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Abstract

Purpose: We propose that geriatric comminuted intra-articular distal humerus fractures can be effectively treated with a limited
fixation approach aimed at achieving varus/valgus stability with columnar fixation, but allowing intra-articular comminution to heal
by secondary congruency against an intact olecranon, thus avoiding an olecranon osteotomy. Methods: Fifty-six elderly patients
with AO 13-C type fractures, who underwent surgical fixation with >12-months of follow-up were retrospectively reviewed.
Thirty patients were treated with intra-articular open reduction internal fixation (ORIF) with an olecranon osteotomy and 26
patients were treated with our limited fixation (L-ORIF) approach. Outcomes were range of motion (ROM), complications,
additional surgery, and patient-reported outcome measures (PROMIS). Results: At final follow-up, the average elbow ROM was
97° (40°-155°) in the ORIF group and 86.5° (20°-145°) in the L-ORIF group. There was a trend toward more complications and
additional surgery in the ORIF group. PROMIS scores for pain were 53.1 and 52.14, and PROMIS functional scores were 41.7 and
41.4 in the ORIF and L-ORIF group respectively. No differences in outcomes were statistically significant. Conclusion: A limited
fixation technique based on achieving varus/valgus stability with columnar fixation, demonstrated equivalent outcomes in elderly
patients with intra-articular distal humerus fractures when compared to intra-articular ORIF with an olecranon osteotomy
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Introduction reduction of the joint surface difficult at best. An olecranon
osteotomy also disrupts the extensor mechanism of the elbow
and creates an iatrogenic fracture plane that can go on to
delayed healing or non-union. This complication could further
preclude total elbow arthroplasty as a future salvage option.
Additionally, olecranon hardware has a high rate of hardware
prominence and pain, often requiring a second procedure for
removal.!' While initially thought to be a good option for

Intra-articular distal humerus fractures with trochlear commi-
nution in the elderly are disabling injuries which are commonly
treated with open reduction internal fixation (ORIF) via an
olecranon osteotomy. Acute total elbow replacement is also
an option. Additionally, in select older patients who are medi-
cally unwell, non-operative treatment, often referred to as the
“bag of bones” approach,' can facilitate early rehabilitation
without the risks of operative intervention, though this method
can be associated with poor functional outcomes, instability,
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Table I. Inclusion and Exclusion Criteria.

Inclusion Criteria:

e Male and female, 65 years of age or older;

e Received operative fixation of an AO/OTA type |3- C fracture
(complete intra-articular distal humerus fracture)

e Surgery performed by Orthopedic Trauma team at single center

e Patients were able to consent and complete surveys for
themselves.

Exclusion Criteria:

e Metastatic pathologic fracture

e Pre-existing diagnosis of severe elbow arthritis

e Inadequate records, imaging, or follow up

comminuted distal humerus fractures, acute total elbow arthro-
plasty in this patient population has also been shown to be
associated with a high rate of failure and re-operation.'?

This study aims to compare outcomes of elderly patients with
intra-articular distal humerus fractures treated in 2 different
ways: a) with traditional ORIF of the distal humerus with an
olecranon osteotomy and an effort to treat any trochlear commi-
nution with intra-articular anatomic reduction and fixation, and
b) a limited fixation technique focused on achieving varus/val-
gus stability by columnar fixation only through a paratricipital
approach without an olecranon osteotomy for anatomic joint
reconstruction. This limited fixation approach allows intra-
articular comminution to heal in secondary congruency to an
intact olecranon, without open reduction of the frail articular
fragments in these osteoporotic patients. Our hypothesis was that
there would be no significant clinical differences with regard to
pain, function, or final range of motion between the 2 groups.

Materials and Methods

Approval to conduct this study from our Institutional Review
Board was obtained prior to subject enrollment. The design was
aretrospective cohort study to evaluate the clinical outcomes of
patients (> 65 years old) with humeral AO/OTA 13-C type
fractures, who were treated with ORIF. Patients who underwent
surgical fixation with a traditional ORIF with an olecranon
osteotomy or with our limited fixation technique over a 12-
year period from July 1%, 2005 to July 1%, 2017 at a single
orthopaedic trauma center were eligible for enrollment.
Patients had a minimum of 12-months of follow up.

