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Polylactide pins can effectively �x severely
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Abstract
Background The treatment of comminuted unsalvageable radial head fracture remains controversial.
Open reduction and internal �xation are hard to achieve. Common techniques include radial head
resection and arthroplasty. Both methods have characteristic complications. The present study aims to
demonstrate the feasibility of treating unreducible radial head fractures with absorbable polylactide pins.

Methods A total of 17 patients with severely comminuted Mason type III radial head fractures were
treated with open reduction and internal �xation using polylactide pins and 23 with metallic implants.
Patients receiving both modalities were followed-up for a mean of 15 months (standard deviation [SD]:
2.6). Radiographic analysis was conducted 2, 30, 60 and 120 days after surgery. Measurements of range
of motion (ROM), disability of arm shoulder and hands, Mayo elbow performance score and Broberg and
Morrey elbow score were recorded, with treatments compared using a Mann-Whitney U test.

Result All fractures healed successfully. The data shows no statistical difference between the polylactide
and metallic implant groups. Complications were infrequent and did not cause disability. All patients were
satis�ed with the surgical outcomes.

Conclusion Polylactide pins can feasibly treat severely comminuted radial head fractures which are
normally considered unreducible. The outcomes were similar to those of metallic implants. This
technique provides an optional treatment plan in addition to resection and arthroplasty, especially for
young patients that refuse that form of treatment.

Introduction
Mason type -  radial head fractures in which the head is severely comminuted are considered
unsalvageable and di�cult to treat with open reduction and internal �xation (ORIF)(1). Such fractures
have been previously treated with radial head resection with good results having been reported (2).
However, long-term studies have demonstrated that radial head resection leads to a series of
complications such as proximal migration of the radius, valgus instability and distal radioulnar joint
(DRUJ) dysfunction(3, 4). So radial head arthroplasty has become the most popular treatment for such
fractures. A wide variety of prostheses is available that is effective in preventing proximal migration of
the radius which can increase dynamic stability of the elbow joint and DRUJ(5, 6). Although radial head
arthroplasty results in favorable outcomes, a number of mid to long-term retrospective studies have
demonstrated that a considerable proportion of patients who undergo arthroplasty ultimately experience
complications such as capitellum erosion, elbow joint arthrosis and loosening of the prosthesis (7–9).
Although the majority of these patients are asymptomatic, there remains controversy as to whether
arthroplasty should be performed on young patients.

With the development of absorbable �xation devices, the risk of joint obstruction and soft tissue irritation
caused by implant loosening is eliminated, as the �xation device absorbs within 12 months. It is possible
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to use smaller, absorbable pins that are not threaded to �x intraarticular comminuted fractures, which are
di�cult to �x with metallic screws or plates.

The aim of the present study was to ascertain whether ORIF of unsalvageable radial head fractures using
absorbable polylactide pins is practicable in comparison to treatment with traditional metallic plates and
screws.

Methods
From May 2011 to April 2018, 103 patients with radial head fractures received surgical treatment in the
department of orthopedic of University-town Hospital of Chongqing Medical University and was followed
up for at least 12 months. Twenty patients underwent internal �xation with absorbable polylactide pins.
The remaining patients were treated with traditional metallic �xation devices, namely headless screws
and plates. The inclusion criteria required patients to have a Mason type  radial head fracture, with a
radial head comminuted into more than 3 fragments. In order to eliminate the in�uence of soft tissue
damage, patients whose fracture was combined with elbow joint dislocation, complete ligament rupture,
ulnar coronoid fracture type -  or joints with clear instability were excluded (Fig. 1). Forty patients were
eligible for inclusion, of which 17 were �xed with absorbable polylactide pins and 23 treated with metallic
plates and headless screws. Patients treated with polylactide pins were de�ned as the experimental
group, the others as the control. The mean number of fragments in the experimental group was 4 (SD:
0.6) with 3 in the control group (SD: 0.3) (Fig. 3). Patients were followed-up for a mean of 14.7 months
(SD: 2.6). Twenty eight patients were women and 12 were men, mean age 42.3 years (SD: 11.0), 17 of
whom were under 40 years of age. Nineteen fractures were on the right side, all being right-handed and 21
were on the left side.

