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Abstract

Background: Modern treatment options of distal humerus fractures of active elderly patients are osteosynthesis
and total elbow arthroplasty. The evidence of outcomes of ORIF after AO/OTA C-type fractures mostly predates the
adoption of locking plates. We evaluated the results of open reduction and internal fixation of these fractures treated
exclusively with anatomic locking plates.

Methods: A retrospective cohort of 39 patients aged 65 years or above with ORIF for AO/OTA C-type distal humerus
fracture using locking plates was analysed. 23 provided follow-up data and 14 attended a follow-up visit. Primary out-
come was the Oxford Elbow Score. Secondary outcomes were Mayo Elbow Performance Score, quickDASH, satisfac-
tion, range of motion, complications and revision surgeries.

Results: Mean Oxford Elbow Score pain was 83 (SD 17), Oxford Elbow Score function 83 (17) and Oxford Elbow
Score social-psychological 79 (20). Mean total Oxford Elbow Score was 81 (15). Among the 14 patients who attended
a follow-up visit, Mayo Elbow Performance Score was 85 (17), gDASH 19 (16), active arc of motion 119 (19) degrees.
Mayo Elbow Performance Score and arc of motion were worse than on the healthy side. One patient had a serious
deep infection. Eleven patients had at least one revision surgery, of which 6 were implant removals and 2 subsequent
total elbow arthroplasties.

Conclusions: Distal AO/OTA C-type distal humerus fractures in older adults can be treated reliably and with good
outcomes with ORIF using modern locking plates. The mean qDASH scores are similar to population normal values,
but when compared to the healthy arm, single-arm outcomes indicated somewhat impaired function. About 1in 4
patients had at least one revision surgery.
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Background

Fractures of the distal humerus in old adults are chal-
lenging due to poor bone quality and frequent frac-
ture comminution. Modern treatment options include

*Correspondence: tuomas.ahdeoja@hus open reduction and internal fixation (ORIF) with lock-
2 Finnish Centre for Evidence-Based Orthopaedics (FICEBO), Department Ing plates %n.d total ?lbow arthr(.)[?lasty (TEA) Whlch
of Orthopaedics and Traumatology, University of Helsinki and Helsinki can restore joint function and stability [1, 2]. The surgi-
University Hospital, Topeliuksenkatu 5,00029 Helsinki, HUS, Finland cal outcomes have been reported to be similar in ORIF

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-8816-9497
http://orcid.org/0000-0002-0967-682X
http://orcid.org/0000-0002-9053-8888
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05431-5&domain=pdf

Kervinen et al. BMC Musculoskeletal Disorders (2022) 23:523

and TEA, but the complication profiles differ [3]. Revi-
sion surgeries are commonly reported following ORIF,
while deep infections after TEA are difficult to manage
and many surgeons recommend a permanent limb load-
ing limitation after a TEA [2, 3]. Nonsurgical treatment
with cast immobilisation, also known as a “Bag of bones”
treatment, has been used in elderly low-demand patients
with acceptable outcomes considering the patient group
[4].

The current literature on outcomes after ORIF in older
adults are largely patient series where non-locking plates
have been used [3]. Biomechanical studies have shown
that in poor quality bone, locking plates provide a more
rigid fixation than non-locking constructs. The options
available with modern anatomic plates technically allow
ORIF of almost all types of distal humerus fractures [5].
The outcomes in general adult population support ORIF
as the first line treatment, but in the older population
there is a paucity of evidence of outcomes with modern
implants to guide treatment choices [6]. The age limit
of “elderly” or “older adult” varies in studies. In Fin-
land most people have retired from active work life by
65 years, making 65 years a natural choice for “elderly” or
“older adult” in the Finnish population [3].

The purpose of the study was to evaluate the results
of ORIF of AO/OTA C-type (complete articular) dis-
tal humerus fractures treated exclusively with anatomic
locking plates, in patients at least 65 years of age at the
time of injury.

Methods

This was a retrospective cohort study with a patient file
review and a clinical or telephone follow-up, after a mini-
mum of 1 year after the injury. The study was approved
by the Helsinki and Uusimaa Hospital District ethics
committee (HUS/938/2017). Patients attending follow-
up gave a written informed consent and all the methods
were carried out in accordance with the Helsinki declara-
tion. We used the STROBE statement as a guide [7].

