Number of Ruptured Tendons and Surgical Delay as
Prognostic Factors for the Surgical Repair of Extensor
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ABSTRACT. Objective. Extensor tendon ruptures in the rheumatoid wrist are usually restored by extensor tendon

reconstruction surgery. However, the factors significantly correlated with the outcomes of extensor
tendon reconstruction have not been defined. We examined factors showing a statistically signifi-
cant correlation with postoperative active motion after tendon reconstruction.

Methods. Spontaneous extensor tendon ruptures of 66 wrists in patients (mean age, 52.6 yrs) with
rheumatoid arthritis (RA) were evaluated. All patients underwent tendon reconstruction surgery
with wrist arthroplasty or arthrodesis. Active ranges of motion of the affected fingers were evaluated
at 12 weeks postsurgery. Statistical significance was determined using multiple and single regres-
sion analyses.

Results. Forty-six (69.6%) wrists had “good” results, while 13 (19.7%) and 7 (10.6%) wrists had
“fair” and “poor” results, respectively. In multiple regression analysis, an increased number of
ruptured tendons and the age at operation were independent variables significantly correlated with
the postoperative active motion of reconstructed tendons (p = 0.009). Single regression analysis also
showed a significant association between the number of ruptured tendons and surgical delay
(p=0.02).

Conclusion. The number of ruptured extensor tendons was significantly correlated with the results
of tendon reconstruction, and the number of ruptured tendons was significantly correlated with
preoperative surgical delay. Our results indicate that, in patients presenting with possible finger
extensor tendon rupture, rheumatologists should consult with hand surgeons promptly to preserve

hand function. (J Rheumatol First Release Jan 15 2014; doi:10.3899/jrheum.130861)
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Extensor tendon rupture at the wrist is often seen in patients
with rheumatoid arthritis (RA). Various conditions may
lead to extensor tendon rupture, including attrition of the
tendon with eroded, roughened, or dislocated bone; direct
invasion of inflamed tenosynovium into the extensor
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tendons; and ischemic necrosis of the tendon resulting from
diminished blood supply caused by high pressure associated
with proliferative synovium under the extensor
retinaculum!2. Because extensor tendon rupture results in
significant functional loss in the affected hand, many
patients with extensor tendon rupture undergo surgical
tendon reconstruction combined with treatments for the
distal radioulnar joint3#9,

Several reports have investigated the risk factors for
finger extensor tendon rupture in the rheumatoid wrist. The
risk factors for this condition include dorsal subluxation of
the ulnar head, supination of the carpal bones, scallop sign
of the distal radius, tenosynovitis persisting for more than 6
months, and dislocation of the extensor carpi ulnaris
tendon’82:10:11 " Several surgical procedures for tendon
reconstruction have been reported and used, including
end-to-side suture to adjust the extensor tendons, tendon
transfer procedures [using extensor indicis proprius (EIP)
tendons!2, wrist extensors!3, and flexor digitorum sublimis
(FDS) tendons!4], and palmaris longus (PL) tendon'’
grafting for multiple tendon ruptures. The clinical outcomes
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for the surgical repair of single- or 2-tendon ruptures are
generally good; however, the results for ruptures involving
3 or more tendons are less satisfactory?!6. Tt is widely
accepted that surgical treatment for extensor tendon ruptures
in the rheumatoid wrist should be performed before the
rupture progresses to 3 or more tendons to yield a favorable
postoperative result; however, to the best of our knowledge,
no statistical analyses have been performed to confirm this
theory. Moreover, the factors significantly correlated with
the results of extensor tendon reconstruction in the
rheumatoid hand remain unclear.

In our study, we evaluated the correlation between these
suspected factors, and used the postoperative active range of
motion of the metacarpophalangeal (MCP) joint of the
affected fingers as a guide to determine which clinical
factors are more likely to lead to better outcomes of the
surgical treatment of the extensor tendon ruptures in the
rheumatoid wrist.

