Cureus

Article

Review began 12/24/2021
Review ended 12/29/2021
Published 01/10/2022

© Copyright 2022
Tyllianakis et al. This is an open access
article distributed under the terms of the

Creative Commons Attribution License CC-

BY 4.0., which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author and
source are credited.

Open Access Original

DOI: 10.7759/cureus.21094

Long-Term Functional Outcomes and
Complications of Intra-Articular (AO type B, C)
Distal Humerus Fractures in Adults: A
Retrospective Review

Minos Tyllianakis ! , Konstantina Solou !, John Lakoumentas %, Andreas Panagopoulos !

1. Orthopaedic Department, Medical School, University of Patras, Patras, GRC 2. Medical Physics Department, Medical
School, University of Patras, Patras, GRC

Corresponding author: Andreas Panagopoulos, andpan21@gmail.com

Abstract

Introduction

Treatment of intra-articular fractures of the distal humerus is challenging due to their complexity,
comminution, and associated complications. The evolution of surgical approaches and the design of elbow-
specific implants over the last decades have failed to improve clinical and radiological outcomes. Studies are
sparse regarding the long-term influence of surgical treatment of these types of fractures in the upper limb
function. The purpose of the current study was to retrospectively review the long-term functional outcome
and complications of all intraarticular (AO type B, C) distal humerus fractures treated surgically in

a university hospital during the last 25 years.

Material and methods

The study included patients who were surgically treated for an intra-articular distal humerus fracture
between March 1991 and May 2016. Our initial search, using ICD-10 codes, identified 63 patients in the
specific time period. Twelve patients had died, nine declined to participate, eight had emigrated, nine could
not be located and one patient was excluded as he suffered from quadriplegia unrelated to the initial injury.
The remaining 25 patients (mean age at surgery 44.2+19.67) were included in a follow-up study protocol.
Functional outcome was evaluated according to Mayo Elbow Performance Score (MEPS), Oxford Elbow Score
(OES), and the Quick Disabilities of the Arm, Shoulder and Hand questionnaire (QuickDASH). Pain was
assessed using the Numerical Pain Rating Scale (NPRS) and subjects were asked to rate their satisfaction.
Perioperative and late complications were recorded as well.

Results

The average follow-up was 158.16 = 73.73 months. The average score was 89.4 * 12.36 for MEPS, 42.68 + 4.03
for OES, and 8.1 * 15.38 for the QuickDASH. The patient satisfaction was rated 3.8 + 1.08 on average. The
mean flexion of the affected elbow was 137.6 = 12.68 degrees while extension deficit was present in 14/25
patients, with a mean of 8.6 + 8.96 degrees. We did not observe any mal- or non-unions. The re-operation
rate was 32% primarily due to stiffness and irritation from the hardware. We noticed one spontaneously
resolved ulnar nerve palsy, one combined radial, and ulnar nerve palsy after extensive arthrolysis that also
resolved two cases of heterotopic ossification, one case of implant failure, and two cases of infection - one
superficial, which was managed with antibiotics, and the other was deep managed with surgical drainage.

Conclusions

In our series, we found a satisfying range of motion, good functional outcome, and adequate ability to
perform daily activities at a very long follow-up. Posttraumatic arthritis, whenever present, does not
seriously affect functional performance.

Level of evidence: IV

Categories: Orthopedics
Keywords: ao type b-c, long-term follow up, complications, internal fixation, intra-articular fractures, distal humerus

Introduction

The overall incidence of distal humeral fractures in adults has been estimated to be 5.7 cases per 100,000
person-years, with an almost equal male to female ratio and a bimodal age distribution with one peak in
young males and a second peak in elderly females [1]. More recent epidemiological studies have shown
increased risk in older patients (83% > 50 years) due to a simple or an unspecified fall (79% > 50 years) with a
female/male ratio of 2.4:1; among them 59.2% were specified as intra-articular according to AO/OTA
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classification (type B: 25.1%, type C:34.1%) [2-3].

AO type B and C fractures are considered unstable due to their intra-articular extension and/or comminution
and require meticulous surgical intervention. In reality, a proper anatomical reduction and adequate
internal fixation can become a real challenge [4-6]. Despite the evolution of surgical approaches and design
of elbow-specific implants in the last decades, recent studies have failed to show significantly improved
outcomes [7-11]. Malunion, nonunion, deformity, stiffness, heterotopic ossification, and complications from
the olecranon osteotomy and the ulnar nerve are consistently reported and are mainly related to cartilage
loss, inadequate reduction, and suboptimal fixation [4, 12-15]. Yetter et al. reported recently in their
systematic review and meta-analysis a total complication and reoperation rate of 53.4% and

20.8% respectively [15]. Nevertheless, malunion is not necessarily correlated always with unsatisfactory
results [16,17]. To our knowledge, few studies have presented long-term results of such fractures [18-21].
The purpose of this study was to retrospectively review the long-term functional outcome and complications
of all available patients with intra-articular distal humerus fractures, treated surgically in our university
hospital in the last 25 years.