Eligibility criteria

Inclusion criteria: At least 65 years at old on the day of
the injury; AO/OTA C-type distal humerus fracture;
ORIF in Helsinki University Hospital (a large academic
trauma tertiary centre serving a population of 1.5 M)
between June 2009 and May 2016; minimum follow-up
of one year after surgery and the ability to answer ques-
tionnaires in Finnish. We excluded patients with patho-
logic fractures and patients with inflammatory joint
disease affecting the elbow. Anatomic locking plates had
been adopted to routine use by the start of study period.
TEA patients were not included. To be treated with
osteosynthesis, the fractures had to appear “reducible”
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by the responsible surgeon. At the time, very distal and
comminuted fractures were at the surgeon’s discre-
tion sometimes treated with primary TEA. We did not
include TEAs in this study as the number of TEAs were
very small. Also, the fractures treated with TEA were too
comminuted to be amenable to ORIF — hence the patient
groups are fundamentally not comparable due to differ-
ent fracture characteristics.

Patient accrual

Potentially eligible patients were identified from the elec-
tronic operating room database, using appropriate ICD-
10 code (S42.4) with any surgical procedure code. The
hospital records and patient radiographs were reviewed
in April 2017 by KK and MS to identify eligible patients
(Fig. 1). The patient and injury details, course and
method of treatment, interventions and adverse events,
clinical progression on outpatient visits after the injury,
possible date and cause of injury-related death were
extracted from electronic medical records.

Contact details of the patients were obtained from hos-
pital records, national population registry and telephone
directories. The patients were approached by letters and
telephone. The patients were asked to attend a follow-up
appointment for outcome measurements and a radio-
graph. Those unwilling or unable to visit were asked to
participate in a telephone interview. The follow-up took
place in May 2017.

Outcomes

Our primary outcome was the Oxford Elbow Score
(OES) of the injured arm. The OES is a validated, reli-
able, and responsive 12-item, three-domain (pain,
function, social-psychological (s-p)) patient-reported
outcome measure, specifically designed and developed
for assessing outcomes of elbow surgery [8]. Second-
ary outcomes were the Mayo Elbow Performance Score
(MEPS), Quick Disabilities of Arm and Shoulder and
Hand (qDASH) and subjective satisfaction with the func-
tion of operated elbow on numeric rating scale 0 to 10
(10 fully satisfied) [9, 10]. The active and passive elbow
flexion and extension were measured with a goniometer,
and forearm pronation-supination was measured with
a “Myrin” pro-supinometer (Medema, Solna, Sweden)
held in a fist between the 2" and 3™ fingers. Measure-
ments of the range of motion and MEPS items were
also obtained of the contralateral elbow of patients who
attended the follow-up visit to give an internal control.
Patients interviewed by telephone answered the OES
questions, injury side and arm dominance. Radiographs
were assessed regarding the primary treatment episode
(quality of reduction, appropriate placement of implants
as assessed by the senior authors, loss of reduction and
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‘ injury, any surgical treatment:

w Search of hospital records:
Distal humerus fracture, age 65 or older at the year of |

82 excluded patients:

' 67: A or B type fracture

5: Primary total elbow
arthroplasty

¥

2: Elbow arthroplasty for old
fracture / post-traumatic OA

Included patients:
‘ 39

2: Pathologic fracture
| | 6: Under 65 years on the day of
injury

» 16 lost to follow-up:

Follow-up:
23
14 full follow-up
9 telephone interview

2: Dead, related cause
8: Dead, unrelated cause
3: Declined to participate

| 2: Unable to participate
(neurologic condition)

1: Could not be contacted

Fig. 1 The study flowchart

complications during the primary follow-up) and at pos-
sible subsequent visits (development of osteoarthrosis,
migration of implants, other complications).

