotomy �xed with tension band
wiring or plate �xation[33]. As compared with another technique to �x olecranon osteotomy with plates
and screws, K-wire/tension band technique has become more popular due to limited surgical exposure
and inexpensive implants[34].

It has recently been reported that the risk of HO development in association with distal humeral fracture
includes central nervous system injury[35], delay in operative intervention[36], and surgery prior to
de�nitive �xation[37], but not surgical approach[38]. Thus, the role of the surgical approach in the
development of HO remains controversial. No signi�cant difference in HO was shown between the two
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groups in the present study. To date, there has been no Level 1 evidence examining the role of HO
prophylaxis in the management of distal humeral fractures treated with ORIF[7, 9]. Nevertheless,
indomethacin was used to prevent the development of HO according to its previously recommended
dosage and usage[39] in the present study. HO occurred in two cases (15.4%) in the P-A approach and
one case (6.7%) in the L-M approach, which is close to previously reported �ndings[14, 17, 21]. In
accordance with prior studies[14], the ulnar nerve was routinely anteriorly transposed in the two groups in
order to avoid impingement between nerve and implants during elbow motion. The results indicated that
only one case (7.7%) developed ulnar nerve palsy among patients treated using the P-A approach, which
was considered to be traction injury to the nerve during surgery. Since the implantation of posterior to
anterior headless screws into the anterior articular surface could not be directly observed in the L-M
group, improper selection could easily lead to irritation symptoms in the posterior elbow joint. In this
approach, we reported one case (6.7%) of irritation symptoms caused by the excessive length of the
internal �xation screw, which required a second operation to be removed at 5 months post-surgery.
Studies have reported that the rate of symptomatic hardware that necessitated re-operation for removal
ranges from 8–13%[30, 31] in osteotomies secured with K-wire/tension band technique. Recently, Wei et
al. have reported that a total of ten patients (52.6%) underwent removal of implants, which suggested
that the rate of reoperation using K-wire in the treatment of comminuted distal humeral coronal shear
fracture was greater than when using other internal �xations[40]. Despite most of the studies
emphasizing that the K-wire/tension band technique has a high incidence of symptomatic hardware, its
speci�c time of occurrence is not indicated. The internal �xation in all patients in this study was removed
within 10 months to one year, which signi�cantly reduced the occurrence of related symptoms. This
suggests that the symptoms related to K-wire/tension band technique may occur in the late stage of the
operation.

Risk factors for elbow joint stiffness include advanced age, more severe soft tissue or bone injury,
delayed surgery, and prolonged immobilization following surgery (over 14 days)[41]. All patients
underwent necessary rehabilitation exercises in the early postoperative period. Therefore, only one patient
(6.7%) in the L-M group developed joint stiffness due to poor compliance, and the range of motion of the
elbow was eventually restored after elbow adhesiolysis and active remedial rehabilitation. Super�cial
infections can be di�cult to distinguish from mild wound hematoma or erythema and usually subside
with oral antibiotics[41]. They occur in about 20% of patients after ORIF of the distal humerus, commonly
after olecranon osteotomy with plate �xation[42, 43]. In the present study, one patient in each of the P-A
and L-M groups (7.7% and 6.7%, respectively) had abnormal postoperative wounds that healed after a
dressing change and anti-infection treatment.

The present study had several limitations. First, since this was a retrospective study, patient data could
not be controlled and the choice of patients was not randomized, creating an unavoidable bias. Second,
the present study involved three subtypes (OTA/AO C1, C2, and C3) of distal humeral fractures. Due to the
limited sample size, it was not possible to evaluate the clinical e�cacy of the two surgical approaches in
different subtypes. Third, although the present study emphasized the advantages of the combined
anterior and posterior approach in terms of articular surface exposure, no further anatomical study was
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conducted to determine the exposure range of the speci�c articular surface. Finally, the clinical e�cacy of
a combined P-A approach compared to a single posterior approach was not evaluated because a single
olecranon osteotomy approach for the treatment of distal humeral fractures was not utilized in this study.