Materials And Methods
Study population

All patients that sustained an intra-articular distal humeral fracture between March 1991 and April 2016
were identified from the electronic database of our Orthopaedic Department. The exclusion criteria were
extra-articular fractures (AO/OTA type A), ipsilateral fractures of distal humerus and forearm (floating
elbow), preexisting deformity, stiffness or neurological deficit in the ipsilateral upper limb, and previous
surgery to the same elbow. Our initial search identified 63 patients treated for an intra-articular distal
humerus fracture (AO/OTA type B, C) in the study period. Patients were treated by two experienced
orthopaedic surgeons. Twelve patients had died, nine declined to participate, eight had emigrated, nine
could not be located and one patient had been excluded due to quadriplegia unrelated to the initial injury at
the final follow-up. The remaining 25 patients were included in a follow-up study protocol that had been
approved by our institutional review board with approval no. 144/06.06.2020/AAA6NQ346906T-D6Q).

Patient characteristics

Twenty-five patients were re-examined clinically and radiographically between January 2020 and March
2021, at a mean of 158.16%73.73 (48-305) months after the initial treatment. Open reduction and internal
fixation were performed at an average of 2.4 days (1-6 days) after the injury and the mean hospital stay was
4.8 days (4-35). There were eight patients (32%) with concomitant injuries in other locations requiring
prolonged hospitalization. The patients were routinely re-examined at three, six, and twelve months
postoperatively. The raw data including a full demographic profile, patient age, sex, and a standardized
radiological workup was collected from the Hospital’s files.

Fracture classification

Two of the authors (AP, KS) reviewed independently the primary radiographs to classify the fractures
according to AO/OTA classification [3] and to evaluate implant position, heterotopic ossification and
evidence of posttraumatic arthritis. There were six type B (2 B1, 1 B2, 3 B3) and 19 type C fractures (1 C1, 12
C2 and 6 C3).

Surgical technique

All patients were operated under general anesthesia in the prone or lateral decubitus position with the
involved arm hanging over a radiolucent arm support. High arm tourniquet inflated to 250-280 mmHg was
used in all cases and three doses of a second-generation cephalosporine (Ceforanide) for antibiotic
prophylaxis. After proper arm preparation and draping, a standard posterior midline approach was used with
ulnar nerve preparation, identification, and protection. A V-type (chevron) osteotomy of the olecranon with
a proximal reflection of the osteotomized olecranon and the extensor apparatus was used in 21 cases,
whereas a lateral Koher approach was used in other four cases. Open reduction and internal fixation (ORIF)
were achieved with headless screws, K-wires, or plates (3.5mm DCP, 3.5mm LCP, one-third tubular plates, or
3.5mm pelvic reconstruction plates, at 90° or 0°). Double plating was used in 11 cases. Anterior ulnar nerve
transposition was not performed unless the nerve was in contact with implants at the end of surgery (n=8).
Olecranon osteotomy was fixed with the tension band technique (n=16) using two 2.00mm K-wires or a
6.5mm cancellous lag screw (n=4). Soft tissues were closed in layers. A suction drain and an above-elbow
removable cast were applied in all patients. Passive flexion and extension were commenced on the second or
third postoperative day as pain allowed. The removable cast was discontinued after two to three weeks
depending on the fracture pattern, stability of fixation, and the patient’s cooperation. A program of
extensive active physiotherapy of the elbow was then initiated. At the final follow-up, the patients were
either assessed in the outpatient department of our hospital by an independent examiner (KS) not involved
in the initial treatment or by other orthopedic surgeons in the patient’s residential area since transfer was
difficult due to Covid-19 imposed restrictions. Data of the latter was sent to us later. A detailed clinical
examination including range of motion (ROM) in both elbows, pain at fracture site, and elbow stability were
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recorded.

Outcome assessment

L Patient-Reported Outcome Measurements (PROMs)

All patients completed the Greek version of the QuickDASH score and the original versions of the Mayo
Elbow Performance Score (MEPS) and the Oxford Elbow Score (OES) questionnaires. As no formal Greek
translations exists for the latter two scores, these were administered by an independent investigator (KS) and
explained to the patients. Patients were also asked to classify their pain on a scale from 0 to 10, where 0
indicated no pain and 10 the worst pain, according to the Numeric Pain Rating Scale (NPRS). We also
examined the relationship between the score on each of the outcome instruments (MEPS, OES, DASH) with
six demographic and clinical variables: age, gender, AO/OTA classification (B or C), follow-up time, ROM,
and pain.