Surgeries, rehabilitation and clinical follow-up
The surgeries were performed either by or under the
direct supervision of an experienced orthopaedic trauma
surgeon within a few days of the injury, while open frac-
tures were operated emergently. The usual operative
protocol was general anaesthesia, lateral decubitus posi-
tion with arm support and hanging forearm, ORIF with
medial and lateral column fixation with anatomic locking
plates placed orthogonally according to the AO princi-
ples. 3.5 mm LCP Distal Humerus Plates or 3.5/2.7 mm
VA LCP Distal Humerus Plates (DePuy Synthes, Rayn-
ham, USA) were used. Computed tomography was rou-
tinely used to help preoperative planning. Olecranon
osteotomies were closed with a K-wire tension band or
plate. Cannulated screws, headless compression screws
and bioabsorbable pins were used to fix articular frag-
ments as necessary. Postoperative rehabilitation was
guided by a physiotherapist. Passive range of motion
exercises were begun immediately postoperatively, and
active exercises after 3 weeks and load bearing was grad-
ually allowed after 6 weeks. Arm sling was worn for com-
fort for up to 3 weeks.

During the primary treatment episodes patients were
typically followed in the outpatient clinic, including radi-
ographs, at 6 and 12 weeks. Follow-up was continued

until union of the fracture was established and adequate
function of the upper limb was regained.

Statistical methods

For comparisons of means of continuous data, we used
Student’s T-test to test statistical significance. Signifi-
cance level was set at p <0.05. There was no missing data
in the follow-up measurements.

Results

We included 39 patients of which 14 attended full follow-
up and 9 answered the telephone interview (Fig. 1). Mean
follow-up time of participating patients was 3.2 years (SD
1.6; range 1 to 6.2)). Patient demographics, fracture types
and injury mechanisms are presented in Table 1.

Outcomes

For the 23 patients with OES data, mean OES pain was
83 (SD 17), OES function 83 (17) and OES s-p 79 (20).
Mean total OES was 81 (15).

Secondary outcomes for the patients (n=14) who
attended full follow-up are presented in Table 2. The
MEPS and the flexion—extension range of motion were
statistically significantly lower in the injured elbows than
uninjured sides. One patient had flexion—extension arc
less than 105 degrees.

Radiographs were obtained from all of the 14 patients
who attended the follow-up visit. Four patients had
developed minor osteoarthritic changes since their pre-
vious radiograph taken during the primary treatment
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Table 1 Patient and treatment characteristics by follow-up status
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All OES data Follow-up visit Not available

Number (%) 39 (100%) 23 (59%") 14 (36%°) 16 (419%")
Age at injury® 759 (65.3-90.2) 75.0 (65.3-86.4) 74.2 (65.3-82.8) 77.2 (65.5-90.2)
Female 30 (77%) 20 (87%) 13 (93%) 10 (63%)
Fracture type

C1 22 (56%) 15 (65%) 8 (57%) 7 (44%)

2 4 (10%) 4(17%) 2 (14%)

a 13 (33%) 4(17%) 4 (29%) 9 (56%)

Open fracture 10 (26%) 3(13%) 1 (7%) 7 (44%)
Mechanisms of injury

Simple fall 31 (79%) 20 (87%) 12 (86%) 1 (69%)

Fall (<3 m) 3 (8%) 1 (4%) 0 2 (13%)

Fall while cycling 4 (10%) 2 (9%) 2 (14%) 2 (13%)

Other 1(3%) 0 0 1 (6%)
?mean (range). Years
b of total N
Table 2 Outcomes
Primary outcome, N=23 Injured arm
OES pain score 83 (17;44-100)
OES function " 83 (17, 44-100)
OES social-psychological ! 79 (20; 31-100)
OES Total " 81 (15;46-100)
Secondary outcomes, N=14 Injured arm Uninjured arm p+
Active arc of motion degrees 119 (19; 75-145) 146 (8; 135-160) <0.0001
Extension deficit (active) " 22 (14; 5-60) 1(6;-5-15) <0.0001
Maximum flexion (active) ! 141 (6; 130-150) 148 (5; 140-155) 0.003
Active forearm pro-supination arc " 177 (14; 150-200) 175 (17; 140-200) 0.7
Forearm pronation (active) ! 91 (19; 70-100) 90 (12;60-110) 0.9
Forearm supination (active) ! 86 (12; 60-100) 85 (16; 50-100) 09
MEPS points 85 (17;50-100) 100 (1; 95-100) 0.003
MEPS categories: excellent > 90 / good 87-89  number per category 6/4/3/1 14/0/0/0
/ fair 60-74 / poor < 60
gDASH points 19 (16; 2-43)
Subjective satisfaction NRS 0-10 9(1;7-10)

Data given as mean (SD; range) or numbers

* p comparing injured to the uninjured side

episode. No other late complications were evident on the
radiographs. Figure 2 shows the radiographs of a patient
with a good result (A) and the patient with the worst
range of motion (B).

