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Background: Bone loss at the metacarpophalangeal joint (MCP) after trauma is difficult to 
treat.
Objective: We aimed to investigate the effectiveness of Swanson's arthroplasty and the 
reason for implant fracture.
Methods: We retrospectively analyzed the data of 175 patients who underwent emergency 
MCP arthroplasty between 2013 and 2016. Some patients used a orthosis to limit the 
radioulnar movement of the metacarpal joint for eight weeks after surgery (Group A), 
while the other patients underwent only hand rehabilitation after surgery (Group B). The 
basic information and perioperative data of the patients were compared. The patients were 
followed up clinically for an average of 65±19 months. Postoperative and follow-up com
plications and functional parameters were recorded and compared. Stress model of implant 
fracture had been analyzed in order to mark the frequent area.
Results: A total of 162 patients were followed up, 4 of whom were lost to follow-up 
completely and 9 of whom were followed up by telephone only. There were 11 and 26 
implant fractures in groups A and B, respectively (P=0.019), and the degrees of radioulnar 
movement were 2±1° and 7±4°, respectively (P<0.01). The disabilities of the arm, shoulder, 
and hand (DASH) score and MCP joint range of motion (ROM) did not significantly differ.
Conclusion: The effect of Swanson’s arthroplasty for bone loss at MCP joint is useful. The 
radioulnar stress may be the reason for implant fracture. Joint orthosis can reduce the 
incidence of implant fractures.
Keywords: metacarpophalangeal joint defects, Swanson’s arthroplasty, stress model, hand 
surgery

Introduction
Bone loss at the metacarpophalangeal (MCP) joint after trauma is difficult to treat. 
Arthritis and pain often occur after MCP joint injuries.1 Preserving joint movement 
is challenging in both the short and long term. In addition, long-term fixation after 
bone stabilization can lead to the adhesion of tendons and soft tissue, limiting 
movement.2 In such cases, MCP surgery may be complicated by nonunion, bone 
defects and hand dysfunction.

Swanson’s MCP arthroplasty has been shown to be successful in the treatment 
of posttraumatic MCP arthritis and rheumatoid arthritis, but this procedure is 
related to a high rate of late failure, delayed infection, synovitis, and implant 
fractures.2–5 Previous studies have shown that the key to emergency MCP joint 
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replacement is to prevent infection, and second-stage sur
gery is often performed when the infection is severe.6,7 

With the development of drug research and the advance
ments of antibiotics, arthroplasty can relieve the problems 
of stiffness and capsular contractures when it is performed 
early. However, there are still some complications, such as 
early fractures of the implant, progressive stiffness of the 
hand and silicone synovitis.8,9 Recently, Roh et al10 found 
that MCP extension orthoses for sagittal band injuries lead 
to satisfactory results in patients. We thought that joint 
orthosis which have the same function with MCP exten
sion orthoses that limited to the radioulnar side may be 
useful for reducing lateral stress. In the revision surgery, 
we found that the fracture line of prosthesis appeared in 
the lateral and dorsal sides, and the lateral side was more, 
maybe the lateral stress would increase the probability of 
implant fracture. Indeed, Implant fractures commonly 
cause hand function loss and reducing this complication 
in particular is important for preserving hand function. We 
aimed to investigate the effectiveness of Swanson's arthro
plasty and the reason for implant fracture.

Methods
With the approval of our agency review committee, we 
reviewed the data of 175 patients who underwent emer
gency Swanson’s joint MCP arthroplasty between 2013 
and 2016. MCP arthroplasty was used to treat MCP joints 
bone defects in patients without loss of blood supply. We 
only included the patients with index or middle finger 
injury. The patient’s genal information, dominant hand, 
injury pattern, and any complications that occurred during 
or after surgery were recorded. The final range of motion 
(ROM), grip index (= grip strength (kg)/weight (kg) ×100) 
and disabilities of the arm, shoulder, and hand (DASH) 
score were measured at 3 months and at the final follow-up 
(> 3 years). Implant fracture as a signal of the end of 
follow-up. Complete loss of function was an indicator of 
an implant fracture, X-ray was used for patients who were 
difficult to judge.