I Satisfaction, Complications, and Radiological Evaluation

At the final follow up, satisfaction was assessed and categorized in terms of pain relief, functional
performance in daily activities and recreational activities, in five groups as: very satisfied (5), satisfied (4),
somewhat satisfied (3), unsatisfied (2), disappointed (1). Moreover, all post-operative complications and
reoperations were recorded. No intraoperative complication was reported.

Statistical analysis

All quantitative variables were examined for normality with the Shapiro-Wilk test, and most of them were
found to be non-normal. Therefore, non-parametric statistical tests were used in order to identify
correlations or associations. Quantitative-quantitative correlations were assessed with Spearman’s rho
correlation, while quantitative-qualitative associations were assessed with Wilcoxon rank-sum test.
Regarding the descriptive statistics, mean * standard deviation was used for quantitative variables, while
count (%) for qualitative variables. All of the statistical tests were two-sided, and statistical significance was
considered when p<0.05. The statistical analysis was performed in R, the language for statistical computing,
along with the use of the RStudio IDE (RStudio, PBC, Boston, MA), both of which are open-source products.

Results

Twenty-five patients were available at the final follow-up evaluation, at a mean of 158.16%73.73 (48-305)
months after the index operation (Table 7). Both injured and uninjured sides were evaluated. There were
eight males and 17 females with a mean age of 44.2+19.67 (18-82) years at the time of injury; the mean age
at the time of follow-up was 57.48+18.3 (29-96) years. A simple fall on the elbow from a standing height was
the most common mode of trauma (n=19), followed by road traffic accidents (n=5) and one fall from a
substantial height. Eight patients (32%) had associated injuries elsewhere, including three polytrauma
patients; one patient had a Gustilo I open fracture. At the time of injury, 11 patients were employed as
laborers, four were white-collar workers, two were students, and eight were homemakers. The fractures
occurred in 15 right and 10 left elbows. Open reduction and internal fixation were performed at an average
of 2.4 days (one to six days) after the injury and the mean hospital stay was 4.8 days (4-35).
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Case Age Age Follow up Flexion Extension’s Quick Reoperation
Sex AO NPRS MEPS OES Satisfaction Complications Arthritis (grade 0

number  (surgery) (fup) time (months)  (degrees) deficit (degrees) DASH (n)

to 3)

1 28 36 M c2 95 140 0 1 100 48 0.0 3 nla

2 39 61 F B3 263 140 0 1 95 46 23 5 nla

3 52 60 F Cc3 89 140 0 1 95 44 23 5 nla

4 72 88 F c2 186 140 0 1 95 45 23 4 1

5 il 80 F Cc2 119 140 20 4 80 34 20.5 4 3

6 62 66 F C3 48 140 20 7 80 32 1.4 4 3

7 60 64 F B3 48 110 10 1 95 43 6.8 2 Pain-stiffness 2 1

8 40 52 F c2 141 140 10 1 95 45 23 4 nla

9 24 50 M Cc3 305 150 0 1 95 44 0.0 2 Pain-stiffness 1 1

10 64 80 F c2 187 150 0 4 95 41 18.2 4 Pain-stiffness nla 1

1" 82 96 M c2 163 140 0 3 55 43 75.0 4 2

12 45 54 F B1 108 140 0 4 85 43 23 4 nla

13 40 59 F Cc2 229 140 0 1 95 45 6.8 5 nla

14 53 59 M B2 66 150 10 9 55 33 18.2 5 Pain-stiffness 3 1

15 21 29 F Cc1 107 140 15 1 100 45 0.0 5 nla

16 27 4 M c2 176 140 20 2 85 44 4.5 2 Deep infection 2 1

17 27 4 F c2 175 140 10 1 100 45 0.0 5 0

18 18 33 M c2 176 140 10 1 100 45 0.0 2 Superficial infection 1

19 54 74 F C3 240 150 0 1 85 41 13.6 4 nla

20 18 39 M C2 254 140 10 1 100 45 0.0 4 0

21 18 33 M Cc3 171 100 20 1 95 45 0.0 4 Pain-stiffness nla 1

22 31 44 F Cc3 154 150 0 1 85 44 0.0 3 nla

23 74 81 F B3 83 130 30 2 80 41 11.4 2 Stiffness (HO) n/a 1

24 33 57 F Cc2 282 140 15 0 100 45 0.0 4 Resolved ulnar nerve palsy 0

Hardware failure, Resolved
25 52 60 F Bl 89 110 15 1 90 4 45 5 2 3
radial and ulnar nerve palsies

TABLE 1: Demographic data, range of motion, clinical outcome, complications and reoperations
of the included patients.