Patients in the ORIF group were treated with intra-articular
ORIF with an olecranon osteotomy, patients in the limited
fixation (L-ORIF) group were treated with columnar plating
without an olecranon osteotomy. Table 1 outlines the inclusion
and exclusion criteria for the study and Table 2 summarizes the
baseline demographic and injury characteristics. Within the
study period, a total of 56 patients met inclusion criteria and
were enrolled. Thirty patients made up the ORIF group and 26
patients were in the L-ORIF group. The 2 groups were not
statistically different (p < 0.05) with respect to any demo-
graphic variables listed in Table 2.

Table 2. Summary of Baseline Demographics and Injury
Characteristics.

ORIF w/ olecranon Limited
osteotomy fixation
(N = 30) (N = 26)
Age—Mean 76.9 (65-92) 79.8 (65-96)
Gender (F) 21 (70%) 19 (73%)
BMI 27.0 27.2
ASA Score (mean) 24 27
Low Energy Injury 27 (90%) 22 (84.6%)

2 fall down stairs
2 pedestrian

High Energy Injury 3 fall down stairs

Mechanism

stuck
Open Fracture 3 (10%) 5(19.2%)
Concurrent Injury 7 (23.3%) Il (42.3%)
Concurrent Injury in 4 (13.3%) 5(19.2%)

Ipsilateral Extremity

BMI = Body mass index, ASA = America Society of Anesthesiologists

Surgical Technique

In all cases, patients were positioned in the lateral-decubitus
position, with the injured side up, utilizing a triangle on a mayo
stand to support the operative extremity. The anesthetic mod-
ality was general anesthesia with or without block supplemen-
tation. Preoperative blocks were offered to facilitate general
anesthesia and offer post-operative pain control. Without use
of a tourniquet, a midline posterior approach to the elbow was
utilized. Full-thickness skin flaps were created medially and
laterally. The ulnar nerve was identified, transiently trans-
posed, and repositioned to its anatomic location at the end of
the case.

For ORIF with an olecranon osteotomy, the olecranon was
pre-drilled and tapped to accept a 6.5 mm screw to repair the
olecranon at the end of the case. A standard chevron, osteotomy
was then performed. The articular surface was addressed by
either reconstructing the entire articular distal humerus first and
then attaching it to the metaphysis, or by building and restoring
1 column (medial or lateral) to the distal humerus metaphysis
followed by restoration of the second column. Detailed articu-
lar reconstruction was achieved and maintained with 1.25 mm,
1.6 mm Kirschner wires, and 1.5/2.0/2.7/3.5 mm screws as
needed. Pre-contoured distal humerus locking plates were then
applied in parallel or orthogonal orientation, for final fixation
of the distal articular segment to the shaft.'® In a small number
of cases, only a single columnar plate was used (See Table 3).
A combination of cortical and locking screws were used proxi-
mally to the fracture and the olecranon was anatomically
reduced and fixed with a 6.5 mm intra-osseous screw rein-
forced with a tension band reinforcement. We do not use plates
at our institution to repair simple fractures or surgical osteo-
tomies of the olecranon due to cost, unnecessary biomechanical
need, and frequent need for hardware removal.

In the limited fixation technique, medial and lateral para-
tricipital dissection allowed for some visualization and limited
reduction of the articular surface while preserving the triceps
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Table 3. Plating Configurations and Operative Time.

ORIF w/ olecranon Limited fixation

osteotomy (N = 30) (N = 26)
Parallel 22 (73.3%) 7 (26.9%)
90-90 5 (16.7%) 12 (46.2%)
Single column 3 (10%) 4 (15.4%)
None 0 (0%) 3 (11.5%)
Operative time (mins) 168 135

None = columnar screws and wires only

insertion. Single column or bicolumnar (medial and lateral,
orthogonal or parallel) locking plates were then applied to
secure the articular segment to the humerus and address varus
and valgus instability. In 3 cases, sufficient fixation was
achieved with columnar screws and wires alone. Anatomic
reduction of the intra-articular comminution beyond that
allowed by this limited exposure was not attempted.