Factors qualitatively associated with inferior outcomes
were nerve injuries and permanent extension deficit over
40 degrees. Qualitatively, the loss of points in MEPS
were almost always due to pain, not other factors. Also
qualitatively, chronic pain in the elbows without nerve

injuries was not associated with identifiable radiographic
or surgical factors. Due to sample size and heterogeneity
of data, no meaningful statistical analysis of predictors of
inferior results was possible.

Primary treatment episodes

The mean time from injury to first surgery was 2.2 (SD
2.0) days. All patients were treated with primary ORIF
and bicolumnar plating. The posterior paratripicital
approach with olecranon osteotomy was used in all cases
except 1. 35 olecranon osteotomies were closed with
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Fig. 2 Radiographs of patients with typical fractures resulting in. A a good result (OES 94, flexion—extension arc 125 degrees, MEPS 100, gDASH 10)
and B stiff elbow with moderate outcome (OES63, flexion—extension arc 75 degeres, MEPS 60, aDASH 38). 1: postinjury radiograph. 2: postinjury CT
3D reconstruction. 3: postoperative radiograph. 4: radiograph at follow-up (A: 1,8 years, B: 2,5 years)

K-wires and a tension band and 4 with a plate and screws.
21 surgeons were involved in the surgeries as seniors.

Mortality, revision surgeries and complications

The 30-day mortality was 2/39 (5%) and one-year mortal-
ity 4/39 (10%). The 30-day mortality was due to causes we
interpreted to be related to the injury and treatment: 1
patient died of perioperative myocardial infarction and 1
of pneumonia during post-injury stay in a rehabilitation
hospital. During the follow-up period, 8 (21%) patients
had died from unrelated causes, their mean lifetime after
the injury was 2.9 years (SD 1.6) and their mean time
from injury to patient file review was 4.3 (2.2) years.

The number of surgeries, reasons for revision surgeries
and description of treatment are given in Table 3.

There was 1 traumatic median and 2 traumatic radial
nerve injuries, and 1 major iatrogenic ulnar nerve injury
and 1 ulnar nerve entrapment after the surgery.

There were no minor infectious complications, nor het-
erotopic ossification.

10/39 (26%) patients had an open fracture, of whom
1 attended the follow-up visit and 2 answered the tel-
ephone questionnaire; 5 had died, 1 of a cause related to
the injury, 1 could not be reached and 1 was not able to
participate.
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Table 3 Numbers of surgeries and reasons for revision surgeries. Outcomes are shown for patients who required non-implant removal

revision surgeries related to the fracture treatment

Number  Number Reason for revision surgeries and description of treatment
of of
surgeries patients
1 28 Primary operation only, no complications
2 5 Implant irritation: Late removal of tension band
1 Implant irritation: Late removal of tension band and plates
1 Non-union of olecranon osteotomy: Reosteosynthesis (good result: OES pain 94, function 100, S-P 100, Total 98)
1 ORIF failure by 6 weeks: TEA (with modest result: OES pain 56, function 75, S-P 50, Total 60)
3 1 Technical difficulties in first surgery: A revision of failed ORIF, TEA at nine months from the injury (with a good result: OES pain
100, function 100, S-P 75, Total 92)
1 Postoperative wound dehiscence: Wound revision and removal of olecranon plate five months from injury (wound healed, no
outcome data, patient died during the follow-up period)
10 1 Deep infection with osteomyelitis: Removal of implants, multiple revisions, resection of osteomyelitic bone and eventually the

joint. Led to an almost painless, but poorly functioning elbow (OES pain 81, function 44, S-P 31, Total 52)

Concomitant injuries and joint disease

14/39 (36%) patients had concomitant fractures. 5
patients had ipsilateral upper extremity or shoulder frac-
tures (2 proximal humerus and 1 distal radius, 1 clavicle,
1 proximal radius), 2 patients had contralateral upper
extremity fractures (proximal humerus and clavicle) 1
patient had a rib fracture and 6 had lower body fractures
(2 proximal and 1 distal femur fractures, 2 had a fracture
of the acetabulum and 1 proximal tibia fracture). None
had pre-existing inflammatory arthritis and 2 had minor
osteoarthritic radiographic changes in the fractured
elbow.