M — Male, F — Female, NPRS — Numeric Pain Rating Scale, MEPS — Mayo Elbow Performance Score, OES — Oxford Elbow Score, HO-Heterotopic
Ossification, n/a — non applicable

All patients presented with a normal ROM on the unaffected elbow. The mean range of flexion of the
affected elbow was 137.60+12.68 (100-150) degrees and the mean extension deficit 8.60+8.96 (0-30) degrees.
Three patients (Nos. 7, 21, 25 respectively) had severe restriction of elbow motion (flexion < 110° and
extension deficit 10°, 15°, and 20° respectively); all of them had undergone surgical release and implant
removal at a mean of 6 to 16 months after the initial operation (Table 2).
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Variable

Age (surgery)

Age (fup)

AO type

Follow up time (months)

Flexion (degrees)

Extension's deficit (degrees)

NPRS

MEPS

QUICK DASH

Satisfaction

Descriptives *

44.20 £ 19.67 (18 - 82)

57.48 £ 18.30 (29 - 96)

17 (68%)

8 (32%)

6 (24%)

19 (76%)

158.16 £ 73.73 (48 - 305)

137.60 + 12.68 (100 - 150)

8.60 £ 8.96 (0 - 30)

2.04+2.11(0-9)

89.4 + 12.36 (55 - 100)

42.68 +4.03 (32 - 48)

810 15.38 (0 - 75)

3.65£1.06 (2-5)

quantitative variables: mean + SD (min - max), qualitative variables: count (%)

TABLE 2: Clinical outcome of the included patients

fup — follow up period, F — Female, M — Male, NPRS — Numeric Pain Rating Scale, MEPS — Mayo Elbow Performance Score, OES — Oxford Elbow Score

The mean MEPS score was 89.4+12.36 (55-100) and in 16 patients the results scored as “excellent” while
seven patients achieved a “good” result and two had “poor”. One of the latter (No=11) was bedridden (96
years old) while the other one (No=14) was a builder who reported chronic pain. The mean OES was
42.68+4.03 (32-48); 22 out of 25 patients rated between 40 to 48 and had a satisfactory function without
clinical evidence of severe posttraumatic arthritis. As we didn’t obtain radiological evaluation in all patients
due to their refusal or inability to attend our outpatient department, we were not able to correlate the values
of OES with the degree of arthritis. In three patients, however (Nos. 5, 6, and 14 respectively), with very low
OES (34, 32, and 33 in respect) the radiological evaluation revealed severe arthritis (stage 3 according to
Broberg and Morrey classification). The mean QuickDASH Score was 8.10+15.38 (0-75). Fourteen patients
achieved an “excellent” score, four “good”, and six patients had a “satisfactory” outcome. Only one patient
(the bedridden one) had a poor result. Finally, in the NPRS evaluation, only two patients had severe

pain; patient No. 14 had serious pain (9/10), despite a secondary surgical treatment for implant removal and
joint arthrolysis one year after the initial operation; his radiological evaluation revealed a grade 3
posttraumatic arthritis, but he refused any further treatment. Patients were in general satisfied with the
treatment having a mean satisfaction score of 4.06  0.97 for the female patients and 3.25 * 1.16 for the male
patients. Five patients (20%) were unsatisfied with the final outcome.

There was no statistical significant correlation of sex, type of fracture, length of follow up and ROM with
any of the PROMS; only OES had a strong association with the length of follow-up, probably as it is a specific
score for the detection of elbow arthritis. The parameters of age, both at the index procedure and at follow
up and the NPRS had statistical significant correlation with the clinical scores (Table 3).
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Variable

Age (surgery)

Age (fup)

AO

Follow up time (months)
Flexion (degrees)
Extension's deficit (degrees)

NPRS

MEPS OES QUICK DASH
descriptives * p-value descriptives * p-value descriptives * p-value
-66.37% <0.001 -65.13% <0.001 84.46% <0.001
-60.09% 0,001 -57.83% 0,002 80.50% <0.001
0833 0418 0353
91.18£7.19 42.35+3.92 6.16+6.57
85.62+19.54 43.38+4.44 1221+ 26.14
0,107 0,141 0,180
83.33 + 15.06 4117 £4.40 7.58+6.22
91.32+ 11.16 4316+3.91 826+ 17.45
39.09% 0,053 46.11% 0,020 -30.41% 0,139
1247% 0,562 -16.09% 0442 7.62% 0717
-11.70% 0577 -23.38% 0,261 4.39% 0835
73.89% <0.001 T1.77% <0.001 70.11% <0.001

titative targets:

targets: mean + SD per target level

TABLE 3: Inferential analysis of different variables with clinical scores

fup — follow up period, F — Female, M — Male, NPRS — Numeric Pain Rating Scale, MEPS — Mayo Elbow Performance Score, OES — Oxford Elbow Score

The overall rate of postoperative complications was 40% (10/25 patients); six of them demonstrated
postoperative stiffness and underwent implant removal and arthrolysis. Symptoms were resolved and ROM
improved in four of them; one patient was not improved but declined any further treatment and another
one with severe heterotopic ossification was partially improved. There was one early superficial infection
managed with intravenous antibiotics and one late deep infection (nine weeks postoperatively) treated with
surgical lavage and implant removal as the fracture was already healed. One patient developed
postoperatively ulnar nerve palsy that was resolved spontaneously six months later. Finally, one patient
(No. 25) with a coronal shear fracture (B1) demonstrated implant failure (protrusion of a Hebert screw) and
underwent removal; six months later she had compromised ROM and underwent extensive arthrolysis that
improved motion but was complicated with ulnar and radial nerve palsies that resolved nine months later.
At her last follow up she had a reasonable ROM 110-15 degrees, good PROMS, and grade 2 arthritis. The
overall reoperation rate was 32% (8/25 patients). In seven patients, the K-wires of the olecranon osteotomy
fixation were removed under local anesthesia.