In both groups, a posterior splint was maintained for 7-14
days allowing free motion of the wrist and digits. Formal elbow
physical or occupational therapy was implemented after the
first post-operative visit at 2 weeks. At this time, the splint was
discontinued and all patients were encouraged to start passive,
active assisted, and gentle active ROM as tolerated but without
resistance. By week 4, therapists were instructed to advance
motion with gentle stretching and patients were encouraged to
use the arm for daily activities without lifting heavy objects or
pushing. By week 8, ROM stretching was unrestricted and
patients started gentle resisted active exercises. By week 12 all
restrictions were lifted.

The senior author performed the majority of procedures with
the remainder of procedures performed by 2 other trauma fel-
lowship trained orthopedic surgeons at the same institution.
Patients were not randomized and the choice of the procedure
was at the discretion of the treating surgeon. Generally, indica-
tions for the limited fixation technique can be summarized as:
a) need for ORIF as may occur secondary to an open fracture,
grossly unstable injury, injury compromising skin integrity if
left without stability, vascular injury, other acute need for open
intervention; b) presence of trochlear comminution and an
intact olecranon in osteoporotic bone in addition to a); and c)
an injury in a geriatric patient with significant medical comor-
bidities in addition to a) and b) as above.

The primary outcomes of this study were final elbow range
of motion (in the coronal plane), complications, and the need
for additional elbow surgery. Secondary outcomes included
patient-reported pain and function, via outcome measurement
tools, which were obtained in clinic or administered remotely.
The Patient-Reported Outcomes Measurement Information
System (PROMIS) were used for pain interference (PI) (ver-
sion 1.0) and physical function (PF) (version 1.0). PROMIS
instruments, which when scored, result in T scores standar-
dized to a normative US population, have been validated in
prior studies to reliably measure their intended outcomes in
orthopaedic patients.®'*'® The mean score for each T score

distribution is 50 and the average standard deviation is 10
points. Inherent to the PROMIS measures, a higher PF score
signified increased function and a higher PI score indicated
increased pain.

All patients had at least 12 months of follow up and docu-
mented final elbow range of motion, complications, and any
additional surgeries except for 1 patient who had follow-up
care in another state where she lived. Medical record review
revealed 20 patients were deceased at the time of phone survey
and 12 patients were prohibitively demented. Seventeen
patients of a possible 24 completed the patient-reported out-
come measurement tools, leading to a response rate of 70.8%.
None of the deaths during the follow-up period were due to the
distal humerus fracture or operation.

Means were calculated for all continuous variables, and
groups were compared using 2-sided independent samples
t-tests (with o < 0.05). Calculations were performed in
REDCap (Vanderbilt University, Nashville, TN) or in Micro-
soft Excel (Microsoft Corporation, Redmond, WA).

Results

The average patient age for the ORIF with osteotomy group
was 76.9 and for the limited fixation groups was 79.8 years.
The mean follow-up duration for the study was 15.2 months
(range 12-97 months). The average final elbow range of motion
in the coronal plane was 97° (40°-155°) in the ORIF with
osteotomy group and 86.5° (20°- 145°) (p = 0.231) in the
limited fixation group (Table 4). The average final elbow
extension (degrees short of full extension—0°) was 22.5°
(0°-45°) in the ORIF w/ osteotomy group and 26.9° (0°- 90°)
in the limited fixation group (p = 0.539) (Table 4).

In the ORIF w/osteotomy group, there were 11 types of
complications in the follow-up period in 11 patients (36.7%),
and 10 patients underwent additional surgery (33.3%). In the
limited fixation group, there were 2 types of complications in 4
patients (15.4%), and 4 underwent additional surgery (15.4%)
(Table 5). There was a trend to more complications (p = 0.073)
and additional surgery (p = 0.122) in the ORIF w/ osteotomy
group compared to the limited fixation group but this did not
reach statistical significance.

PROMIS scores for pain were for 53.1 and 52.14 in the
ORIF w/osteotomy and limited fixation groups, respectively
(p = 0.867) and PROMIS function scores were 41.7 and
41.4, respectively (p = 0.957). The average operative time was
168 minutes in the ORIF w/ osteotomy group and 135 minutes
in the limited fixation group, a difference of 33 minutes which
was statistically significant (p = 0.041).