Four of the 14 patients with concomitant injuries had
died during the follow-up period, one within 30 days of
injury. They died on average 1.4 (2.2) years post-injury.
Compared to 2.9 (1.5) year average lifetime for patients
without concomitant injuries who died, no statistically
significant (p=0.22) difference was found.

Radiographs during the primary treatment episodes
Review of postoperative radiographs showed that 30/39
(77%) fractures had been reduced anatomically, 8 (21%)
with 1-3 mm and 1 (3%) with 4-5 mm malreduction. 37
(95%) patients had appropriate placement of hardware,
2 (5%) had suboptimal plate positioning leading to short
and non-interdigitating screws.

Radiographs taken during follow-up were available for
36 (92%) patients, with mean time of 6.4 months (SD 5.1;
range 0.3 to 21.5) from postoperative radiograph to the
last images during normal clinical follow up. Review of
these showed that 21/39 (54%) fractures and osteotomies
had united without complications. 8 (21%) fractures had
united with no loss of reduction, but the olecranon oste-
otomy had widened (<5 mm) before union. 1 (3%) patient
had a non-union of the olecranon osteotomy (leading to

a re-osteosynthesis of the osteotomy). All these radio-
graphic osteotomy complications were found osteoto-
mies closed with K-wires and a tension band, but the
osteotomy widening before union was not qualitatively
associated with inferior results. 6 (15%) patients had a
minor secondary collapse of the distal humerus, 1 (3%)
a joint-destroying avascular necrosis (leading to TEA), 1
(3%) a loss of reduction (treated with TEA) and 1 (3%) a
deep infection leading to loss of reduction (which led to
eventual resection of distal humerus and proximal ulna).
3 (8%) patients had minor and 2 (5%) extensive osteoar-
thritic changes at this point.

Discussion

In our series, ORIF of displaced, intra-articular AO/
OTA C-type distal humerus fractures of patients at least
65 years old in a high-volume trauma centre resulted
in mean DASH score 19, mean MEPS 85, and mean
arc of motion of 119 degrees. DASH scores were simi-
lar to those in the general population of the same age
[11]. There was a statistically significant and also likely
patient important difference in MEPS and arc of motion
compared to the uninjured elbow. The one-year mortality
was 4/39 (10%).

Strengths of our study include reliable identification
of patients from the database of a large volume tertiary
referral centre, the use of a validated outcome measure
of function and reliable hospital record data regard-
ing treatments and mortality. To our knowledge, this is
the first published series of older adult patients treated
exclusively with anatomic pre-contoured locking plate
constructs. Limitations include a relatively low num-
ber of patients, lack of preoperative data of function
— which we sought to mitigate by the use of the con-
tralateral side as a control when appropriate — and
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retrospective design. The considerable loss to follow-
up can be viewed as a weakness, but it is an inherent
phenomenon in this patient group. 12 out of the 16
patients lost to follow-up had either died or were too
neurologically impaired to participate. This is espe-
cially true for the open fractures where 6 out of 7 lost
to follow-up had died or were too ill to participate, with
only one of the deaths related to the injury (periopera-
tive myocardial infarction). We think this to be a reflec-
tion of the “frailty fracture” nature of these injuries in
the elderly, and the loss to follow-up is unavoidable in
this patient group. Similar, follow-up time dependent
losses to follow-up due to high mortality, up to 60%,
have been reported in studies of the same patient popu-
lation [1, 12—-14]. The number of patients per year was
relatively low, 6, and the number of surgeons high, 21.
This reflects the rarity of these injuries and the daily
practice in our high-volume university trauma centre,
and in our view makes the results generalizable to other
similar hospitals with broad expertise.