MATERIALS AND METHODS

Patients. We retrospectively reviewed the clinical characteristics of 66
hands (62 patients with RA: 56 women and 6 men) that underwent surgical
procedures for extensor tendon reconstruction combined with treatment of
the distal radioulnar joint for extensor tendon rupture. The mean age of the
patients at the time of surgery was 52.6 years (range: 25-83), with a mean
disease duration of 12.0 years (range: 2.7-38.5). The mean Larsen grading
of the affected wrist was 3.8 (range: 2-5) and that of the affected MCP joint
was 1.5 (range: 0.5-3.5). The mean number of ruptured extensor tendons
was 2.9 (range: 1-6). The right side was affected in 74.2% of the patients,
and their mean surgical delay (duration between the onset of tendon
ruptures and the surgical treatments) was 23.7 weeks (range: 3-180).
Written consent was obtained from all patients according to the Declaration
of Helsinki, and the study was approved by the internal review board of our
institute.

Surgical procedures and postoperative treatment. Overall, end-to-side
suture was performed in 34 cases, tendon transfer in 26 cases, tendon
grafting in 2 cases, and a combination of these techniques in 4 cases.
Twenty-eight cases involved either 1 or 2 extensor tendon ruptures. Among
these, 21 were treated with end-to-side suture surgical techniques (the distal
stump of the ruptured tendon was sutured to the adjacent intact extensor
tendon by interlacing suture)®. In 7 cases, EIP tendons were transferred to
the ruptured tendons using an interlacing suture technique!2. Thirty-eight
patients had 3 or more tendon ruptures. Among these, 14 cases were treated
with end-to-side suture techniques, 18 cases with EIP transfer!2, 1 case with
extensor carpi radialis longus tendon transfer'?, 3 cases with tendon
transfer using the FDS tendon of the ring finger!*, and 2 cases with free
tendon grafting using autogenous PL!>. The affected wrist joints were
treated using the Sauvé-Kapandji procedure in 59 cases®, Darrach
procedure in 2 cases®, and arthrodesis in 6 cases®. All the wrist joints were
immobilized in slightly dorsiflexed position using volar splinting for 3
weeks. The affected fingers underwent early motion treatment as follows:
in patients undergoing end-to-side suture reconstruction of the extensor
tendon, we performed 6 weeks of tension-reduced early mobilization as
described by Ishiguro, et al®>!7. In patients showing extensor tendon
rupture of the little finger (suture of the distal stamp of the extensor of the
little finger to the extensor of the ring finger transfer), the affected little
finger was buddy-taped dorsally to the unaffected ring finger to reduce the
tension at the site of tendon suture and allow active finger motion with
significantly reduced risk of rerupture. In cases with extensor tendon
rupture of the ring and little fingers (extensor of ring/little finger to extensor
of middle finger transfer), the little finger was first buddy-taped dorsally to

the ring finger. Next, the buddy-taped ring/little fingers were again
buddy-taped dorsally to the unaffected middle finger for the purpose
described above. Patients were encouraged to move their fingers actively
soon after the operation under the buddy taping conditions. In cases in
which the tendon was reconstructed by either tendon transfer or tendon
grafting, dynamic splinting was applied on the day after the operation.
Outpatient-based postoperative rehabilitation was performed by hand
therapists specializing in RA hands, starting from a mean of 20.9 days
(range: 10-49) after the surgery, and the mean frequency of visits to hand
therapists was 0.9 (range: 0.3—1.6) per week.

Evaluation of tendon reconstruction surgery. The results of tendon recon-
struction surgery were evaluated at 12 weeks postsurgery. Postoperative
active range of motion of the affected MCP joints was evaluated using our
system, which assesses the motion of the MCP joint in a simplification of
the Geldmacher criteria for outcome assessment!®. The results of tendon
reconstruction were evaluated by a combination of mean active flexion arc
and mean active extension lag of the MCP joint of the affected fingers
(Figure 1). “Good” cases had an active flexion arc = 45° and an extension
lag < 20°. “Fair” cases had an active flexion arc = 45° and an extension lag
of 20° to 40°, or an active flexion arc < 45° and an extension lag < 20°.
“Poor” cases had an active flexion arc < 45° and an extension lag of 20° to
40°, or an extension lag > 40°. Differences in the preoperative and post-
operative active range of motion of the affected MCP joint were evaluated
independently in available cases.