Discussion

In this retrospective study, patients over age 65 with intra-
articular distal humerus fractures treated with a limited fixation
technique had comparable outcomes, with regard to pain, func-
tion, and final range of motion, to patients who underwent
ORIF of the distal humerus with an olecranon osteotomy and



Geriatric Orthopaedic Surgery & Rehabilitation

Table 4. Outcomes for Treatment Groups.

ORIF w/olecranon osteotomy (N = 30)

Limited fixation (N = 26)

Final Extension (degrees short of 0°) 22.5° (0°- 45°) 26.9° (0°- 90°) P =0.539
Final flexion 119.5° (90°- 150°) 113.4° (90°- 150°) P = 0.301
ROM 97° (40°-155°) 86.5° (20°- 145°) P =0.231
Complications Il (34%) 4 (15%) P = 0.073
Additional surgery 10 (31%) 4 (15%) P =0.122
PROMIS Pain 53.1 52.14 P = 0.867
PROMIS Function 41.7 414 P = 0.957

Table 5. Complications and Additional Surgeries.

ORIF w/olecranon osteotomy (N = 30)

Limited fixation (N = 26)

Complications Hardware prominence
Ulnar neuropathy

Hardware loosening

Stiffness requiring intervention
Hardware prominence

Olecranon bursitis with prominent K-wire

Deep infection

Superficial Infection (treated with intravenous

antibiotics)
Avascular necrosis

Prolonged radial nerve palsy
Advanced post-traumatic arthritis

Heterotopic ossification

Stiffness requiring intervention

Complication rate 36.7%

Additional surgery

Cubital tunnel release

Ulnar nerve decompression

Nerve transfers

Removal of hardware (n = 3)
Total elbow arthroplasty (n = 2)
Operative debridement (n = 2)

15.4%

Removal of hardware (n = 2)
Manipulation under anesthesia
Elbow contracture release

Manipulation under anesthesia

Additional surgery rate 33.3%

15.4%

with anatomic joint reconstruction. We propose that in select
geriatric patients, a limited fixation approach as described
(Figure 1-3), minimizes complications and surgical time
while achieving similar clinical results. While we refer to
our approach as a limited fixation technique to differentiate
it from an approach with an olecranon osteotomy, we
believe it remains stable and appropriate fixation to provide
valgus and varus stability while avoiding unnecessary dis-
ruption of trochlear comminution that may be non-
reconstructable.

Geriatric intra-articular distal humerus fractures are often
complex and challenging to treat, and the results can be poor.
They comprise approximately 2% of fractures, often occurring
in independent and active older females with an incidence that
is expected to rise significantly as the population above 80
years of age increases.®'’'? The goals of treatment for elderly
patients are comfort, preservation of a functional range of
motion (flexion arc 30°- 130°) for activities of daily living, and
minimizing complications. Surgical fixation of a comminuted
distal humerus fracture poses technical challenges especially in
elderly patients with comminuted fractures, osteoporotic bone,

poor wound-healing secondary to co-morbidities, and limited
physiologic reserve.’®

Non-operative management, consisting of brief elbow
immobilization followed by early range of motion is an option
in patients deemed too medically unwell to tolerate an opera-
tion. This “bag of bones” approach was first described in the
literature by Eastwood in 1937, who reported on 14 patients
with adequate elbow function, 12 of whom returned to work (or
previous functional level), after non-operative treatment of a
distal humerus fracture, although a closed reduction under gen-
eral anesthesia was commonly performed.' Recent studies have
demonstrated mixed results with non-operative care which can
result in pain, poor functional outcomes, instability, non-union,
and distorted distal humerus geometry.?*!'%-20-21