Our results are similar to recently published series and
a systematic review of earlier studies regarding outcomes
and complications, though the flexion arc is better in
our series (Table 4) [1, 3, 15]. Also in studies which have
included younger patients, the DASH scores have been
similar to the respective population normal values, which
is the case in our series as well [11, 16—19]. In the studies
using locking plates (anatomic and reconstruction plates
by Shannon et al. and only anatomic plates in our study),
the results seem to be better than in studies predating the
widespread use of locking plates, supporting the clini-
cal experience that locking plate technology offers a true
advantage in the treatment of these fractures. The MEPS
results (85—91) and flexion arc (90 — 112) have been
quite uniform regardless of the age of the patients.

Our < 30 days and one-year mortality rates, about 5 and
10% respectively, were similar to the 2,2 and 9,1% which
have been reported from a large database study from
New York, USA [20]. Another large database study [21]
reported low < 30 days mortality rates, 1/216, which, con-
sidering the low event rates, is similar.

In our series, 11/39 (28%) patients had at least one revi-
sion surgery. Five were minor implant removal proce-
dures related to tension band irritation, which is lower,
but similar to rates of implant removal after olecranon
fracture surgery with tension band or plate fixation [22,
23]. Our rate of revision surgeries is higher than in com-
parative series. If tension band removals are excluded,
the rate of revision surgeries is similar to other series [3].
The large number of implant removals is a reflection of
our routine use of olecranon osteotomy to aid reduction
of the articular fragments and low threshold for sympto-
matic tension band removals.

Page 7 of 10

The complication rates are very similar to what others
have reported, though comparisons are difficult due to
varying reporting and classification of complications [3].
In our series, true non-unions of the humerus or olec-
ranon osteotomy were rare (1 patient, 3% each). Minor
collapse of the humerus (6/39, 15%) and widening of
olecranon osteotomy (8/39, 21%) were relatively com-
mon, but these did not seem to affect the results. There
was 1 deep infection (3%) and 1 superficial wound heal-
ing problem (3%), similar to what others have reported,
2 and 4.3% respectively. Two patients (5%) had an iatro-
genic nerve injury, again similar to reported rates (6.4%)
[3]. The uniform rate of complications across studies can
be seen to reflect the frailty of the patients and relative to
that serious injuries.

Whether locking plates offer a true advantage over non-
locking constructs remains unclear. Our clinical experi-
ence, which is unfortunately hard to explore robustly, is
that locking plates allow a stable osteosynthesis in more
comminuted fractures than non-locking plates. This is
supported by laboratory findings, in a fracture model
orthogonal plating with anatomic locking plates offers a
more stable osteosynthesis in bone with low mineral den-
sity [5]. There also was a consistent difference of about
20 degrees more flexion in our series to previous studies.
Whether this is due to the new plate technology allowing
more aggressive rehabilitation or some other factor can-
not be reliably answered. There were no complications
specific to locking plates, and in contrast to some series,
the rate of fixation failure was low in our series [18].

As an implication to practice, we think our results sup-
port the strategy of treating fractures amenable to fixa-
tion primarily with ORIF and reserving TEA for the very
comminuted fractures and as a second-line option should
the primary ORIF fail. The results appear to be similar
(Table 4), but the complication profile of ORIF is more
benign than in TEA [3]. During the study period, we used
primary TEA for five patients (all with C3 type fractures).
However, it has to be noted that our results are from a
high-volume trauma centre with upper extremity sur-
geons experienced in both acute trauma care and elective
arthroplasty — in different settings the available expertise
has to be considered in addition to the characteristics of
each patient. In practice, also the probable limited life-
time of up to half of the patients has to be considered,
and the treatment should be as straightforward and low
complication risk as possible.

Topics for future research include how to avoid revi-
sion surgeries in the form of implant removals. A ran-
domized trial comparing different fixation methods of
olecranon osteotomies, perhaps including all-suture
osteosynthesis among the treatment options would be
clinically relevant, and considering the large proportion
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of patients who undergo implant removal, also likely
feasible [24]. We think that an RCT comparing ORIF to
TEA is unlikely to be fruitful due to the rarity of these
injuries and the similar results between the groups in
the one published RCT and available non-comparative
series [25]. The required large sample size to show
superiority is likely to be unfeasibly large. In the light
of our and previous results, obtaining superior results
with a TEA to locking plate ORIF in C1 and C2 frac-
tures seems very unlikely and C3 fractures are rare.
The complication profiles and how soon the function
reaches adequate levels, and possible predicting fac-
tors, might be assessed through registry studies or
large, multi-centre retrospective studies.

