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Background: Combined injuries of ipsilateral wrist and elbow joints are rare in clinical practice,
characterized by multiple joint dislocations or/and fractures and varying manifestations. As there are still
no clinical guidelines and no consensus on the standard treatment, this study aimed to explore the surgical
intervention and complications of this kind of combined injuries.

Methods: This retrospective study was conducted in a single center. A total of 13 patients with acute
combined injuries of the ipsilateral wrist and elbow joints receiving surgical treatment from August 2013
to May 2016 were retrospectively analyzed. The fracture and joint instability and structural damages were
repaired and reconstructed.

Results: All 13 patients were followed up for a mean duration of 17 months (range: 14 to 22 months). The
X-ray films showed good fracture reduction and joint alignment, no fixation failure, re-displacement, bone
nonunion, or ischemic necrosis in all cases. According to the Mayo Elbow Performance Score (MEPS), the
excellent and good rate of joint function was 84.6%. According to the Mayo Modified Wrist Score (MMWS),
the excellent and good rate of joint function was 76.9%. There were no significant restrictions on elbow
and wrist movements. The disabilities of the arm, shoulder, and hand (DASH) score was excellent, with an
average of 18.5 points.

Conclusions: The key to intervention of combined injuries of the wrist and elbow is to identify the types
of injuries and conduct an overall assessment to determine the appropriate surgical methods. Early surgical

intervention and rehabilitation exercise are the main principles for the treatment.
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Introduction

The acute combined injuries of ipsilateral wrist and elbow
joints mainly caused by high-energy external force are
rare in clinical practice, often causing damages to bones,
joints, and surrounding supporting tissues. In this process,
axial loads, joint rotation, and inversion/eversion force can
be important injury factors (1-4), each causing different
degrees and types of injuries to the related bones, joint
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capsules, and ligaments, thus increasing the complexity of
diagnosis and treatment (5). The severity of the injury is
related to the strength and distribution of the external force
as well as the position of the upper limb during the injury (6).

For combined injuries of ipsilateral wrist and elbow
joints, there are still no clinical guidelines for the standard
treatment options. The conservative treatment, such

as external fixation, poses the potential risk of affecting
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wrist, elbow, and forearm function due to long-term
fixation, affecting the ultimate functional recovery (7,8).
The key to surgical intervention is to identify the types of
injuries and conduct an overall assessment to determine
the appropriate surgical methods at the early stage. Early
surgical intervention and rehabilitation exercise are the
main principles for the treatment of the combined injuries
of the wrist and elbow (9,10).

From August 2013 to May 2016, 13 patients with acute
combined injuries of the ipsilateral wrist and elbow joints
underwent surgical treatment at our hospital. The purpose
of this study was to report our treatment experiences
and therapeutic outcomes of these cases to improve the
understanding of the kind of injuries. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6598/rc).

Methods
Patients

A total of 13 patients with acute combined injuries of
the ipsilateral wrist and elbow joints receiving surgical
treatment at our hospital from August 2013 to May 2016
were retrospectively included for analysis. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). This study was approved by Institutional
Review Board (IRB) of the First Affiliated Hospital of Sun
Yat-sen University (No. [2020]490), and written informed
consent was waived by the IRB due to the retrospective
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nature of this study.

Fractures classification

All cases were evaluated by X-ray and computed
tomography (CT) examinations on the wrist and
elbow joints before operation (Figures 1,2). Fractures
classifications of the 13 patients are shown in Table 1. The
radial head fractures were categorized based on the Mason
classification, including 1 case of type I, 7 cases of type
II, and 2 cases of type III. There were 2 cases that were
combined with radial neck fractures.