We managed to obtain radiographs from only 13/25 patients, because of the limited movement of people due
to Covid-19 or their reluctance to undergo radiological examination. In three of them (No =5, 6, and 14
respectively), were depicted signs of severe posttraumatic arthritis (grade 3). They had moderate to severe
elbow pain and scored low in all PROMS. Two of these patients (No. 5 and 14) firmly refused any further
surgical intervention. The other (No. 6) had been examined by a private orthopaedic doctor and it is
unknown what has been discussed (Figure 7). Four patients (Nos. 7, 11, 16, and 25 respectively)
demonstrated grade 2 arthritis but they had a good clinical outcome except one. The remaining six patients
had almost normal radiographs (grade O or 1) and all of them had excellent PROMS.
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FIGURE 1: A case of type C intra-articular fracture

(a) preoperative anteroposterior and lateral radiograph of an intraarticular fracture of the distal humerus (patient
No 6), (b) one-month postoperative radiograph showing adequate reduction with the use of double plating, (c) late
follow-up radiograph showing grade 3 post-traumatic arthritis; these patients had also removal of KW under local
anesthesia.

Discussion

Open reduction and internal fixation remain the gold standard treatment of intraarticular fractures of the
distal humerus with the restoration of the articular surface being paramount [7, 22]. Factors contributing to
the complexity of these fractures are the small dimension of fragments which can limit screw fixation and
osteoporosis requiring implants providing good bone purchase [12, 16, 23, 24]. Despite advances in implant
design, several retrospective studies still present high complication rates, moderate functional results, and
high revision rates [9, 14, 25]. Yetter et al. reported in their systematic review and meta-analysis (83 studies)
a total complication and reoperation rate of 53.4% and 20.8% in respect among 2362 elbows (83% type C and
17% type B) and follow-up times to a mean period of 2.6 years [15]. The most common complication was
implant irritation, malfunction or discomfort (10.1%), followed by ulnar neuropathy (8.2%), osteoarthritis
(7.8%), elbow stiffness/contracture (7.5%), heterotopic ossification (5.1%) and infection (4.4%). Implant
removal (11.4%), revision ORIF or total elbow arthroplasty (3.5%), and surgical release (2.8%) were the most
commonly reported reoperations [15].

In our study, elbow ROM was not significantly restricted having a mean flexion of 137.60 degrees while the
extension was restricted in 14 patients with a mean extension deficit of 8.60 degrees. The ability of patients
to perform daily tasks with the injured elbow was rated by MEPS with a mean 89.4% of the maximal possible
value. Moreover, elbow pain, elbow function, and social-psychological effects were assessed by a patient-
focused outcome measure OES, with a mean value of 42.68. QuickDASH score was performed to evaluate an
individual’s ability to complete tasks, absorb forces, and the severity of symptoms, and was rated with a
mean of 8.10. These results suggest that most patients had a good outcome and almost normal elbow
function in daily living activities.

Comparing our results with ones presented in previous long-term studies of similar fractures, Elhage et al.
reviewed 55 patients, showed that 70.9% of the patients had above 120° flexion and 7.27% had less than 100°
of flexion, in comparison with 91.3% of patients with flexion above 140° and 8.6% with flexion less than
110° in our study. Their cohort had 38.38% of the patients with >30° extension deficit, 40% with deficit 15°-
20°, and 21.81% with deficit < 15°. The mean MEPS rated 78.8% in contrast to 89.4% in our study [18]. In a
previous study from our department with a mean follow-up of 70.2 months in 26 patients, 23.1% had
excellent results according to Morrey score, 57.6% very good and 19.3% fair. Besides elbow stiffness,
infection, and ulnar nerve palsy, other complications reported were K-wire migration (n=3), scar breakdown
(n=1), instrumentation failure (n=1), and heterotopic ossification (n=3). The overall re-operation rate was
reported as 38.4%, compared to 32% of our study [19].