Statistical analysis. Multiple regression analysis was performed to clarify
factors correlated with the results of tendon reconstruction surgery. The
results of surgery using our system were assigned scores of 1 to 3 (good =
1, fair = 2, poor = 3) considered as ordinal variables, and preoperative and
postoperative range of motion of the affected MCP joints were considered
as continuous variables. The dependent variables considered to be
potential correlates of surgical outcomes in regression models included age
at operation, number of ruptured extensor tendons, Larsen grading of the
wrist joint and the MCP joint of the affected fingers, surgical delay, surgical
procedures used to reconstruct extensor tendons (the adjacent suture
technique described above, and the others), the surgical procedure applied
to the radiocarpal joint, the interval between surgery and the beginning of
postoperative rehabilitation, and the frequency of ambulatory visits for
rehabilitation. The correlation between surgical delay and the number of
ruptured extensor tendons was also analyzed using simple linear regression
analysis. All statistical analyses were performed using R 2.14.1 (CRAN:
the Comprehensive R Archive Network at http://cran.r-project.org/), with a
confidence level of 95% (p < 0.05).

RESULTS
Forty-six cases (69.7%) had good results, 13 (19.7%) had

fair results, and 7 (10.6%) had poor results in our system.

Flexion 4

45°

0° 20° 40 ° Extension lag

Figure 1. Evaluation system for the results of extensor tendon recon-
struction. The results of tendon reconstruction were evaluated using a
combination of mean flexion arc and mean extension lag of metacarpopha-
langeal joints of the affected fingers.
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Although not statistically significant, a greater surgical
delay tended to result in poorer postoperative results (p =
0.19, regression coefficient: 0.004; Table 1). Partial or total
arthrodesis of the radiocarpal joint was performed in 6.5%
of the good cases, 0% of the fair cases, and 28.6% of the
poor cases.

Multiple regression analysis showed that age at the time
of surgery and number of ruptured tendons were signifi-
cantly correlated with the outcomes of tendon recon-

Table 1. Clinical variables and results of tendon reconstruction.

struction surgery (age, p = 0.016; number of ruptured
tendons, p = 0.009; Table 1). Figure 2 shows the correlation
between the number of ruptured tendons and the results of
tendon reconstruction, and the mean surgical delay. A
simple linear regression analysis showed a significant corre-
lation between the number of ruptured tendons and the mean
surgical delay (p = 0.02, regression coefficient: 0.01).
None of the potential correlates of surgical outcomes had
any significant correlation with the preoperative and post-

Variables Result of Tendon Reconstruction p (regression
Good, n =46 Fair,n =13 Poor,n =7 coefficient)
Age at surgery, yrs (range) 51.9 (25-80) 53.3 (28-83) 59.3 (37-75) 0.015 (0.016)
Disease duration, yrs (range) 12.1 (2.7-30.2) 14.5 (4.2-38.5) 8.2 (4.3-12) 041 (0.011)
Larsen grading of the affected wrist joint 3.8 (2-5) 4.0 (3-5) 3.6 (34) 0.56 (0.082)
Larsen grading of the affected MCP joint 1.3 (0.5-3.5) 14 (1-3) 1.4 (0.5-3) 0.70 (-0.059)
Surgical delay, weeks (range) 18.6 (2.7-129.7) 40.6 (6.6-180.1) 29.5 (4-119) 0.19 (-0.036)
Number of ruptured tendon (range) 2.6 (1-4) 3.3 (2-6) 4.0 (2-6) 0.0088 (-0.23)
Surgical procedure for the wrist, n 0.38 (0.24)
Sauvé-Kapandji procedure 42 12 5
Darrach procedure 1 1 0
Partial fusion 2 0 2
Total fusion 1 0 0
Methods for tendon reconstruction, n 0.72 (0.063)
End-to-side suture 23 9 2
Tendon transfer 18 3 5
Tendon graft 1 1 0
Combined 4 0 0
Duration between surgery and rehabilitation, days (range) 20.7 (10-49) 22.4 (10-37) 18.6 (10-37) 0.95 (0.0071)
Frequency of postoperative rehabilitation, per week (range) 0.9 (0.3-1.6) 0.8 (0.3-1.6) 1.0 (0.6-1.5) 0.86 (0.046)

MCP: metacarpophalangeal.