All procedures were performed by senior surgeons, 
and the technique described by Swanson was slightly 
modified.11 All patients underwent extensor tendon 
repair, and 13 underwent flexor tendon repair. Most 
patients had adequate collateral ligament tissue for pri
mary repair. All patients received antibiotic therapy after 
the operation and were placed in both resting (Figure 1) 
and dynamic (Figure 2) orthoses after the postoperative 
dressing was removed, and coordinated movements of 

the wrist and MCP joints were allowed for 4 weeks. 
Then, rehabilitation was started. We transferred the post
operative patients to the rehabilitation department, and 
the rehabilitation department randomly assigned the 
patients to two different doctors that did not know the 
preoperative condition of patient. A rehabilitation doctor 
used a joint orthosis (Figure 3) to limit the radioulnar 
movement of the MCP joint for 8 weeks (Group A) after 
the resting and dynamic orthosis was used; the other 
doctor administered only hand rehabilitation, and full 
unprotected motion was allowed at 12 weeks (Group B).

Data analysis was performed using SPSS 23.0 (SPSS, 
limited). The Kolmogorov–Smirnov test was conducted to 
determine whether the data were normally distributed. The 
normally distributed data are expressed as means and stan
dard deviations. The non normally distributed data are 
expressed as intermediate values and ranges. Significant 
differences between groups were identified through inde
pendent sample T and chi-square tests. The functional and 
DASH scores were analyzed by correlation analysis. Pro/ 
Engineer Wildfire 5.0 software was used to model the fault 
implant and analyze the fracture-prone parts.

Figure 1 Resting orthosis.

Figure 2 Dynamic orthosis.
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Results
A total of 162 patients were followed up, 4 of whom were 
lost to follow-up completely (two cases in each group) and 
9 of whom were followed up by telephone only (all of 
them have normal function but only include postoperative 
data, 6 cases in Group A, 3 cases in Group B). The 
patients were followed up clinically for an average of 65 
±19 months. Three patients had early wound infections 
that were treated with debridement. Thirty-six patients 
developed implant fractures at an average of 68 months 
(range from 100 to 36 months).

The preoperative data are shown in Table 1. The post
operative and follow-up functional results of the two 
groups are shown in Table 2. After excluding the patients 
of implant fracture, 71 cases included in Group A, 91 
cases included in Group B. The follow-up ROM values, 
grip index values and functional scores (DASH scores 
were reduced) were significantly higher than the post
operative values in both groups (P<0.05, P<0.05, P<0.05, 
respectively).

The correlations between the MCP joint ROM and grip 
index with the DASH scores are shown in Figures 4 and 5. 
Postoperatively, the DASH scores were significantly cor
related with the MCP joint ROM and grip index, which 
showed a linear relationship (R2=0.570 and R2=0.684, 
respectively). The typical implant fracture models are 
shown in Figures 6 and 7. The stress model is shown in 
Figure 8.

Discussion
MCP joints are important for function, and damage can 
lead to severe disability. Intra-articular injuries combined 
with bone and cartilage injuries are particularly difficult to 
treat. The treatments for complex, untreatable MCP frac
tures include primary joint arthrodesis,12 replacement13–15 

and vascularized joint metastasis.16 Another option is 
MCP arthroplasty. Swanson’s implant is usually used for 
finger joint replacement. This is a successful treatment for 

Figure 3 Orthosis of limit the radioulnar movement. (A) Elastic plastic material 
displayed in yellow. (B) Rigid material displays in gray and has a pully at MCP.

Table 1 Preoperative Data

Group A Group B P value

Age (year) 42±12 39±11 0.09

BMI (kg/m2) 24.7±3.4 25.3±3.6 0.25

Female: male (case) 10: 69 13: 83 0.86

Dominant hand 48 [60.8%] 56 [58.3%] 0.75

Mechanism of injury
Incised injury 32 43 0.10
Crush injury 25 24

Twist injury 14 20
Explosive injury 8 9

Finger
Index 39 39 0.15

Middle 40 57

Abbreviations: Group A, rehabilitation+ Joint orthosis; Group B, rehabilitation 
only; BMI, body mass index.

Table 2 Postoperative and Follow-Up Function of the Two 
Groups

Item Group A Group B P

Implant fracture (case) 10 26 <0.05

Postoperation DASH scores 48.9±17.1 46.3±173 0.339

Follow-up DASH scores 42.9±25.2 46.8±28.7 0.329

Postoperation MCP joint ROM (°) 37.0±14.7 38.7±15.6 0.470

Follow-up MCP joint ROM (°) 51.7±15.2 53.8±15.1 0.369

Postoperation Grip index 62.1±17.4 59.8±17.1 0.101

Follow-up Grip index 53.4±17.1 56.7±12.8 0.377

Abduction angle (°) 6.6±3.9 1.7±1.4 <0.01

Abbreviations: Group A, rehabilitation + Joint orthosis; Group B, rehabilitation 
only; DASH, disabilities of the arm, shoulder, and hand; MCP, metacarpophalangeal; 
ROM, range of motion.
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Figure 4 Correction between DASH scores and MCP joint ROM at postoperation.