Doornberg et al. reported the long-term results of 30 patients with type C fractures in a mean follow-up
period of 18 years (12-30 years). The average final flexion arc was 106°, the average (DASH) score was 7
points, and the average M EPS 91 points. Including one patient treated with elbow arthrodesis, the final
categorical ratings were 19 excellent results, seven good results, one fair result, and three poor results.
Interestingly, the presence of arthrosis did not appear to correlate with pain or predict disability or function.
Subsequent procedures were performed in twelve patients (40%) [20]. Finally, Saragaglia et al. reported on
74 patients (33 type A, 6 type B, 35 type C fractures) treated with an inverted Y shape plate (Lambda® plate,
Zimmer, Etupes, France) and evaluated after a mean follow-up of 11564 months [21]. Mean elbow ROM
exceeded 100° in 58 patients (77%), was between 50° and 100° in 16 (21%), and was less than 50° in one.
Mean MEPS was 97+7 points and mean QuickDASH was 10 * 18. There were 67 excellent results, five good,
two moderate, and one poor, without significant difference in the group of 35 type-C fractures. They also
reported one case of non-union of the lateral condyle and one of the distal part of the humerus, two cases of
dysesthesia in the ulnar nerve and one in the radial nerve, and four cases of stiffness requiring surgical
arthrolysis [21].

Coronal shear fractures of the distal humerus (type B) pose a substantial challenge as reduction and
stabilization are usually demanding [4, 26, 27]. Mighell et al. reported on 18 patients at a mean follow-up of
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26 months; the average arc of motion was 128° and the mean Morrey score was 93.3; three patients
developed avascular necrosis and five, posttraumatic arthritis [26]. Teng and Zhong reviewed 19 patients
with the mean elbow flexion-extension arc 130.5° and the mean MEPS 85.8. Three patients developed
degenerative osteoarthritis and one case heterotopic ossification; a total of 10 patients (53%) underwent
removal of implants [27]. Finally, Ashwood et al., in a study of 26 patients who were assessed at mean 46
months postoperatively reported excellent results in nine patients, good in nine, and fair in eight; six
patients had altered their roles from manual to administrative work. Three out of six coronal shear fractures
treated in our study required revision for implant removal and one followed a rehabilitation program for a
longer period due to limited ROM and pain. At the last follow up they achieved satisfying ROM with mean
MEPS, OES, and QuickDASH scores of 83.33, 41.17, and 7.58 respectively [4].

The main limitations of our retrospective study are the small size of the cohort, the heterogeneous
population with young/old and high/low energy mechanisms, the heterogeneous fracture types, and the
wide range of follow-up lengths. The mean follow-up period was 158.16+73.73 months (48-305), which is
one of the longest found in the literature. In this long time span, most patients did not seek any
postoperative advice so no information regarding medical history in the meantime was available. Moreover,
we acknowledge our inability to re-examine all patients at the outpatient department of our institution,
because of the imposed restrictive measures due to COVID-19. Our purpose was to analyze the very long-
term functional outcome in displaced intra-articular fractures; hence we studied the functional scores and
ROM, without assessing radiographic control at the last follow-up.

Conclusions

We report a small series of surgically treated intra-articular distal humerus fractures that have been followed
up for a long time. We achieved a satisfactory range of motion, good functional outcome, and adequate daily
activities’ performance. Our results, compared with the ones of similar studies with shorter follow-up,
indicate that the outcome of such fractures remains substantially the same after a mean of 13 years.
Posttraumatic arthritis, whenever present, can seriously affect functional performance.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Patras University
Hospital ethics committee issued approval 144/06.06.2020/AAA6NQ346906I-®6Q. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Robinson CM, Hill RM, Jacobs N, Dall G, Court-Brown CM: Adult distal humeral metaphyseal fractures:
epidemiology and results of treatment. ] Orthop Trauma. 2003, 17:38-47. 10.1097/00005131-200301000-
00006

2. 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.
10.1186/s12891-016-1009-8

3. Marsh JL, Slongo TF, Agel ], et al.: Fracture and dislocation classification compendium - 2007: Orthopaedic
Trauma Association classification, database and outcomes committee. ] Orthop Trauma. 2007, 21:S1-133.
10.1097/00005131-200711101-00001

4. Ashwood N, Verma M, Hamlet M, Garlapati A, Fogg Q: Transarticular shear fractures of the distal humerus .
Shoulder Elbow Surg. 2010, 19:46-52. 10.1016/j.jse.2009.07.061

5. Cannada L, Loeffler B, Zadnik MB, Eglseder AW: Treatment of high-energy supracondylar/intercondylar
fractures of the distal humerus. ] Surg Orthop Adv. 2011, 20:230-5.

6. Broberg MA, Morrey BF: Results of delayed excision of the radial head after fracture . ] Bone Joint Surg Am.
1986, 68:669-74.