There is a paucity of data comparing the results of non-
operative treatment to operative treatment for intra-articular
distal humerus fractures. In a retrospective review in 1986,
Zagorski et al. compared the outcomes of comminuted intra-
articular fractures of the distal humerus in 29 patients who were
treated operatively with ORIF and 13 patients treated non-
operatively.?! In this study 23 patients were treated with screw
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Figure |. An 83 year-old female sustained a comminuted intra-articular distal humerus fracture after a fall from standing with an associated
radial head fracture. Initial lateral (A) and oblique (B) radiographs, and representative sagittal (C) and coronal (D) computed tomography images,
demonstrate significant intra-articular comminution of the fracture. Post-operative radiographs 3 months after surgery, utilizing a limited fixation
technique, demonstrate the preserved overall geometry of the distal humerus and ulnohumeral joint space on lateral (E) and anterior-posterior
(F) radiographs. After fracture healing, her medial plate was removed due to discomfort, and at the time of final follow up at 14 months, she was
pain free with a total-arc elbow range of motion (combined flexion-extension) of 105°. Final radiographs demonstrate preserved alignment,
fracture union, and maintained ulnohumeral joint space on lateral (G) and anterior-posterior (H) radiographs.

fixation only, 5 patients with plates and screws, 1 patient by
multiple pin fixation, with 76% reported to have had an excel-
lent or good result whereas only 8% of patients treated non-
operatively achieved a similar outcome. Notably, this patient
group was substantially younger, with a mean age of 45 years
(range 17 to 82 years), compared to our present study. Higher
non-union and delayed union rates with non-operative treat-
ment were seen in an observational cohort by Robinson et al.
in a study of 320 adult patients with distal humerus fractures.'®
In a non-randomized study of 28 elderly patients (mean age of
85 years) with distal humerus fractures by Srinivasan et al. in
2005, OTA grading demonstrated favorable results (3 excel-
lent, 9 good, 7 fair, and 2 poor) in patients treated with ORIF
compared with the non-operatively treated group (zero excel-
lent, 2 good, 3 fair, and 3 poor).?? The operatively treated group
had more substantial pain relief (mild or no pain) compared to
the non-operative group (52% v. 25%) along with a better mean
arc of motion (75.5° v. 37.5°). Similarly, John et al. reported
favorable outcomes in 49 elderly patients (mean age of 80
years) with distal humerus fractures who were treated opera-
tively.?® Eighty percent of patients assessed their result as
either very good or good and the authors noted the incidence
of implant failure, pseudarthrosis of the olecranon osteotomy,
and ulnar nerve lesions were similar to younger adult popula-
tions at the time of study. We believe our limited fixation

technique captures some of the benefits of a non-operative
approach, by minimizing surgery and potential post-operative
issues related to olecranon fixation in elderly or medically
unwell patients, while achieving similar functional and pain
relief outcomes as ORIF with intra-articular reconstruction.
Intra-articular distal humerus AO/OTA type C fractures are
challenging fractures to treat operatively given the distal frac-
ture lines of one or both columns, the osteoporotic bone in
elderly patients, the extent of comminution of the articular
surface, along with metaphyseal fragmentation of one or both
columns. Options to access the ulnohumeral joint through a
posterior approach to the distal humerus include, but are not
limited to, triceps splitting, triceps reflecting, triceps preserving
(paratricipital), and an olecranon osteotomy.” Through a cada-
ver study, Wilkinson et al. studied the percentage of the distal
humerus exposed through the common posterior surgical
approaches,”* reporting 35%, 46%, and 57%, for the triceps
splitting, triceps reflecting, and olecranon osteotomy
approaches respectively. While the triceps reflecting approach
and the olecranon osteotomy allowed the most visualization of
the distal humerus, both disrupt the extensor mechanism of the
elbow. With the triceps reflecting approach, the elbow is com-
monly immobilized for a longer period of time post-operatively
to allow the triceps tendon to heal, which may lead to loss of
range of motion and worse functional outcomes. With an
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Figure 2. A 74 year-old female sustained a comminuted intra-articular distal humerus fracture after a fall from standing with an associated
ipsilateral distal radius fracture. Initial lateral (A) and anteriorposterior (B) radiographs, demonstrate significant intra-articular comminution of
the fracture and unstable valgus deformity. Post-operative radiographs at the time of surgery, utilizing a limited fixation technique, demonstrate
joint congruency with fixation through the plates without the need of an olecranon osteotomy, lateral (C) and anterior-posterior (D) radio-
graphs. At 9 months from surgery, she was pain free with a total-arc elbow range of motion (combined flexion-extension) of 90°. Final
radiographs demonstrate preserved alignment, fracture union, and maintained ulnohumeral joint space on lateral (E) and anterior-posterior (F)
radiographs.