100%

50%

0%
The number of 1 2 3
ruptured tendons

Surgical delay 394 17.1 14.7
(week)

390 17.0 64.6

Figure 2. Correlation between the number of ruptured tendons and the result of tendon reconstruction, and the

surgical delay.
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operative range of motion of the affected MCP joints or the
extension lag of the MCP joint of the affected fingers.

DISCUSSION

In our study, we showed that an increased number of
ruptured extensor tendons was significantly correlated with
poor results of extensor tendon reconstruction. To the best
of our knowledge, few reports have comprehensively
analyzed perioperative and postoperative factors affecting
the results of extensor tendon reconstruction. Moore, et al
showed that the surgical results in multiple tendon ruptures
were generally poor, whereas single- or 2-tendon ruptures
were successfully restored with surgical treatment?.
Although they did not perform a statistical analysis, their
findings supported our results. Shannon and Barton
reported that the factors that may decrease postoperative
satisfaction of patients with RA who undergo extensor
tendon reconstruction include perioperative systemic steroid
therapy, postoperative wound complications, MCP joint
dislocation, intrinsic muscle contracture, and rupture of FDS
tendons!®. However, they did not show a detailed corre-
lation between postoperative patient satisfaction and post-
operative motion of the affected fingers.

In our study, the number of ruptured extensor tendons
was significantly correlated with a greater surgical delay.
Although it is widely accepted that extensor tendon ruptures
in the rheumatoid wrist begin with single- or 2-tendon
rupture and progress to 3 or more tendon ruptures in a
time-dependent manner in the absence of timely
treatment?1®, our findings may provide the first statistical
support for this theory.

The reason for the correlation between an increased
number of tendon ruptures and poor patient outcomes is
unclear. However, in our study, an increased number of
ruptured tendons was significantly correlated with a greater
surgical delay. It is reasonable to assume that a longer
surgical delay should result in a more severe contracture of
the affected extensor muscles and a more severe flexion
contracture of the affected MCP joints, which could result in
a poorer surgical outcome. Another reason could be that
cases of multiple tendon rupture require more complex
surgical procedures and postoperative rehabilitation than
cases showing few tendon ruptures, which could result in
poorer surgical outcomes.

In our study, younger age at surgery was also signifi-
cantly correlated with better surgical outcomes. This is
reasonable because younger patients normally have greater
muscle power, and may have a higher motivation for
postoperative rehabilitation compared with elderly patients.

Our results statistically confirmed the importance of
early surgical treatment of tendon ruptures of the
rheumatoid wrist, particularly before the rupture of 3 or
more extensor tendons, to increase the likelihood of good
surgical outcomes!?.

Our results should be of value for rheumatologists who
often encounter extensor tendon ruptures and can refer the
patients to hand surgeons for further consultation.
Alderman, et al reported that rheumatologists tend to under-
estimate the need and the effect of surgical treatments for
rheumatoid hands?’. However, our findings suggest that to
ensure favorable postoperative results, rheumatologists
should understand the effectiveness and importance of early
surgical intervention in the treatment of rheumatoid wrists.
In patients with RA who show difficulty in extending their
fingers, it may be important for rheumatologists to consider
the possibility of extensor tendon rupture and to consult
with hand surgeons without delay!2.

Our study had several limitations. First, we were unable
to evaluate the level of disease activity or the function and
conditions of other joints, grip strength, and outcome
measurement with the questionnaire distributed to our
patients. Second, our evaluation was performed 12 weeks
after surgical treatment for extensor tendon rupture, and
may not necessarily be indicative of longterm results.
Further prospective studies with a greater number of partici-
pants and a longer post-operative followup period are
needed to evaluate the factors influencing the longterm
outcomes of extensor tendon reconstruction in patients with
RA.

The number of ruptured extensor tendons was signifi-
cantly correlated with the results of tendon reconstruction,
and the number of ruptured tendons showed a significant
correlation with preoperative surgical delay. Our results
indicate that if a rheumatologist encounters a patient with a
possible finger extensor tendon rupture, it may be important
to consult with hand surgeons promptly to preserve hand
function.
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