Conclusion
Taken together, the anteroposterior approach is a successful method of treatment for intra-articular distal
humeral fractures that achieves similar outcomes for the elbow motion, bleeding volume during surgery,
surgery duration, and complications, compared with the L-M approach at one year follow-up. The
combined posterior olecranon osteotomy and anterior approach theoretically provides a better exposure
of the posterior and anterior distal humeral articular surface and avoids the incision on the LUCL. This
method can be recommended for severely comminuted intra-articular fracture.
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ROM Range of motion

HT Humerotrochlear

VAS Visual Analogue Scale

MEPS Mayo Elbow Performance Score

OTA Orthopaedic Trauma Association

HO Heterotopic ossi�cation

ECRB Extensor carpi radialis brevis

LUCL Lateral ulnar collateral ligament

P-A Posterior-anterior

L-M Lateral-medial

K Kirschner

Declarations
Acknowledgements

We thank all of the patients involved in the study.



Page 15/19

Authors’ contributions

HX designed the study. YC and FX selected the appropriate patients and included them in this study. YC,
FX, GZ, ZW, JL, JT, GW, XW, and HX collected the data and performed the statistical analysis. YC and JC
drafted the manuscript. HX critically revised the manuscript. The author(s) read and approved the �nal
manuscript.

Funding

This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-
for-pro�t sectors.

Availability of data and materials

The datasets used and analyzed during the current study are available from the corresponding author on
reasonable request.

Declarations

Ethics approval and consent to participate Approval was granted by the Institutional Review Board of
Nanjing Qixia District Hospital.

Consent for publication

The subjects signed informed consent regarding publishing their data and photographs.

Competing interests

The authors declare that they have no competing interests.

References
1. Ilyas AM, Jupiter JB. Treatment of distal humerus fractures. Acta Chir Orthop Traumatol Cech. 2008;

75(1):6-15.

2. Robinson CM, Hill RM, Jacobs N, Dall G, Court-Brown CM. Adult distal humeral metaphyseal
fractures: epidemiology and results of treatment. J Orthop Trauma. 2003; 17(1):38-47.

3. Palvanen M, Kannus P, Niemi S, Parkkari J. Secular trends in distal humeral fractures of elderly
women: nationwide statistics in Finland between 1970 and 2007. Bone. 2010; 46(5):1355-1358.

4. Bergdahl C, Ekholm C, Wennergren D, Nilsson F, Moller M. Epidemiology and patho-anatomical
pattern of 2,011 humeral fractures: data from the Swedish Fracture Register. BMC Musculoskelet
Disord. 2016; 17:159.

5. McKee MD, Kim J, Kebaish K, Stephen DJ, Kreder HJ, Schemitsch EH. Functional outcome after open
supracondylar fractures of the humerus. The effect of the surgical approach. J Bone Joint Surg Br.



Page 16/19

2000; 82(5):646-651.

�. Ruan HJ, Liu JJ, Fan CY, Jiang J, Zeng BF. Incidence, management, and prognosis of early ulnar
nerve dysfunction in type C fractures of distal humerus. J Trauma. 2009; 67(6):1397-1401.

7. Nauth A, McKee MD, Ristevski B, Hall J, Schemitsch EH. Distal humeral fractures in adults. J Bone
Joint Surg Am. 2011; 93(7):686-700.

�. McKee MD, Veillette CJ, Hall JA, Schemitsch EH, Wild LM, McCormack R, Perey B, Goetz T, Zomar M,
Moon K et al. A multicenter, prospective, randomized, controlled trial of open reduction--internal
�xation versus total elbow arthroplasty for displaced intra-articular distal humeral fractures in elderly
patients. J Shoulder Elbow Surg. 2009; 18(1):3-12.

9. Beazley JC, Baraza N, Jordan R, Modi CS. Distal Humeral Fractures-Current Concepts. Open Orthop J.
2017; 11:1353-1363.

10. Frankle MA, Herscovici D, Jr., DiPasquale TG, Vasey MB, Sanders RW. A comparison of open
reduction and internal �xation and primary total elbow arthroplasty in the treatment of intraarticular
distal humerus fractures in women older than age 65. J Orthop Trauma. 2003; 17(7):473-480.

11. Wong AS, Baratz ME. Elbow fractures: distal humerus. J Hand Surg Am. 2009; 34(1):176-190.

12. Babhulkar S, Babhulkar S. Controversies in the management of intra-articular fractures of distal
humerus in adults. Indian J Orthop. 2011; 45(3):216-225.