The ulnar coronoid process fractures were classified
based on the Regan-Morrey classification. All the 3
cases were type I fractures. Distal radial fractures were
categorized according to the Association for Osteosynthesis/
Association for the Study of Internal Fixation (AO-ASIF)
classification, including 3 cases of A3 type, 1 case of B2 type,
2 cases of B3 type, 3 cases of C2 type, and 2 cases of C3
type fracture. Scaphoid fractures were classified according
to the modified Herbert classification, including 1 case of
type Al, 2 cases of type B2, and 1 case of type B4. There
were 4 cases of ulnar head or distal shaft of ulnar fractures,
2 cases of ulnar styloid fractures, and 1 case of ulnar styloid
process fracture.

Surgical methods

Patients underwent emergency surgery after admission.
Patients with surgical contraindications were excluded.
The patient was placed in a supine position. The elbow
injury was treated first, followed by the wrist injury. The
fixation and repair sequence of the damaged elbow was
the ulnar coronoid process, the radial head, the lateral
collateral ligament, and the medial collateral ligament.
The fixation and reconstruction sequence of the damaged
structure of the wrist is the radius, ulna, scaphoid, and distal
radioulnar joint.

According to the preoperative evaluation, the degree
of intraoperative fracture and joint ligament injury, the
appropriate fixation, and repair reconstruction methods
were selected. The ulnar coronoid process fractures were
fixed with bone anchors and the anterior joint capsule of
the anterior elbow was repaired. The radial head fracture or
distal ulnar shaft fracture was fixed with a pure poly-L-lactic
acid (PLLA) bioabsorbable screw or a 2.0-mm T-shaped
plate. Lateral collateral ligament injury was reconstructed
by bone anchor; medial collateral ligament injury was
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S
Figure 1 A 45-year-old male had left elbow opening injury due to falling from high. X-ray plain film on the front (A) lateral (B) of the
forearm showed combined injury of the wrist and elbow. (C,D) X-ray plain film indicated comminuted fracture at distal radius of the wrist
joint, ulnar variation (solid arrow) greater than 13 mm, and dorsal shift of the wrist, suggesting distal radioulnar joint instability, combined
with ulnar styloid tip and scaphoid lumbar fracture (dashed arrow). (E,F) Posterior dislocation of the elbow, the ulna rotated externally, and

there is no of the superior radioulnar joint showed no obvious separation.

Figure 2 CT scan and 3-dimensional reconstruction at the time of injury. (A,B) Dislocation of the left elbow joint, and multiple fragment
bones around the ulna (solid arrow), suggesting a medial avulsion fracture, no abnormalities in the coronoid process. (C) Mild displacement
of the radial head fracture (dashed arrow). CT, computed tomography.

sutured directly or by humeral drilling, or repaired by the There were 3 patients with bone defects at the radius
bone anchor fixation. Distal radial fractures were treated metaphysis after fracture reduction. The allogeneic bone
with closed reduction-percutaneous Kirschner wire fixation filling was performed to correct the shortening deformity
and external fixation, or open reduction and fixed by a and restore the position of distal radius bone. Scaphoid
3.5-mm volar locking T-shaped plate or fixed by a bone fractures were treated with closed percutaneous Herbert
plate and external fixation. screws.
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Figure 3 Postoperative X-ray examination. (A,B) The distal radius fracture of the wrist was reduced and fixed with a 3.5-mm T-shaped

locking plate on the palmar side. Normal alignment between the humerus height (solid arrow) and the inferior radioulnar joint. The

scaphoid fracture was fixed by Herbert screws. (C,D) The elbow radial head fracture was fixed by bioabsorbable screws. After the internal

and lateral collateral ligament injuries were repaired, the hinged external fixator assisted in maintaining the stability of the elbow joint and

expanded a joint space.

Patients were given postoperative protective braces for
no more than 1 week. The elbow extension was limited not
exceed 30° within 1 month (Figure 3). If the gravity stability
test showed that the joint was still unstable after confirming
the reduction of the elbow joint, fracture fixation, and
ligament repair, the joint could be fixed with the elbow
hinge fixator for no more than 1 week.

Postoperative treatment

The patients were given postoperative detumescence treatment
and the peripheral circumflex of the affected limb was observed
to prevent the occurrence of compartment syndrome.
Antibacterial drugs are routinely applied for 1-3 days and could
be extended to 4-7 days in open fractures.