Figure 5 Correction between DASH scores and grip index at postoperation.
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patients with osteoarthritis and rheumatoid arthritis. The 
treatment is successful because Swanson’s joints provide 
a sufficient ROM and have good biocompatibility with the 
MCP joint. In 2012, Chung et al17 followed 67 patients 
with rheumatoid arthritis for at least 3 years. The authors 
found that the patients who underwent silicone metacarpo
phalangeal arthroplasty had good results and continued to 
have better hand outcomes than did comparable nonsurgi
cally treated patients. One patient had an infection, and 2 
patients required revision due to ulnar drift and implant 
fracture. In 2013, Neral et al18 reported the results of 30 
out of 38 patients who underwent a combined replacement 
operation over an average follow-up time of 56 months. In 
that study, straight stems and anatomical implants were 
used. Similar to the authors of previous studies, those 
authors reported that the patients were very satisfied. The 
authors reported significant improvements in ROM, pain, 
and DASH scores, but they also reported an 11% rate of 
implants fracture and a 21% rate of complications requir
ing additional surgery. The average time from initial sur
gery to implant repair was 7.3 years, and Swanson’s joints 
were more likely to last longer.

Previous studies have raised concerns about the dur
ability of Swanson’s arthroplasty. Swanson’s joint replace
ment failure occurs due to the lack of anatomical rotation 
centers, high friction coefficients of the mechanism, metal 
fragments, loosening, cortical penetration, deposition and 
fractures.6,19,20 We thought that the reason for implant 
fracture may be related to direction of finger movement, 
because of two different fracture lines found during the 
revision operation. Although Swanson’s arthroplasty has 
obvious short- and medium-term benefits for both rheu
matoid and nonrheumatoid patients,5,8,17 the long-term 

Figure 7 Typical implant fracture models in group B.Figure 6 Typical implant fracture models in group A.

Figure 8 Stress model; The green line is the fracture position of the implant in 
group B, and the red line is in group A. The darker the color, the more frequent 
fractures.
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results of Swanson’s arthroplasty have yet to be revealed, 
especially in traumatic conditions, and no studies have 
reported these results this in a large study population. 
For the first time, in our study, a joint orthosis was used 
to protect the finger, We think that the implant fracture and 
lateral stress may be related. Theoretically, this can 
increase the durability of the prosthesis because of the 
increased stress area, which is consistent with our results.

Swanson’s arthroplasty can be used for traumatic frac
tures with bone defects. However, there are some conserva
tive arguments, given the high risk of implant fractures and 
infections.9,21 We conducted a statistical analysis of the 
patients with implant fractures and found that Group 
A had worse radioulnar movement than Group B. There 
were no significant differences in the functional score 
between the two groups at postoperation. In addition, 
regarding the revision operation, we found that in the 
patients who wore the orthosis for a long period, the MCP 
joint scars were more obvious on both sides, but there were 
no differences in the extensor tendon scar between the two 
groups. The differences in implant fractures between the 
two groups may have also been due to scar adhesion. In 
a patient conservatively treated with a orthosis over a long 
period, the grip index did not decline significantly but the 
range of radioulnar movement decreased significantly. This 
finding may also be the result of wearing the joint orthosis 
for a long period.

When analyzing the failure implants, we found that in 
Group A, the broken ends were biased toward the hori
zontal type, but for patients in Group B, the broken ends 
were biased toward the oblique type (Figures 6 and 7). 
Both are stress fractures, but oblique fractures are mostly 
composite forces (from the direction of clamping force and 
flexion and extension), and transverse fractures are mostly 
single force (flexion and extension). Not only that, we 
found that Group B has a farther fracture end, while 
Group A have the opposite. This may be because the 
implant in the medullary cavity has greater resistance to 
flexion and extension, but less resistance to holding force.

Silicone implants have been successfully used in acute 
and posttraumatic MCP joint injuries. These semi- 
restrictive implants have elastic silicone dynamic spacers 
to preserve finger alignment and balance and stability of 
the joint capsule, ligament, muscle and tendon system. 
Negle et al22 reported 14 cases of intra-articular bone 
MCP and proximal interphalangeal (PIP) fractures treated 
with silicone arthroplasty. This procedure has been proven 
to be a reliable alternative treatment for intra-articular, 

untreatable MCP fractures to preserve joint ROM. It is 
worth noting that DASH score is significantly linearly 
correlated with ROM and grip index, and we believe that 
ROM and grip index have the most significant impact on 
function (Figures 4 and 5). In our study, we noted the 
preservation of the MCP joint ROM, good pain relief 
and good functional recovery, suggesting that Swanson’s 
arthroplasty may also be worth considering for the treat
ment of these MCP joint defects.