All surgery was performed by skilled surgical teams. A lateral approach was used to access the radial
head. Fractures of the experimental group were �xed with 1.5 mm degradable pins fabricated from L-
lactic acid, D-lactic acid and trimethylene carbonate (Inion OTPS™ Pin System, Inion, Finland). The
reduction process occasionally required the use of an on-table reconstruction technique to reduce the
comminuted radial head in vitro (Fig. 2). The radial head was temporarily �xed with at least four 1.0 mm
kirschner wires in multiple orientations which were replaced one by one using degradable pins whose
lengths were modi�ed. The reconstructed radial head was then reattached to the shaft and �xed with at
least 3–4 degradable pins in a cross orientation. Conversely, the control group was �xed with 2.0 mm
conventional low-pro�le mini T plates (Weigo mini low-pro�le plate system, Weigo, China) and 2.5 mm
VPS headless compression screws (Weigo VPS headless compression screw, Weigo, China). Each plate
was placed on a non-articulating region of the radial head (10) and VPS screws sunken below the
cartilage to prevent any interference with rotation. Flexion, extension and rotation of the elbow joint were
checked to ensure there was no obstruction. A lateral stress test was performed to ensure no lateral
instability prior to repair of the annular ligament, after which the incision was routinely closed.



Page 4/16

Following surgery, a hinged elbow joint brace was utilized in order to reduce edema and pain. The hinge
was unlocked to allow passive �exion and extension exercises several times a day after pain was
relieved. Progressive weight bearing was initiated after early healing of the fracture was con�rmed in
radiological follow-up. Metallic implants were removed 46 weeks (SD: 8) after surgery, depending on the
demands of each patient.

Patients were evaluated at every follow-up, in which the Mayo Elbow Performance Index (MEPI), Broberg
and Morrey elbow score, visual analogue scale (VAS) score of pain during elbow joint movement and
Disabilities of the Arm, Shoulder and Hand (DASH) outcome measure were recorded. Radiographic
assessment was conducted at each follow-up until fracture was completely healed or the implant
removed.

Statistical analysis
Following the collection of the �nal follow-up data, a Mann-Whitney U test was conducted using SPSS
20.0 (IBM, USA) to assess the statistical signi�cance of differences between the two types of implant. A p
value less than 0.05 was considered signi�cant.

Results
Each fracture was clinically healed by the �nal follow-up examination (June 2019). No patient suffered
nonunion and no reoperation was required. The duration of surgery for the experimental group was
134 min (SD: 21 min), and 131 min (SD: 19 min) for the control group, which was not signi�cantly
different. Blood loss during surgery was 121 ml (SD: 25 ml) to 124 ml (SD: 27 ml) for the experimental
and control groups respectively, also not signi�cantly different (Fig. 3).

Four of the patients in the experimental group and 5 in the control group experienced mild pain at the
maximum extent of range of motion (VAS 1–2). Only one considered that the pain affected his daily
activities.

The MEPI scores of the two groups are presented in Table 1. A greater number of patients with metallic
implants scored “excellent” than the experimental group, but the only patient to score “fair” was also in
the control group, complaining of mild pain during a change in the weather and requiring non-steroidal
anti-in�ammatory drugs (NSAIDs) to ease the pain. However, there was no statistical difference in MEPI
scores between the two groups. The Broberg and Morrey scores (Table 2) were consistent with those of
the MEPI, and were also not signi�cantly different between the two groups. Range of motion values are
displayed in (Table 3) and also are not statistically different between the two groups. Range of extension
de�cit is common, but the majority of the de�cit is less than 30°. The de�cit in only 8 patients was greater
than 30°, 4 �xed with absorbable pins and 4 with metallic implants. The range of motion from full
extension to �exion was greater than 100°, and pronation to supination more than 50°. DASH outcome
measures represent upper limb function in daily activities. The mean score in the experimental group was
4.5 (SD: 3.0), compared with 3.7 (SD: 3.5) for the control group, a difference that was not signi�cantly
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different (p = 0.5). No patient score was higher than 10 and no one complained about experiencing
disability su�ciently severe to affect the activities of daily life.