L
)

Figure 3. A 76 year-old male hairdresser sustained a comminuted intra-articular distal humerus fracture after a fall from standing in the context
of an associated prior ulnar pseudoarthrosis and dysplastic elbow changes with pre-existing limitations in pronation. He underwent fixation to
preserve existing function of his elbow. Initial anterior-posterior (A) and oblique (B) films and sagittal (C) and coronal (D) CT views demonstrate
significant intra-articular comminution. Post-operative radiographs at healing (E and F) demonstrate fixation with lateral plates with return to
baseline function allowing the patient to return to work.
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olecranon osteotomy, an intra-articular osteotomy is made
which disrupts the articular cartilage of the ulnohumeral joint
and makes conversion to a total elbow arthroplasty more chal-
lenging if it is ever needed. Additionally, some surgeons may
delay active extension to allow healing of the osteotomy which
is fixed with hardware that is often prominent and commonly
removed.'! In contrast the triceps splitting approach leaves the
extensor mechanism intact and allows for early postoperative
rehabilitation, at the expense of a more limited visualization of
the distal humerus articular surface. In a retrospective review
of 25 patients, McKee et al. reviewed the functional results of
fractures treated with ORIF through a posterior approach using
the triceps splitting technique versus an olecranon osteotomy.
They found no significant difference in the patients’ strength or
total arc of motion, which was 108° and approximately 75% of
their uninjured side, utilizing these 2 approaches.”> As first
described by Alonso-Llame, the paratricipital (or triceps spar-
ring) approach does not split the triceps muscle nor disrupt the
extensor mechanism, but rather exposes the distal humerus by
working around the medial and lateral distal triceps and the
respective intermuscular septa, thus allowing early postopera-
tive rehabilitation. While visualization for anatomic fixation
of AO/OTA Type C distal humerus fractures can be challen-
ging, elbow extension to relax the triceps muscle and tendon
can help with paratricipital exposure. In a retrospective
review of 67 elderly patients with AO/OTA Type C distal
humerus fractures, Zhang et al. compared the results of
patients who underwent ORIF using the olecranon osteotomy
approach (n = 36) and the triceps-sparing approach (n =
31).%¢ For patients with type C1 and C2 fractures, they
observed reductions in operative time, blood loss, complica-
tion rates, and significantly better Mayo Elbow Performance
Score (MEPS) using the triceps-sparing approach compared
to an osteotomy approach at final follow-up. In type C3 frac-
tures, both approaches achieved similar elbow functional out-
comes while operative time, blood loss, and complication rate
was lower in the triceps-sparing approach. Similarly, our
study found a shorter operative time of 135 minutes in our
limited fixation group, 33 minutes shorter than the ORIF with
an olecranon osteotomy group (p = 0.041).

Both the olecranon osteotomy approach and paratricipital
approach allow dual plating of distal humerus. Dual plating
is the established standard of care for most type C intra-
articular distal humerus fractures and has been shown to be
significantly stronger than other choices.?” While biomechani-
cal studies****° have shown that parallel locked plate fixation
demonstrates greater mechanical stiffness and stability com-
pared with orthogonal locked and non-locked plating, clinically
the plate orientation does not appear to affect outcomes or
complication rates. Lee et al. prospectively randomized 67
patients with distal humerus fractures to fixation with orthogo-
nal or parallel plating and found no significant differences in
clinical outcomes, radiographic reductions, mean operation
time, union time, or complication rates between the groups.”

Limitations to the present study include its retrospective
design and small sample sizes. The lack of difference between