All patients took indomethacin (25 mg 3 times a day)
at postoperative day (POD) 1 for 3 weeks to relieve pain
and prevent heterotopic ossification (11). Patients with
intraoperatively-confirmed neurological damage were given
neurotrophic drugs.

All patients took indomethacin (25 mg 3 times a day)
1 day after surgery for 3 weeks to relieve pain and prevent
heterotopic ossification (11). Patients with neurological
damage confirmed during surgery were given neurotrophic
drugs.

According to the general situation, the patient began the
rehabilitation exercise of the injured limb as early as possible
to avoid the occurrence of elbow stiffness. The brace fixed
the elbow joint in the flexion position and the wrist joint in
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the neutral position. For patients with combined scaphoid
fractures, the thumb needed to be fixed in the outreach
position. The elbow and wrist external fixation bracket
were removed at 6 weeks postoperation. After removal of
the brace, the patient began the active and passive active
exercises of joint flexion and forearm rotation.

Functional assessment

Joint function evaluation during follow-up was based
on objective and subjective clinical outcomes and was
determined according to the Mayo Modified Wrist Score
(MMWS) (12) and Mayo Elbow Performance Score
(MEPS) (13). The wrist function scores included pain,
mobility, functional status, and grip strength. The scores for
elbow function included pain, mobility, stability, and daily
living function. The range of motion (ROM) of the affected
joints and forearms and the grip strength were compared
with the contralateral upper limbs. The subjective
functional evaluation of the injured limb was recorded by
the disabilities of the arm, shoulder, and hand (DASH)
questionnaire.

Fracture position, bone healing, heterotopic ossification,
and joint alignment were observed by standard posterior-
anterior and lateral radiographs of the wrist and elbow
joints. Heterotopic ossification around the joint was
assessed and graded according to the criteria by Brooker
et al. (14). The severity of post-traumatic arthritis was
assessed according to the Knirk-Jupiter (wrist joint) (15)
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Case Age (sex) Injured side Mechanism of Close or l.\lgrve Wrist Elbow fractures Liga.ment Di.slocati.c?n or

No. trauma open injury fractures (type) (type) lesions instability

1 32 (M) R/+ Fall from height C DR (A3.1) CP () LCL Elbow dislocation
DU

2 26 (M) R/+ Fall from height C DR (B2.2) RH (1) LCL Elbow dislocation

SCA (A1) MCL

3 33 (M) R/+ MVA (0] Median n. DR (C2.1) RH (1ll) LCL Elbow dislocation”
SuU CP () MCL DRUJ instability

4 37 (M) L Fall from height C SCA (B4) RH (1) TSPD

5 45 (M) L/+ Fall from height Radial n. DR (C3.2) RH (I) LCL Elbow dislocation
SuU MCL DRUJ instability

SCA (B2)

6 27 (F) R/+ Fall from height DR (A3.1) RH (1) MCL

7 38 (M) L Sports DR (B3.3) RH (1ll) LCL Elbow dislocation
DU MCL

8 42 (M) R/+ Fall from height SCA (B2) RH (II)

9 35 (M) R/+ MVA DR (C2.2) RH (1) MCL Elbow dislocation
DU

10 48 (F) L Cycling C DR (C3.1) RH (II) LCL Elbow dislocation
su DRUJ subluxation

11 29 (M) R/+ Fall from height C  Mediann. DR (B3.3) RH (1) MCL DRUJ instability
SuU

12 43 (M) L Sports C DR (A3.1) CP(l) LCL Elbow dislocation
DU MCL

13 38 (F) R/+ MVA 0] DR (C2.2) RH (1) MCL DRUJ instability

* TTIE, terrible triad injury of the elbow. M, male; F, female; R, right; L, left; +, dominant side; MVA, motor vehicle accident; DR, distal
radial fracture; DU, ulnar head or distal shaft fracture; SU, ulnar styloid fracture; SCA, scaphoid fracture; TSPD, trans-scaphoid perilunate
dislocation; RH, radial head fracture; CP, coronoid process fracture; LCL, lateral collateral ligament; MCL, medial collateral ligament;

DRUJ, distal radioulnar joint.

and the Broberg-Morrey (elbow joint) (16) grading criteria.