Table 1
the MEPI score

Fixation type MEPI score,
Mean (SD)

p Number of patients

Excellent,n(%) Good,n(%) Fair,n(%) Poor,n(%)

Polylactide pin 91(SD 7) 0.4 9(53%) 8(47%) 0 0

Metallic implant 94(SD 9) 17(74%) 5(22%) 1(4%) 0

Table 2
broberg and morrey score

Fixation type Elbow score,
Mean (SD)

p Number of patients

Excellent,n(%) Good,n(%) Fair,n(%) Poor,n(%)

Polylactide pin 93(SD 3) 0.7 6(35%) 11(65%) 0 0

Metallic implant 93(SD 5) 10(44%) 12(52%) 1(4%) 0

Table 3
motion range

  Absorbable rods,
Mean (SD)

Metallic implant,
Mean (SD)

p

�exion 134(SD 7) 135(SD 8) 0.6

Extension de�cit 21(SD 9) 20(SD 8) 0.9

pronation 67(SD 6) 63(SD 9) 0.08

supination 72(SD 5) 73(SD 8) 0.8

One patient who received an absorbable pin �xation experienced signs of fracture displacement during
radiological follow-up 1 month after surgery (Fig. 4). However, due to pain and swelling 2 days after
surgery, radiographic images were acquired in a slightly pronated position in which a possible
malreduction was obscured. Therefore, it is not possible to determine whether the displacement was due
to �xation failure or malreduction. The fracture suffered a delayed union but was fully healed 6 months
after surgery. The radial head exhibited mild bone resorption and the articular space between radial head
and capitellum had broadened slightly. But there was no evidence of lateral instability. The patient only
complained about mild pain when the weather changed and occasionally required NSAIDs to ease the
pain. Daily activities were not affected and the patient was satis�ed with the outcome.
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One patient who received absorbable pin �xation reported wrist pain during early active-assisted exercise
4 days after surgery. An additional Essex-Lopresti lesion had been missed prior to surgery due to plaster
splint immobilization and pain from the elbow joint restricting pronation and supination of the forearm. A
hinged elbow joint brace was utilized for an additional 3 weeks. At the �nal follow-up (14 months after
surgery), the patient’s functional score was “good”, with 30° of extension de�cit, but range of motion from
full extension to �exion was 100° and from pronation to supination 130°. There was no residual pain and
the patient experienced no disability in daily activities, returning to work 4 months after surgery.

Two patients in the control group suffered delayed healing but did not postpone early exercise. The
fracture was fully healed in each case, with excellent elbow function. An additional patient in the control
group showed signs of heterotopic ossi�cation, but was otherwise asymptomatic.

Discussion
Radial head fracture accounts for one-third of elbow joint fractures. The principal cause of fracture is
high energy impact transmitted from the hand and wrist during a fall (11). This occurs more commonly in
energetic sports and hard physical labor. The mean age of affected patients is 45 years (12).

Treatment options for radial head fracture depend on classi�cation, degree of soft tissue damage,
dislocation and number of fragments. Isolated nondisplaced fractures, or those with displacement of less
than 2 mm and without mechanical obstruction can be treated by immobilization. Comminuted fractures
or those that are simple with displacement of greater than 2 mm are usually treated surgically(1). Options
include open reduction and internal �xation, or radial head excision and arthroplasty. Radial head partial
fracture or comminuted fracture having fewer than 3 fragments can be �xed with screws and plates(4).
Severely comminuted fractures are almost impossible to �x with plates and screws, and cause a higher
rate of failure of �xation, nonunion and osteonecrosis (13). This type of fracture is de�ned as
“unsalvageable” or “unrepairable” radial head fractures (6, 14) and are usually treated by radial head
resection or arthroplasty.