groups might have resulted from the small sample size of our
cohort due to Type II error. However, the intent of the present
study is to introduce a technical treatment option for a unique
subgroup of patients and motivate a more rigorous future
study delineating outcomes in a larger cohort. Additionally,
due to the patient population, 32 patients (20 deceased, 12
prohibitively demented) were unavailable to participate in
PROMIS scores, the study’s secondary outcomes. Patients
were selected for treatment based on the attending surgeon’s
discretion, thus inherently adding selection bias to the groups.
Evidenced by a slightly higher ASA score (2.7 in limited
fixation group versus 2.4 in ORIF w/olecranon osteotomy
group), we believe the limited fixation group may have actu-
ally been more medically compromised, and hence selected
for more limited treatment. Despite their medical condition,
the limited fixation group achieved similar outcome scores. In
this study we were unable to explore the effect of some cov-
ariates like patients’ demographics, BMI, and ASA, on the
outcome. Further research with a prospective design and a
larger sample size would be of interest to explore the effect
of fracture pattern, bone density as measured quantitatively,
heath status indicators (i.e., ASA, Charlson Comorbidity
Index (CCI), Elixhauser Comorbidity Index), and functional
level (as assessed by PROMIS, Disabilities of the Arm,
Shoulder and Hand Score (DASH), Upper Extremity Func-
tional Index (UEFI)), on the outcome of treatment with the
proposed limited fixation technique.

In conclusion, we believe a technique of limited columnar
fixation as described in this manuscript for intra-articular
fractures in an elderly population is a valid treatment option
with similar elbow motion, function, and pain relief at final
follow-up when compared to ORIF with an osteotomy and an
effort to anatomically reconstruct intra-articular comminu-
tion. By minimizing some of the more challenging technical
issues associated with an olecranon osteotomy and open
reduction of a highly comminuted trochlea with osteoporotic
bone, this treatment option may allow for patients to be
treated without referral to a tertiary level center. This could
facilitate care within the patient’s community and provides
access to family for these older patients. The limited fixation
approach proposed offers valgus and varus stability which
suffices to provide the patient with a stable elbow and thus
allow the intra-articular comminution to heal by secondary
congruency against an intact olecranon. This approach may
be used selectively in geriatric patients who would benefit
from surgical management, but may be lower functioning,
medically unwell, or have such poor bone quality that ana-
tomic reduction with an olecranon osteotomy would be diffi-
cult at best. Our approach also preserves olecranon integrity
allowing for total elbow arthroplasty as a potential future
option. While our conclusions from this limited series are
suggestive of a potential benefit in terms of equivalency of
outcome for this particular population when compared to
results from more extensive surgery, our observations are to
be interpreted in this context.



Geriatric Orthopaedic Surgery & Rehabilitation

Authors’ Note

This manuscript is not based on a previous communication to a society
or meeting. No benefits in any form have been received or will be
received from commercial party related directly or indirectly to the
subject of this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Edward K. Rodriguez, MD, PhD (& https://orcid.org/0000-0002-8217-
0593

References

1. Eastwood WJ. The t-shaped fracture of the lower end of the
humerus. JBJS. 1937;19(2):364-369.

2. Aitken SA, Jenkins PJ, Rymaszewski L. Revisiting the ‘bag of
bones’: functional outcome after the conservative management of
a fracture of the distal Humerus. Bone Joint J. 2015;97(8):
1132-1138.

3. Brown RF, Morgan RG. Intercondylar T-shaped fractures of the
humerus. Results in ten cases treated by early mobilisation.
J Bone Joint Surg Br. 1971;53(3):425-428.

4. Caravaggi P, Laratta JL, Yoon RS, et al. Internal fixation of the
distal humerus: a comprehensive biomechanical study evaluating
current fixation techniques. J Orthop Trauma. 2014;28(4):
222-226.

5. Chalidis B, Dimitriou C, Papadopoulos P, Petsatodis G, Giannou-
dis PV. Total elbow arthroplasty for the treatment of insufficient
distal humeral fractures. A retrospective clinical study and review
of the literature. Injury. 2009;40(6):582-590.

6. Charissoux JL, Vergnenegre G, Pelissier M, Fabre T, Mansat P.
Epidemiology of distal humerus fractures in the elderly. Orthop
Traumatol Surg Res. 2013;99(7):765-769.

7. Cheung EV, Steinmann SP. Surgical approaches to the elbow.
J Am Acad Orthop Surg. 2009;17(5):325-333.

8. Choi SW, Schalet B, Cook KF, Cella D. Establishing a common
metric for depressive symptoms: linking the BDI-II, CES-D, and
PHQ-9 to PROMIS depression. Psychol Assess. 2014;26(2):
513-527.