Statistical analysis

Data were analysed using SPSS version 19.0. Descriptive
analysis was performed to compare baseline characteristics.
For continuous data, medians and interquartile ranges
were calculated. Statistical tests were selected based on
the distribution and type of data. A P<0.05 was considered
statistically significant.
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Results
Patients

There were 10 males and 3 females, and the mean age was
34 years (range: 26-48 years). The demographic and clinical
characteristics of the patients are summarized in Table 1. All
patients had unilateral upper limb injuries, including 5 cases
on the left side, 8 cases on the right side, and 9 cases on the
dominant side.

A total of 8 patients had dislocation of the elbow joint at
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admission, and all were posterior dislocation confirmed by
X-ray plain film. The causes of injury were external forces,
7 cases of falling from a height, 4 cases of traffic injuries,
and 2 cases of sports injuries. There were 10 cases of closed
fracture and 3 cases of open fracture, including 2 cases of
Gustilo type 1 fractures (wrist), and 1 case of Gustilo type
2 fracture (elbow). A total of 11 cases were admitted within
24 hours after the injury, and 2 cases were within 72 hours.
The mean time from injury to surgery was 3.5 days (range:
6 hours to 5 days).

Follow-up outcome

All 13 patients were followed up for a mean follow up
duration of 17 months (range:14 to 22 months). All the
incisions were healed at the first stage. There was no
infection, allograft rejection, forearm ischemic contracture,
or acute carpal tunnel syndrome. The plain X-ray showed
good fracture reduction and joint alignment, no fixation
failure or re-displacement, and bone healing in all cases.
The mean healing time of elbow fractures was 16 weeks
(range: 10 to 22 weeks), and the mean healing time of wrist
fractures was 14 weeks (range: 7 to 20 weeks). There were
no complications, such as avascular necrosis or nonunion,
fracture malunion, and joint instability. Elbow joints were
stable during follow-up without recurrence of dislocation.
There were 2 patients with mild heterotopic ossification
(Brooker grade 1) at 6 months postoperatively, and 3
patients had elbow degenerative changes (Broberg-Morrey
grade 1), which had no effect on elbow joint activity and
were treated with local warm compress and physiotherapy.
There was no secondary instability and dislocation in
the distal radioulnar joint. A total of 5 patients had wrist
traumatic arthritis (grade 1, Knirk and Jupiter arthritis
scoring system) without treatment. The scaphoid fractures
had no bone nonunion or ischemic necrosis.

One patient with radial nerve injury and 2 patients
with median nerve injury were followed up. At 4 months,
the nerve function recovered completely, without finger
numbness, muscle atrophy, or impaired finger activity.

Functional assessment

At the final follow-up, the mean ROM of the elbow was
6° (range: 0° to 20°) of extension and 136° (range: 118°
to 145°) of flexion. The mean ROM of the wrist was 72°
(range: 42° to 85°) of extension and 65° (range: 35° to 80°)
of flexion. The mean radial deviation was 24° (range: 15° to
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30°), whereas the mean ulnar deviation was 32° (range: 22°
to 40°). The ROM of forearm pronation was 73° (range:
62° to 86°), and that of forearm supination was 68° (range:
58° to 90°).

The average grip strength of the injured dominant
hand reached 86% of the contralateral upper limb, and the
average grip strength of the injured non-dominant hand was
74% of the contralateral upper limb. The elbow and wrist
joints were well-positioned.

According to the MEPS scoring system, 8 cases were
excellent, 3 cases were good, and 2 cases were good. The
combined excellent and good rate was 84.6%. According to
the MMWS scoring system, 5 cases were excellent, 5 cases
were good, and 3 cases were good. The combined excellent
and good rate was 76.9%. There were no significant
restrictions on elbow and wrist movements (Figure 4). The
DASH score was excellent, with an average of 18.5 points.