De�ciency in the radial head will lead to a series of complications such as valgus instability, radius
proximal migration with consequent wrist pain, posterolateral rotatory instability and elbow joint
dislocation. because the radial head is a secondary stabilizer of the elbow and forearm (3, 6, 15, 16).
Therefore, resection of the radial head is now rarely performed and only if the patient is of advanced age
and has low functional requirements.

With improvements in radial head prostheses, radial head arthroplasty has become a feasible option for
treatment of comminuted radial head fractures (5). Compared with radial head resection, radial head
replacement can signi�cantly improve the stability of the elbow joint (5). If the fracture is combined with
collateral ligament disruption, elbow joint dislocation, “terrible triad” injuries or Essex-Lopresti injuries,
radial head replacement can provide up to 75% of valgus stability (17). Radial head replacement can
signi�cantly shorten the duration of surgery compared with ORIF. This advantage is especially important
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when the fracture is combined with dislocation and soft tissue rupture that requires repair during surgery.
Radial head replacement appears to have fewer complications than ORIF in comminuted fracture (18).

Conversely, radial head replacement also suffers characteristic complications. The reliability of
prostheses remains controversial. Periprosthetic stem lucency is common during long-term follow-up (9).
The majority of lucency is asymptomatic, but some develop into stem loosening combined with varying
degrees of pain. Signs of ulnohumeral arthritis in radiographs is found in 38% of patients 8 to 12 years
after arthroplasty. Capitellum resorption is also not di�cult to identify(19). Depending on the design of
prosthesis, the total survival rate after 8–12 years varies from 0–24% (8, 19–21). Longer periods of
observation are required.

Considering the uncertain long-term outcome of arthroplasty, radial head replacement should be used
cautiously on patients under 50 years of age. Every effort should be made to preserve the radial head
prior to resection or replacement in patients under 30 years of age. In addition, due to religious beliefs and
cultural considerations, it is occasionally di�cult to persuade the patient to undergo radial head resection
or replacement.

Absorbable pins provide an approach to conduct ORIF of radial head fractures which cannot be �xed with
metallic plates and screws. Compared with traditional screws and plates, polylactide pins have a number
of unique advantages when treating severely comminuted radial head fractures. Smaller diameters
(1.5 mm) allows �xation of each fragment with multiple pins from different directions. Combined with an
“on-table” construction technique, the surgeon can �x a fracture with more than 4 fragments into a
“ferroconcrete” structure. In our experience, this technique exhibits high error tolerance capability. In
extremely conditions, fractures that have failed to be �xed with screws and plates still can be �xed with
polylactide pins, even have 2.5 mm drill holes on the fragments (Fig. 5). This “ferroconcrete”-like radial
head has superior robustness which can tolerate the most drastic reduction manipulation, which the
screw and plate technique cannot. In addition, polylactide pins are considerably easier to handle than
screws and plates. The surgeon only needs to �x the fracture with as many k-wires as required, which are
then replaced with polylactide pins one by one. For screws and plates, the k-wires block the insertion of
the screws such that the number and direction of k-wires is restricted, causing in the temporary �xation to
be unstable.

In the present study, the duration of surgery and blood loss in both groups was not statistically different.
Considering that fractures of the experimental group are clearly more comminuted than the control group
(fragment numbers: 4 (SD: 0.6) and 3 (SD: 0.3), respectively; p < 0.0001), polylactide pins can also
shorten the duration of surgery and reduce blood loss. Polylactide pins can easily be thermally cut into
any length and placed under cortical bone and cartilage. This completely avoids the risk of joint
obstruction and soft tissue irritation. Conversely, metallic screws must be sunk under the cartilage which
risks over-compression (Fig. 6) and secondary fractures. Plates must be placed at a “safe-zone” on the
radial head which restrict positioning and direction of screw placement (10).
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A number of studies have already compared the outcome of polylactide pins with metallic �xation for the
treatment of Mason type -  radial head fracture. Clinical and functional scores of polylactide pins were
found to be as effective as metallic �xation (22, 23). However, the majority of samples in these studies
were non-comminuted or only slightly comminuted fractures. Researchers have seldom used polylactide
pins to treat “unsalvageable” radial head fractures.