9. Cobb TK, Morrey BF. Total elbow arthroplasty as primary treat-
ment for distal humeral fractures in elderly patients. J Bone Joint
Surg Am. 1997;79(6):826-832.

10. Desloges W, Faber KJ, King GJ, Athwal GS. Functional out-
comes of distal humeral fractures managed nonoperatively in
medically unwell and lower-demand elderly patients. J Shoulder
Elbow Surg. 2015;24(8):1187-1196.

11. 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.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

Perretta D, van Leeuwen WF, Dyer GM, Ring D, Chen N. Risk
factors for reoperation after total elbow arthroplasty. J Shoulder
Elbow Surg. 2017;26(5):824-829.

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

Ho B, Houck JR, Flemister AS, et al. Preoperative PROMIS
scores predict postoperative success in foot and ankle patients.
Foot Ankle Int. 2016;37(9):911-918.

Hung M, Franklin JD, Hon SD, Cheng C, Conrad J, Saltzman CL.
Time for a paradigm shift with computerized adaptive testing of
general physical function outcomes measurements. Foot Ankle
Int. 2014;35(1):1-7.

Papuga MO, Mesfin A, Molinari R, Rubery PT. Correlation of
PROMIS physical function and pain CAT instruments with
Oswestry Disability Index and neck disability index in spine
patients. Spine (Phila Pa 1976). 2016;41(14):1153-1159.
Palvanen M, Kannus P, Niemi S, Parkkari J. Secular trends in the
osteoporotic fractures of the distal humerus in elderly women. Eur
J Epidemiol. 1998;14(2):159-164.

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

. Varecka TF, Myeroff C. Distal humerus fractures in the elderly

population. J Am Acad Orthop Surg. 2017;25(10):673-683.
Pidhorz L, Alligand-Perrin P, De Keating E, Fabre T, Mansat P.
Distal humerus fracture in the elderly: does conservative treat-
ment still have a role? Orthop Traumatol Surg Res. 2013;99(8):
903-907.

Zagorski JB, Jennings JJ, Burkhalter WE, Uribe JW. Comminuted
intraarticular fractures of the distal humeral condyles. Surgical vs.
nonsurgical treatment. Clin Orthop Relat Res. 1986;(202):
197-204.

Srinivasan K, Agarwal M, Matthews SJ, Giannoudis PV. Frac-
tures of the distal humerus in the elderly: is internal fixation the
treatment of choice? Clin Orthop Relat Res. 2005;(434):222-230.
John H, Rosso R, Neff U, Bodoky A, Regazzoni P, Harder F.
Operative treatment of distal humeral fractures in the elderly.
J Bone Joint Surg Br. 1994;76(5):793-796.

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

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

Zhang C, Zhong B, Luo CF. Comparing approaches to expose
type C fractures of the distal humerus for ORIF in elderly patients:
six years clinical experience with both the triceps-sparing
approach and olecranon osteotomy. Arch Orthop Trauma Surg.
2014;134(6):803-811.

Helfet DL, Hotchkiss RN. Internal fixation of the distal humerus:
a biomechanical comparison of methods. J Orthop Trauma. 1990;
4(3):260-264.


https://orcid.org/0000-0002-8217-0593
https://orcid.org/0000-0002-8217-0593
https://orcid.org/0000-0002-8217-0593
https://orcid.org/0000-0002-8217-0593

Kaiser et al

28.

29.

Stoffel K, Cunneen S, Morgan R, Nicholls R, Stachowiak G.
Comparative stability of perpendicular versus parallel double-
locking plating systems in osteoporotic comminuted distal
humerus fractures. J Orthop Res. 2008;26(6):778-784.

Taylor PA, Owen JR, Benfield CP, Wayne JS, Boardman ND III.
Parallel plating of simulated distal humerus fractures demon-
strates increased stiffness relative to orthogonal plating with a

30.

distal humerus locking plate system. J Orthop Trauma. 2016;
30(4):e118-122.

Lee SK, Kim KJ, Park KH, Choy WS. A comparison between
orthogonal and parallel plating methods for distal Humerus frac-
tures: a prospective randomized trial. Eur J Orthop Surg Trauma-
tol. 2014;24(7):1123-1131.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