Discussion

For the management of the acute combined injuries of
the ipsilateral wrist and elbow joints, comprehensive
and systematic examinations prior to treatment are very
important. It is not only necessary to select requisite clinical
imaging detection methods to accurately determine the
specific types of fractures and dislocations’ but also to
reasonably evaluate the severity and scope of soft tissue
injuries. When treating all elbow fractures or dislocations,
the X-ray film of the elbow and wrist joints should be
routinely examined. When the wrist receives a great violent
external force, the cancellous bone structure at the distal end
of the radius bone makes it prone to comminuted fractures
and severe displacement, and may also combine with carpal
fracture or dislocation. Among them, the incidence of
combined scaphoid fractures is relatively high (17). There
were 4 cases of scaphoid fractures in this study, accounting
for 36.4% (3/11) of the distal radius fractures. Meanwhile,
CT scan and 3-dimensional (3D) reconstruction are more
reliable than conventional X-ray photograph and accurately
reflect abnormalities in fractures or dislocations.

In the case of open injury, fractures, and joint dislocation,
the associated soft tissue must be carefully examined,
including local skin soft tissue integrity, limb swelling and
wound contamination, vascular injury, and neurological
function. In this study, there were 3 cases of open injury: 1
case at the anterior lateral elbow, caused by the dislocated
sacral head piercing the skin; 2 cases at the ulnar side of the
wrist were caused by fragments of the distal radius fracture.
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Figure 4 Functional recovery of the left upper extremity 5 months after surgery in a 45-year-old male patient (case no. 5). (A,B) Forearm

rotation function. (C,D) Flexion and extension function of the elbow joint. (E,F) Flexion and extension function of the wrist joint. These

images are published with the consent from the patient.

The wound contamination was mild, but the surrounding
support tissue was seriously damaged. Acute neuropathy
is more common in severe injuries related to high-energy
external forces, including fracture comminution, obvious
displacement, and associated open wounds, which can
be manifested in different forms of sensory and activity
disorders. The recovery of neurological function after
surgery is an important factor affecting the prognosis.
Therefore, surgical exploration, neurotrophic or physical
therapy should be selected to improve neurological function
according to the objective judgment of the neuropathic
pattern in patients. In this study, there was 1 case of radial
nerve injury in the elbow and 2 cases of median nerve injury
in the wrist, which were caused by fracture compression or
traction injury. After the operation, the neurotrophic and
symptomatic treatment was given, and the nerve function
was completely restored.

The scaphoid fracture is an intra-articular fracture and
is difficult to be fixed by external fixation (18), which may
cause delayed fracture healing or non-healing, and even
ischemic necrosis. When combining with the ipsilateral
distal radius fracture or the wrist stabilizing structure,
the stability required for the scaphoid fracture is high,
and internal fixation is the primary treatment option.
In this study, 4 cases of scaphoid fractures were fixed
by percutaneous Herbert cannulated screws under the
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guidance of X-ray fluoroscopy, which can provide relatively
stable internal fixation, reduce the damage of surrounding
tissue and blood supply interference, and facilitate fracture
healing and early-stage functional exercise.

The repair of the bony stabilizing structure of the elbow
should take precedence over the repair of soft tissues, such
as the joint capsule and ligament. After the fracture, the
reconstruction of the coronal process plays an important
role in the joint stability of patients with severe elbow
injury (19-21). The coronoid process type I fracture is an
intra-articular coronoid process fracture caused by axial
shear force (22), and it has been shown that reduction
and fixation of coronoid process fracture can considerably
improve surgical outcomes (23,24). Therefore, fixation and
reconstruction are necessary for coronoid process fracture
regardless of its size. In this study, the fragments of the
coronoid process fractures were small (the Regan type I
fracture). According to the preoperative evaluation and
the intraoperative exploration, the bone anchors were used
for suture fixation. After the operation, the stability of the
elbow joint can be maintained without joint dislocation.