Conclusions

Our results indicate that “reducible” distal humerus
fractures in older adults can be treated reliably with
ORIF in a high-volume trauma centre using anatomic
locking plates. The expected result is return of function
allowing activities of daily living, with some residual
pain and a moderate extension deficit and moderate
loss of function. About one in four patients can be
expected to undergo at least one additional surgery.

Abbreviations
OES: Oxford Elbow Score; MEPS: Mayo Elbow Performance Score; ORIF: Open
reduction and internal fixation; TEA: Total elbow arthroplasty.

Acknowledgements

We deeply thank our research nurse Leena Caravitis for help with the study.
We are grateful to our chief surgeon and associate professor Mika Paavola

for critical comments on the manuscript and our orthopaedic surgeon col-
league Mr. Tomi Simons for linguistic support. We also thank our colleagues at
Helsinki University Hospital who performed the surgeries, the physiotherapists
who were responsible for the rehabilitation of the patients and the patients for
participation in the study.

Authors’ contributions

TL and MS designed the study. KK and TL extracted data from the patient
records. KK performed the follow-up examinations. KK, TL and MS reviewed
the radiographs. KK and TL drafted the manuscript which MS critically
reviewed. All authors read and approved the final manuscript.

Authors’ information

KK was a medical student at the time of the data collection. He has since
graduated. MS is a consultant orthopaedic and trauma surgeon and the head
of the upper extremity division at Helsinki University Hospital. TL is a consult-
ant orthopaedic and trauma surgeon at Helsinki University Hospital.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial or not-for-profit sectors.

Availability of data and materials

The original pseudonymised data workbooks are available from the cor-
responding author on a reasonable request. Please send email to tuomas.
lahdeoja@hus fi.

Page 9 of 10

Declarations

Ethics approval and consent to participate

The study was approved by the Helsinki and Uusimaa Hospital District ethics
committee (HUS/938/2017). Patients attending follow-up gave a written
informed consent. All the methods were carried out in accordance with the
Helsinki declaration.

Consent for publication
Not applicable.

Competing interests

All authors declare no support from any organisation for the submitted work;
no financial relationships with any organisations that might have an interest in
the submitted work in the previous three years; no other financial relation-
ships that could appear to have influenced the submitted work.

Author details

"Medical Faculty, University of Helsinki, Helsinki, Finland. Finnish Centre
for Evidence-Based Orthopaedics (FICEBO), Department of Orthopaedics
and Traumatology, University of Helsinki and Helsinki University Hospital,
Topeliuksenkatu 5,00029 Helsinki, HUS, Finland.

Received: 6 February 2022 Accepted: 6 May 2022
Published online: 01 June 2022

References

1. Shannon SF,Wagner ER, Houdek MT, et al. Osteosynthesis of AO/OTA
13-C3 distal humeral fractures in patients older than 70 years. J Shoulder
Elbow Surg. 2018;27(2):291-7.

2. Mansat P, NouailleDegorce H, Bonnevialle N, et al. Total elbow arthro-
plasty for acute distal humeral fractures in patients over 65 years old
- results of a multicenter study in 87 patients. Orthop Traumatol Surg Res.
2013,99(7):779-84.

3. Githens M, Yao J, Sox AH, et al. Open reduction and internal fixation ver-
sus total elbow arthroplasty for the treatment of geriatric distal humerus
fractures: a systematic review and meta-analysis. J Orthop Trauma.
2014;28(8):481-8.

4. Aitken SA, Jenkins PJ, Rymaszewski L. Revisiting the "bag of bones”: func-

tional outcome after the conservative management of a fracture of the

distal humerus. Bone Joint J. 2015;97-B(8):1132-8.

Schuster |, Korner J, Arzdorf M, et al. Mechanical comparison in cadaver

specimens of three different 90-degree double-plate osteosyntheses for

simulated C2-type distal humerus fractures with varying bone densities. J

Orthop Trauma. 2008;22(2):113-20.