Implant fractures lead to loss of function, which is our 
primary consideration when using orthosis instead of arthro
plasty alone. Langford et al23 showed that the distraction 
pinning technique provides reliable osseous union and joint 
stability of the metacarpal head. This technique is similar to 
our joint orthosis technique. Goldfarb et al24 reported the use 
of silicone implants in patients with rheumatoid arthritis, 
showing a bone fracture rate of 63%. Although pyrolytic 
charcoal and other associated implants are available, they 
still need complete collateral ligaments for joint stability and 
are difficult to use in emergencies. The compatibility of 
silicone implants with tissue is good, but the rate of long- 
term fracture is still high. We think that the Swanson’s joint is 
an attrition implant, and an implant fracture is a kind of stress 
fracture. Orthoses can only delay rather than prevent implant 
fractures. According to our follow-up results, the incidence 
of implant fracture was significantly lower in Group A than 
in Group B over the 3-year follow-up period, but implant 
fractures continued to occur.

In a particular case, the patient continued to wear 
a orthosis for seven years due to postoperative infection. 
There were no obvious signs of dysfunction, but there was 
almost no radioulnar movement. We believe that the rea
son may be that the Swanson’s joints can work continu
ously for a long time when a joint orthosis is used.

In previous studies,5,25 patient function after arthroplasty 
was examined in patients with osteoarthritis. The average 
postoperative MCP ROM was 50 to 70°. However, arthro
plasty can result in an average radian angle of 38 to 49°in 
patients posttraumatic atonal arthritis.26 In our study, the 
patients had an average ROM (53°) at the follow-up, which 
is consistent with the results of previous studies on osteoar
thritis. Although all injuries require extensor tendon repair, 
only a few patients experience ROM problems due to the 
rehabilitation protocol.

One-stage traumatic arthroplasty after an open wound 
is associated with a risk of infection and instability, and 
only 3 cases of these complications occurred in this study; 
the patients performed well after later modifications. The 
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patient’s conditions are important to consider when choos
ing one-stage arthroplasty. In this study, incised injuries 
were often sufficiently debrided during arthroplasty, base 
on our experiences. However, we do not encourage the use 
of such procedures in cases of severe contamination or 
skin viability problems. Adequate tendon repair is critical 
for providing stability. During the operation, the joint 
capsules were pulled back with sutures to make the joint 
capsules embedded in both sides of the implant. As 
a result, postoperative treatments emphasize flexion move
ments, which may limit radioulnar deviations after 
immobilization.

As stated earlier, fractures may occur during surgery due 
to the pressure associated with these implants. There is no 
need to stop the operation when a fracture occurs during the 
operation. Previous reports have shown that fractures during 
arthroplasty do not affect long-term survival.6

In acute traumatic conditions, arthroplasty should be 
considered to restore movement, strength and comfort. We 
recommend using Swanson’s arthroplasty in open wounds 
that do not require extensive debridement and have enough 
soft tissue to cover the implants; moreover, when cutting 
through the smallest bones, it is important to keep the 
ligament inserted and prevent intraoperative fractures. If 
the collateral ligament is repaired or severely damaged, we 
recommend that the artificial joints are replaced in stages. 
We recommend using joint orthosis to limit radioulnar 
movement after operation. This may affect the abduction 
angle, but it will not affect the postoperative function, as 
shown in Figures 4 and 5, Postoperative function mainly 
depends on grip index and MCP joint ROM.

The study has several limitations. This study is 
a retrospective study and can not completely eliminate 
bias. Secondly, in terms of grouping, the quasi-random 
method is used, and the preoperative data is not perfect, 
not all patients were followed up, which could lead to 
artificial bias. Second, the data were retrieved from 
a single center, and there is a lack of multicenter research. 
When assessing the implant fractures, we looked at only 
whether the patient had lost function, not whether there 
was a clear fracture; in addition, we thought there might be 
some hidden fractures that could not be displayed by 
radiography without significant functional changes, but 
that did not change our findings.

Conclusion
The effect of Swanson’s arthroplasty for bone loss at 
MCP joint is useful. The radioulnar stress may be the 

reason for implant fracture. In addition, Joint orthosis 
may be useful to protect implant fractures. Stress models 
show that the broken ends were biased toward the hor
izontal type in patients with joint orthoses and broken 
ends were biased toward the oblique type in patients 
without orthoses.
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