The radial head plays important roles in maintaining
the valgus stability of the elbow and cooperating with the
coronoid process to prevent the posterolateral rotatory
instability of the elbow joint (25,26). Therefore, the radial
head fractures should be reduced as much as possible to
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restore the continuity of the articular surface and maintain
stability. Effective internal fixation methods include
Kirschner wire, micro-screws or Herbert screws, steel
plates, and their therapeutic efficacies have been supported
by the corresponding clinical research (26). However,
the treatment of complex radial head fractures in case of
elbow joint instability is still controversial. Van Glabbeek
et al. (27) and Harrington e al. (28) have suggested that
prosthetic radial head replacement can effectively maintain
the stability of the elbow joint. By contrast, a retrospective
controlled study by Leigh et al. (29) found that radial
head reconstruction has comparable clinical outcomes
with prosthetic replacement treatment. In this study,
considering that the patients were young and the wrist had
combined injury, open reduction and reconstruction were
performed for all cases of radial head fractures combined
with dislocation. As the elbow joint is non-weight-bearing,
we choose the internal fixation method with bioabsorbable
screws, which can meet the requirements of early functional
motion. For 2 cases of comminuted radial head fracture
(Mason-III type), the radial head was not excised to
prevent the posterior radius from proximal shift, causing or
aggravating wrist dysfunction. No postoperative delocalized
fractures, bone nonunion, or necrosis was found in the X-ray
examination.

Biomechanics (30) and clinical findings (31) show
that the repair of the collateral ligament can significantly
improve the instability of the elbow joint. However, in
different injury modes, the collateral ligament is damaged
to a varying degree (17), therefore the necessity of routine
repair needs to be further investigated. According to the
X-ray of the ulnar rotation state at the time of injury,
the collateral ligament injury in this study was given
individualized treatment under the premise of meeting
the functional stress requirements of the elbow joint. The
lateral collateral ligament injury was all fixed by bone
anchor and reconstructed. The stability of the elbow
joint was determined intraoperatively. In the case of
instability, the medial collateral ligament could be repaired
simultaneously or the hinged external fixator could be
applied. In this study, all patients had no radial or ulnar
shaft fractures, and there was no separation or dislocation
of proximal radioulnar joint. Thus, the distal radius, ulnar
head or styloid process fractures are the main cause of 5
cases of inferior radioulnar joint injury. The wrist fractures
were reduced and fixed, and the abnormal position of radial
bone in the inferior radioulnar joint was corrected. After
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the intraoperative rotation test, patients with the risk of
radioulnar ligament injury were given short-term protective
fixation. There was no persistent instability of the inferior
radioulnar joint during follow-up. The X-ray plain film
showed no dislocation of the radial head and proximal radial
displacement.

In the process of identifying the injury and preselecting
interventions, we should pay more attention to the
systematic imaging examination and avoid missed diagnosis
and misdiagnosis. For the treatment of such injuries, the
protocol of operative indications can be appropriately
expanded. The main principle is to stabilize the joint and
maintain the biomechanical congruence in sequence of
distal wrist to proximal elbow. the effective, efficient, and
early exercise should be applied post-operation. Meanwhile,
it is required to closely observe the degree of swelling of
the injured limb and deal with it in time in order to reduce
potential complications.

Conclusions

For the management of acute combined injuries of the
ipsilateral wrist and elbow joints, after comprehensive
and accurate evaluation, a reasonable surgical strategy can
be determined, including accurate reduction and stable
fixation of the fractures, combined with adequate repair of
surrounding soft tissue. The relative stability of the wrist
and elbow joints should be restored in time and effectively
maintained. Postoperative joint braking time should be
shortened as much as possible, and active functional exercise
can significantly improve the prognosis. However, attention
should be paid to the accompanying nerve damage and
secondary traumatic arthritis.
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