6.  Schmidt-Horlohe KH, Bonk A, Wilde P, et al. Promising results after the
treatment of simple and complex distal humerus type C fractures by
angular-stable double-plate osteosynthesis. Orthop Traumatol Surg Res.
2013;99(5):531-41.

7. von EIm E, Altman DG, Egger M, et al. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement: guidelines
for reporting observational studies. Lancet. 2007,370(9596):1453-7.

8. Dawson J, Doll H, Boller |, et al. The development and validation of a
patient-reported questionnaire to assess outcomes of elbow surgery. J
Bone Joint Surg Br. 2008;90(4):466-73.

9. Morrey AKN BF, Chao EYS. The Elbow and Its Disorders. 2nd ed. Philadel-
phia: WB Saunders Co.; 1993.

10. Beaton DE, Wright JG, Katz JN, et al. Development of the QuickDASH:
comparison of three item-reduction approaches. J Bone Joint Surg Am.
2005;87(5):1038-46.

11. AasheimT, Finsen V, The DASH and the QuickDASH instruments.
Normative values in the general population in Norway. J Hand Surg Eur.
2014,39(2):140-4.

12. Strelzow JA, Frank T, Athwal GS, et al. Results of linked convertible total
elbow arthroplasty for the management of distal humeral fractures in the
elderly. J Hand Surg Am. 2021;46(5):396-402.

bl



Kervinen et al. BMC Musculoskeletal Disorders

20.

21

22.

23.

24.

25.

(2022) 23:523

Barco R, Streubel PN, Morrey BF, et al. Total elbow arthroplasty for distal
humeral fractures: a ten-year-minimum follow-up study. J Bone Joint
Surg Am. 2017;99(18):1524-31.

Dehghan N, Furey M, Schemitsch L, et al. Long-term outcomes of total
elbow arthroplasty for distal humeral fracture: results from a prior rand-
omized clinical trial. J Shoulder Elbow Surg. 2019;28(11):2198-204.

Virani SR, Sonone S, Dahapute AA, et al. Functional results of communited
intra-articular distal humerus fractures treated with bicolumnar plating. J
Clin Diagn Res. 2017;11(4):RCO1-RC3.

Doornberg JN, van Duijn PJ, Linzel D, et al. Surgical treatment of intra-
articular fractures of the distal part of the humerus. Functional outcome
after twelve to thirty years. J Bone Joint Surg Am. 2007,89(7):1524-32.
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):742-50.

Ellwein A, Lill H, Voigt C, et al. Arthroplasty compared to internal fixation
by locking plate osteosynthesis in comminuted fractures of the distal
humerus. Int Orthop. 2015;39(4):747-54.

Flinkkila T, Toimela J, Sirnio K, et al. Results of parallel plate fixation of
comminuted intra-articular distal humeral fractures. J Shoulder Elbow
Surg. 2014,23(5):701-7.

Lander ST, Mahmood B, Maceroli MA, et al. Mortality rates of humerus
fractures in the elderly: does surgical treatment matter? J Orthop Trauma.
2019;33(7):361-5.

Medvedev G, Wang C, Amdur R, et al. Operative distal humerus fractures
in older patients: predictors for early complications based on a national
database. HSS J. 2017;13(3):212-6.

Claessen FM, Braun'Y, Peters RM, et al. Factors associated with reopera-
tion after fixation of displaced olecranon fractures. Clin Orthop Relat Res.
2016;474(1):193-200.

Ellwein A, Lill H, Warnhoff M, et al. Can low-profile double-plate osteosyn-
thesis for olecranon fractures reduce implant removal? A retrospective
multicenter study. J Shoulder Elbow Surg. 2020;29(6):1275-81.

Phadnis J, Watts AC. Tension band suture fixation for olecranon fractures.
Shoulder Elbow. 2017;9(4):299-303.

McKee MD, Veillette CJ, Hall JA, et al. A multicenter, prospective, rand-
omized, controlled trial of open reduction-internal fixation versus total
elbow arthroplasty for displaced intra-articular distal humeral fractures in
elderly patients. J Shoulder Elbow Surg. 2009;18(1):3-12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