The present study aimed to compare the feasibility of treating severely comminuted radial head fractures
using polylactide pins with metallic �xation. In the department of orthopedic of University-town Hospital
of Chongqing Medical University, polylactide pins were used to treat radial head fractures with more than
4 fragments. Therefore, the injuries of patients who underwent polylactide pin �xation were more serious
than those who received screw and plate �xation. A number of patients also suffered from a combination
of injuries such as elbow joint dislocation, “terrible triad” injuries and collateral ligament rupture. Radial
head fractures with signi�cant instability of the elbow joint endured considerably worse outcomes than
simple fractures (1, 3, 14). In order to eliminate this factor, fractures in which dislocation, “terrible triad”
injuries, coronoid fractures or collateral ligament rupture had occurred were excluded. It is clear that once
patients with joint instability had been excluded, there was no statistical difference in long-term function
between the experimental and control group. The range of motion of the two groups was almost the
same. The pronation angle of the control group appeared to be larger than the experimental group, but
not statistically so.

Two to 3 patients in each group suffered complications, but there is no evidence that the complication
rate of one group was greater than the other. No complications caused disability and patients were
satis�ed with the outcome.

Because of the limitations of metallic implants, fractures �xed with polylactide pins are more
comminuted than those �xed with metallic implants. This factor affected the consistency of the samples.
But since outcomes of the experimental group were similar to those of the control group, despite having
more severe comminution, the conclusions remain valid. On the other hand, the number of samples in the
study was small. This is in part because a large number of patients with elbow instability were excluded.
In addition, follow up periods were not su�ciently long, and so long-term outcomes of this technique are
unknown. We plan to add additional samples into the study and follow-up the patients for a longer
period. Finally, since arthroplasty is the most commonly used technique to treat severely comminuted
radial head fracture, it would be more meaningful to compare polylactide pins with radial head
replacement

Conclusions
In summary, polylactide pins can �x “unsalvageable” radial head fractures which metallic implants
cannot. When there are no combined injuries besides radial head fracture, the �nal outcome of
polylactide �xation is as effective as metallic devices, even if the fracture is more comminuted than the
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latter. This provides an additional option other than radial head resection or arthroplasty, which is
signi�cant for young patients.
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Figures

Figure 1

inclusion criteria
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Figure 2

the severely comminuted radial head was reconstructed in vitro and �xed with polylactide pins
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Figure 3

the compare between experiment group and control group. (a)the fragment number; (b)Blood loss in
operation; (c)operation time; (d)motion range; (e)broberg and morrey score; (f)DASH score; (g)MEPS score



Page 14/16

Figure 4

(a)x-rays before surgery. (b)2 days after surgery, from the overlapping of ulna and radius(white arrow) we
can see that the forearm of patient is in a slight pronation position. (c) 4 weeks after surgery, the radial
head look like have a ulnar side migration. But it is hard to say this is a pre-existing malreduction or a
�xation loosening. (d) the migration do not progress. The fracture fully healed at 6 month after surgery. X-
rays show slightly bone absorption of radial head and the gap between radial head and capitellum was
slightly broadened. There is no instability exist and the function is good.
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Figure 5

(a) the pattern of “unsalvageable” fracture. (b) on-table reduction of radial head and �xed with polylactide
pin, multiple direction of polylactide pin formed a “ferroconcrete” structure. (c) the reconstructed radial
head was �xed on the neck with multiple polylactide pins from different directions. (d) the nonarticular
zone restrict the position of screw, makes it hard to �x all the fragments with two parallel screw.
Meantime The comminuted radial head lack the bone substance beneath the cartilage, which is more like
a cartilage cap. If the screw can’t penetrate 2 layers of cortical of one fragment, the �xation is insecure.
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Figure 6

a 65 years old female �xed with two headless compressing screw. The fragment broken join the
tightening and was over compressed. The screw tip jut from the opposite cortical. Fortunately, the screw
did not block the rotation of proximal radioulnar joint.