13. Zalavras CG, Papasoulis E. Intra-articular fractures of the distal humerus-a review of the current
practice. Int Orthop. 2018; 42(11):2653-2662.

14. Singh R, Singh H, Kanodia N. Olecranon Osteotomy Approach for Complex AO-13C Fractures of
Distal Humerus: A Prospective Analysis of 24 Cases. Malays Orthop J. 2019; 13(1):30-35.

15. Wei LB, Hu T, Liu J, An ZQ. Surgical Treatment of Intra-Articular Distal Humeral Fractures by using a
Combined Medial and Lateral Approach: An Anatomic Study. Orthop Surg. 2019; 11(3):524-529.

1�. Chang AL, Dieterich JD, DiPrinzio EV, Kim JM. Surgical Approach and Internal Fixation Techniques
for Intra-Articular Distal Humerus Fracture With Coronal Shear Capitellar Fracture. Tech Hand Up
Extrem Surg. 2020.

17. Xie X, Qin H, Shen L, Zeng B, An Z. Open reduction and bi-columnar internal �xation of intra-articular
distal humerus fractures through a combined medial and lateral approach. Eur J Orthop Surg
Traumatol. 2014; 24(7):1115-1122.

1�. Wilkinson JM, Stanley D. Posterior surgical approaches to the elbow: a comparative anatomic study.
J Shoulder Elbow Surg. 2001; 10(4):380-382.

19. Henry AK: Extensile exposure: Extensile exposure; 1959.

20. Kaplan EB. Surgical approach to the proximal end of the radius and its use in fractures of the head
and neck of the radius. J Bone Joint Surg Am. 1941; 23(1):86-92.

21. Wei L, Xu H, An Z. In intra-articular distal humeral fractures: Can combined medial-lateral approach
gain better outcomes than olecranon osteotomy? Ulus Travma Acil Cerrahi Derg. 2020; 26(4):586-
592.



Page 17/19

22. Wu ZZ, Wang JD, Ji XX, Ma ZJ, Wu JH, Wang QG. Surgical exposures of the distal humeral fractures:
An anatomical study of the anterior, posterior, medial and lateral approaches. Chin J Traumatol.
2018; 21(6):356-359.

23. Ballesteros-Betancourt JR, Garcia-Tarrino R, Garcia-Elvira R, Munoz-Mahamud E, Fernandez-Valencia
JA, Llusa-Perez M, Combalia-Aleu A. The anterior limited approach of the elbow for the treatment of
capitellum and trochlea fractures: Surgical technique and clinical experience in eight cases. Injury.
2020; 51 Suppl 1:S103-S111.

24. Chang AL, Dieterich JD, DiPrinzio EV, Kim JM. Surgical Approach and Internal Fixation Techniques
for Intra-Articular Distal Humerus Fracture With Coronal Shear Capitellar Fracture. Tech Hand Up
Extrem Surg. 2020; 25(1):25-29.

25. Hoyt BW, Clark DM, Walsh SA, Pensy RA. Surgical Elbow Dislocation Approach to the Distal Humerus
for Apparent Capitellar and Lateral Condyle Fractures in Adults. J Orthop Trauma. 2021; 35(3):e77-
e81.

2�. Hausman M, Panozzo A. Treatment of distal humerus fractures in the elderly. Clin Orthop Relat Res.
2004(425):55-63.

27. Sodergard J, Sandelin J, Bostman O. Postoperative complications of distal humeral fractures. 27/96
adults followed up for 6 (2-10) years. Acta Orthop Scand. 1992; 63(1):85-89.

2�. Singh R, Kanodia N, Singh H. Outcome following olecranon osteotomy versus paratricipital approach
for complex intra-articular (AO 13-C) fracture of distal humerus: a prospective comparative study. J
Shoulder Elbow Surg. 2019; 28(4):742-750.

29. Gainor BJ, Moussa F, Schott T. Healing rate of transverse osteotomies of the olecranon used in
reconstruction of distal humerus fractures. J South Orthop Assoc. 1995; 4(4):263-268.

30. Coles CP, Barei DP, Nork SE, Taitsman LA, Hanel DP, Bradford Henley M. The olecranon osteotomy: a
six-year experience in the treatment of intraarticular fractures of the distal humerus. J Orthop
Trauma. 2006; 20(3):164-171.