7.  Zalavras CG, Papasoulis E: Intra-articular fractures of the distal humerus-a review of the current practice .
Int Orthop. 2018, 42:2653-62. 10.1007/s00264-017-3719-4

8.  Schmidt-Horlohé K, Wilde P, Bonk A, Becker L, Hoffmann R: One-third tubular-hook-plate osteosynthesis
for olecranon osteotomies in distal humerus type-C fractures: a preliminary report of results and
complications. Injury. 2012, 43:295-300. 10.1016/j.injury.2011.06.418

9. Patel SS, Mir HR, Horowitz E, Smith C, Ahmed AS, Downes K, Nydick JA: ORIF of distal humerus fractures
with modern pre-contoured implants is still associated with a high rate of complications. Indian J Orthop.
2020, 54:570-9. 10.1007/s43465-020-00124-4

10. Elmadag M, Erdil M, Bilsel K, Acar MA, Tuncer N, Tuncay I: The olecranon osteotomy provides better
outcome than the triceps-lifting approach for the treatment of distal humerus fractures. Eur | Orthop Surg
Traumatol. 2014, 24:43-50. 10.1007/s00590-012-1149-y

11.  ChenH, Li D, Zhang |, Xiong X: Comparison of treatments in patients with distal humerus intercondylar

—

2022 Tyllianakis et al. Cureus 14(1): €21094. DOI 10.7759/cureus.21094 8of9


https://dx.doi.org/10.1097/00005131-200301000-00006
https://dx.doi.org/10.1097/00005131-200301000-00006
https://dx.doi.org/10.1186/s12891-016-1009-8
https://dx.doi.org/10.1186/s12891-016-1009-8
https://dx.doi.org/10.1097/00005131-200711101-00001
https://dx.doi.org/10.1097/00005131-200711101-00001
https://dx.doi.org/10.1016/j.jse.2009.07.061
https://dx.doi.org/10.1016/j.jse.2009.07.061
https://pubmed.ncbi.nlm.nih.gov/22381415/
https://pubmed.ncbi.nlm.nih.gov/3722222/
https://dx.doi.org/10.1007/s00264-017-3719-4
https://dx.doi.org/10.1007/s00264-017-3719-4
https://dx.doi.org/10.1016/j.injury.2011.06.418
https://dx.doi.org/10.1016/j.injury.2011.06.418
https://dx.doi.org/10.1007/s43465-020-00124-4
https://dx.doi.org/10.1007/s43465-020-00124-4
https://dx.doi.org/10.1007/s00590-012-1149-y
https://dx.doi.org/10.1007/s00590-012-1149-y
https://dx.doi.org/10.1080/07853890.2017.1335429

Cureus

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

fracture: a systematic review and meta-analysis. Ann Med. 2017, 49:613-25.
10.1080/07853890.2017.1335429

Biz C, Sperotto SP, Maschio N, Borella M, Iacobellis C, Ruggieri P: The challenging surgical treatment of
closed distal humerus fractures in elderly and octogenarian patients: radiographic and functional outcomes
with a minimum follow-up of 24 months. Arch Orthop Trauma Surg. 2017, 137:1371-83. 10.1007/s00402-
017-2762-3

Lee SK, Kim KJ, Park KH, Choy WS: A comparison between orthogonal and parallel plating methods for
distal humerus fractures: a prospective randomized trial. Eur ] Orthop Surg Traumatol. 2014, 24:1123-31.
10.1007/s00590-013-1286-y

Savvidou OD, Zampeli F, Koutsouradis P, Chloros GD, Kaspiris A, Sourmelis S, Papagelopoulos PJ:
Complications of open reduction and internal fixation of distal humerus fractures . EFORT Open Rev. 2018,
3:558-67. 10.1302/2058-5241.3.180009

Yetter TR, Weatherby PJ, Somerson JS: Complications of articular distal humeral fracture fixation: a
systematic review and meta-analysis. ] Shoulder Elbow Surg. 2021, 30:1957-67. 10.1016/j.jse.2021.02.017
Clavert P, Ducrot G, Sirveaux F, Fabre T, Mansat P: Outcomes of distal humerus fractures in patients above
65 years of age treated by plate fixation. Orthop Traumatol Surg Res. 2013, 99:771-7.
10.1016/j.0tsr.2013.08.001

Tomori Y, Nanno M, Takai S: Outcomes of nonsurgical treatment for transcondylar humeral fractures in
adults: Clinical results of nonoperative management. Medicine (Baltimore). 2019, 98:e17973.
10.1097/MD.0000000000017973

Elhage R, Maynou C, Jugnet PM, Mestdagh H: Long term results of the surgical treatment of bicondylar
fractures of the distal humerus extremity in adults [article in French]. Chir Main. 2001, 20:144-54.
10.1016/s1297-3203(01)00026-9

Tyllianakis M, Panagopoulos A, Papadopoulos AX, Kaisidis A, Zouboulis P: Functional evaluation of
comminuted intra-articular fractures of the distal humerus (AO type C). Long term results in twenty-six
patients. Acta Orthop Belg. 2004, 70:123-30.

Doornberg JN, van Duijn PJ, Linzel D, Ring DC, Zurakowski D, Marti RK, Kloen P: Surgical treatment of
intra-articular fractures of the distal part of the humerus. Functional outcome after twelve to thirty years. |
Bone Joint Surg Am. 2007, 89:1524-32. 10.2106/]BJS.F.00369

Saragaglia D, Rouchy RC, Mercier N: Fractures of the distal humerus operated on using the Lambda® plate:
report of 75 cases at 9.5 years follow-up. Orthop Traumatol Surg Res. 2013, 99:707-12.
10.1016/j.0tsr.2013.04.007

Bégué T: Articular fractures of the distal humerus . Orthop Traumatol Surg Res. 2014, 100:S55-63.
10.1016/j.0tsr.2013.11.002

Park SH, Kim SJ, Park BC, et al.: Three-dimensional osseous micro-architecture of the distal humerus:
implications for internal fixation of osteoporotic fracture. ] Shoulder Elbow Surg. 2010, 19:244-50.
10.1016/j.jse.2009.08.005

Mayer R, Choo A, Zuelzer D: Distal humerus fractures in the elderly: when to fix and when to replace? . ]
Orthop Trauma. 2021, 35:511-5. 10.1097/BOT.000000000000225 1

Schemitsch C, Seeto B, Rubinger L, Vicente M, Schemitsch E, McKee M: Functional outcome following elbow
release and hardware removal after bicolumnar fixation of distal humeral fractures. Injury. 2020, 51:1592-6.
10.1016/j.injury.2020.04.039

Mighell M, Virani NA, Shannon R, Echols EL Jr, Badman BL, Keating CJ: Large coronal shear fractures of the
capitellum and trochlea treated with headless compression screws. ] Shoulder Elbow Surg. 2010, 19:38-45.
10.1016/j.jse.2009.05.012

Teng L, Zhong G: Surgical treatment of comminuted coronal shear fracture of distal humerus . Orthop Surg.
2020, 12:1439-47. 10.1111/0s.12765

2022 Tyllianakis et al. Cureus 14(1): €21094. DOI 10.7759/cureus.21094

90f9


https://dx.doi.org/10.1080/07853890.2017.1335429
https://dx.doi.org/10.1007/s00402-017-2762-3
https://dx.doi.org/10.1007/s00402-017-2762-3
https://dx.doi.org/10.1007/s00590-013-1286-y
https://dx.doi.org/10.1007/s00590-013-1286-y
https://dx.doi.org/10.1302/2058-5241.3.180009
https://dx.doi.org/10.1302/2058-5241.3.180009
https://dx.doi.org/10.1016/j.jse.2021.02.017
https://dx.doi.org/10.1016/j.jse.2021.02.017
https://dx.doi.org/10.1016/j.otsr.2013.08.001
https://dx.doi.org/10.1016/j.otsr.2013.08.001
https://dx.doi.org/10.1097/MD.0000000000017973
https://dx.doi.org/10.1097/MD.0000000000017973
https://dx.doi.org/10.1016/s1297-3203(01)00026-9
https://dx.doi.org/10.1016/s1297-3203(01)00026-9
https://pubmed.ncbi.nlm.nih.gov/15165013/
https://dx.doi.org/10.2106/JBJS.F.00369
https://dx.doi.org/10.2106/JBJS.F.00369
https://dx.doi.org/10.1016/j.otsr.2013.04.007
https://dx.doi.org/10.1016/j.otsr.2013.04.007
https://dx.doi.org/10.1016/j.otsr.2013.11.002
https://dx.doi.org/10.1016/j.otsr.2013.11.002
https://dx.doi.org/10.1016/j.jse.2009.08.005
https://dx.doi.org/10.1016/j.jse.2009.08.005
https://dx.doi.org/10.1097/BOT.0000000000002231
https://dx.doi.org/10.1097/BOT.0000000000002231
https://dx.doi.org/10.1016/j.injury.2020.04.039
https://dx.doi.org/10.1016/j.injury.2020.04.039
https://dx.doi.org/10.1016/j.jse.2009.05.012
https://dx.doi.org/10.1016/j.jse.2009.05.012
https://dx.doi.org/10.1111/os.12765
https://dx.doi.org/10.1111/os.12765

	Long-Term Functional Outcomes and Complications of Intra-Articular (AO type B, C) Distal Humerus Fractures in Adults: A Retrospective Review
	Abstract
	Introduction
	Material and methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	Study population
	Patient characteristics
	Fracture classification
	Surgical technique
	Outcome assessment
	Statistical analysis

	Results
	TABLE 1: Demographic data, range of motion, clinical outcome, complications and reoperations of the included patients.
	TABLE 2: Clinical outcome of the included patients
	TABLE 3: Inferential analysis of different variables with clinical scores
	FIGURE 1: A case of type C intra-articular fracture

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