31. Ring D, Gulotta L, Chin K, Jupiter JB. Olecranon osteotomy for exposure of fractures and nonunions
of the distal humerus. J Orthop Trauma. 2004; 18(7):446-449.

32. Wagener ML, Driesprong M, Heesterbeek PJ, Verdonschot N, Eygendaal D. Biomechanical evaluation
of three different �xation methods of the Chevron osteotomy of the olecranon: an analysis with
Roentgen Stereophotogrammatic Analysis. Clin Biomech (Bristol, Avon). 2013; 28(7):752-756.

33. Haglin JM, Lott A, Kugelman DN, Bird M, Konda SR, Tejwani NC, Egol KA. Olecranon Osteotomy
Fixation Following Distal Humerus Open Reduction and Internal Fixation: Clinical Results of Plate
and Screws Versus Tension Band Wiring. Orthopedics. 2021; 44(1):e107-e113.

34. Kloen P, Buijze GA. Treatment of proximal ulna and olecranon fractures by dorsal plating. Oper
Orthop Traumatol. 2009; 21(6):571-585.

35. Garland DE, O'Hollaren RM. Fractures and dislocations about the elbow in the head-injured adult. Clin
Orthop Relat Res. 1982(168):38-41.



Page 18/19

3�. Kundel K, Braun W, Wieberneit J, Ruter A. Intraarticular distal humerus fractures. Factors affecting
functional outcome. Clin Orthop Relat Res. 1996(332):200-208.

37. Sanchez-Sotelo J, Torchia ME, O'Driscoll SW. Complex distal humeral fractures: internal �xation with
a principle-based parallel-plate technique. J Bone Joint Surg Am. 2007; 89(5):961-969.

3�. Hong CC, Nashi N, Hey HW, Chee YH, Murphy D. Clinically relevant heterotopic ossi�cation after
elbow fracture surgery: a risk factors study. Orthop Traumatol Surg Res. 2015; 101(2):209-213.

39. Gofton WT, Macdermid JC, Patterson SD, Faber KJ, King GJ. Functional outcome of AO type C distal
humeral fractures. J Hand Surg Am. 2003; 28(2):294-308.

40. Teng L, Zhong G. Surgical Treatment of Comminuted Coronal Shear Fracture of Distal Humerus.
Orthop Surg. 2020; 12(5):1439-1447.

41. Watson JT. Distal Humerus Fractures, Including Isolated Distal Lateral Column and Capitellar
Fractures. Operative Techniques: Shoulder and Elbow Surgery (Second Edition). 2019:603-627.

42. O'Driscoll SW. Optimizing stability in distal humeral fracture �xation. J Shoulder Elbow Surg. 2005;
14(1 Suppl S):186S-194S.

43. Obert L, Ferrier M, Jacquot A, Mansat P, Sirveaux F, Clavert P, Charissoux JL, Pidhorz L, Fabre T,
Societe Francaise de Chirurgie Orthopedique et T. Distal humerus fractures in patients over 65:
complications. Orthop Traumatol Surg Res. 2013; 99(8):909-913.

Figures

Figure 1

Fixation of intra-articular distal humeral fracture (C3) through a combined posterior and anterior
approach. (A) Body surface location of the olecranon and posterior incision were marked; (B) The ulnar
nerve was identi�ed and isolated �rst, and then the distal humeral articular surface was exposed after
olecranon osteotomy; (C) Next, the anterior approach was used as an auxiliary approach to expose the
articular surface via interval between biceps brachii and brachialis muscle and assist in reduction and
�xation; (D) Two plates and some screws were used to �x the medial and lateral columns.
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Figure 2

Representative case of a 64-year-old female who suffered from a closed C3 fracture of the distal
humerus. (A) Preoperative X-ray �lm; (B) Computed tomography (CT) demonstrated that the fracture
involved the articular surface; (C) X-ray �lm three days post-surgery showed that the distal humeral
fracture was restored with bi-columnar �xation through a combined posterior olecranon osteotomy and
anterior approach; (D) X-ray �lm after removal of internal �xation 12 months post-surgery; (E) Flexion-
extension of elbow and pronation-supination of forearms 12


