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INTRODUCTION
Historically believed to be “functionless remnants of 

intra-articular leg muscles,”1 the human menisci were 
later found to actually serve an important role in load 

sharing, shock absorption, joint stability and lubrica-
tion, joint nutrition, and overall protection of articu-
lar cartilage.2 Menisci are composed of 70% water, and 
collagen type I makes up 60–70% of its dry weight.3 
Together, the high composition of water is crucial for 
optimal force transmission, and the layers of collagen 
matrix are organized so as to effectively convert load-
ing force into hoop stress.3 With the move from menis-
cus removal to preservation in the 1970s,4 increased 
surgical advancements eventually led to the use of free 
meniscal allograft transplantation (MAT) to restore 
knee biomechanics, alleviate postmeniscectomy symp-
toms, and delay osteoarthritis.5 Various documentations 
exist for the first MAT, with some indicating 1972 as the 
first one performed by Zukor et al.6 and others citing Copyright © 2017 The Authors. Published by Wolters Kluwer Health, 
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Background: Osteochondral defects of the radiocarpal, metacarpophalangeal 
(MCP), and proximal interphalangeal (PIP) joints often necessitate joint arthrod-
esis or mechanical arthroplasty, which has a limited lifespan. In severely arthritic 
wrist and finger joints, we propose a novel adjunct for joint salvage using cadaveric 
meniscus for joint resurfacing as an off-the-shelf alternative to address osteochon-
dral defects and restore normal intraarticular contact stress.
Methods: A total of 14 patients with osteochondral defects in 5 radiocapitate, 5 
MCP, 3 PIP, and 1 carpometacarpal joints received cadaveric meniscus to facilitate 
arthroplasty. Patient demographic, perioperative pain, range of motion, and com-
plications were examined.
Results: Patients aged 17 to 73 years old (average, 54.6 years old) underwent joint 
reconstruction for scaphoid nonunion (n = 1), scaphoid-lunate advanced collapse 
(n = 4), or osteoarthritis of MCP/carpometacarpal (n = 6) or PIP (n = 3) joints. 
Successful arthroplasty with joint space preservation occurred in all joints. Pa-
tients had a significant reduction in average pain scale score (P < 0.01) and im-
proved average range of active motion degrees of flexion (P < 0.01) and degrees 
of extension (P < 0.05). No complications resulted; only a revision tenolysis and 
capsulotomy were required for PIP and MCP arthroplasties. Postoperative films 
reveal preservation of arthroplasty joint space after an average 19.7-month follow-
up (range, 8–54).
Conclusions: We believe that meniscus is a viable joint salvage option or adjunct 
to preserve pain-free motion and avoid total joint arthrodesis. In this series of 14 
patients, we demonstrate the successful use of cadaver meniscus in hand joint ar-
throplasty, such that it advantageously maintains a low metabolic demand, is bioin-
tegratable, and is surgically malleable. (Plast Reconstr Surg Glob Open 2017;5:e1257; 
doi: 10.1097/GOX.0000000000001257; Published online 8 March 2017.)
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1984 as the first MAT.5 However, a protective effect was 
not produced and documented until 1997.7 Since then, 
cadaveric menisci have been utilized to treat various 
forms of meniscus damage or degradation.

In cases of osteoarthritis in the finger and wrist joints, 
treatments most commonly used have been joint arthrod-
esis and joint arthroplasty. Arthrodesis involves fusion of 
the second and third digits in extension and fusion of the 
fourth and fifth digits in 10–20 degrees of flexion. Utilized 
for debilitating pain and deformity, arthrodesis aims to rec-
reate normal cascade of the fingers and results in surgical 
immobilization of a joint by fusion of the adjacent bones. 
After arthrodesis, motion in the joints is no longer pos-
sible. This is in contrast to arthroplasty, in which surgical 
reconstruction or replacement of a joint allows continued 
mobility of the joint. However, these methods predispose 
the patient to a long list of complications,8–11 including 
but not limited to implant failure, infection, and hardware 
complications.9 Complications often lead to additional sur-
gical management. On the other hand, complication rates 
in MAT are low to acceptable4,12,13 with reportedly low reop-
eration and revision rates even in an athletic population.14

MAT is typically indicated when therapy fails to provide 
symptomatic relief or when joint space narrowing occurs, 
with the most common indication for MAT being pa-
tients with symptoms of a meniscus-deficient tibiofemoral 
compartment.3 Upon completion of the procedure, the 
MAT has been shown to yield fair to excellent results in 
almost 85% of patients, with long-term improvements in 
pain and functional outcomes.15,16 However, the MAT has 
traditionally been successfully documented for use in the 
knee joint. After an extensive literature search, we have 
found no documented cases of using meniscus harvested 
from a donor in hand and wrist procedures, except more 

recently by Shapiro et al.17 on the trapeziometacarpal ar-
thritis of the thumb. As such, the purpose of this study is to 
investigate the results of MAT in osteochondral defects of 
severely arthritic finger and wrist joints and subsequently 
demonstrate the novel use of the cadaveric meniscus for 
successful joint resurfacing and arthroplasty.

PATIENTS AND METHODS
Between February 2012 and December 2015, we oper-

ated on 14 patients who qualified for finger or wrist arthro-
plasty using cadaveric meniscus. All patients suffered from 
osteoarthritis, with osteochondral defects in 5 radiocapitate, 
5 metacarpophalangeal (MCP), 3 proximal interphalangeal 
(PIP), and 1 carpometacarpal (CMC) joints. Reasons for 
surgery included scaphoid nonunion (n = 1), scaphoid-lu-
nate advanced collapse (n = 4), or osteoarthritis of MCP and 
CMC (n = 6) or PIP (n = 3) joints. The average age of these 
patients was 54.6 years (range, 17–73 years; 5 males and 9 
females), and the average follow-up period was 19.7 months.

Data Collection
Both preoperative and postoperative x-rays were taken 

of the affected joint area, with postoperative magnetic res-
onance imaging (MRI) obtained for patient 10 to evaluate 
the viability of the cadaveric meniscus graft. Preoperative-
ly, range of motion (ROM) of the affected joint and pain 
score were recorded. ROM preoperatively ranged from 0 
to 5 degrees, with an average of 1.1 degrees. Pain was eval-
uated using a numeric pain rating scale ranging from 0 to 
10, with 0 representing no pain and 10 representing the 
highest degree of pain.18 Preoperative pain scores ranged 
from 7 to 10, with an average score of 9.7. Postoperatively, 

Fig. 1. A, Intraoperative view of a 60-year-old female patient (patient 10) with second metacarpal head 
and proximal phalanx arthritis. B, Intraoperative debridement of metacarpal head and proximal pha-
lanx joint surfaces debrided, with preparation for grafting.
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Fig. 2. (A, B) Preparation of cadaver meniscal graft and (C) insetting of graft with vicryl suture and fibrin glue.

Fig. 3. A, Preoperative x-rays of the right wrist displaying scaphoid nonunion advanced collapsed os-
teoarthritis in patient 9, a 55-year-old male. B, Postoperative x-rays after proximal row carpectomy and 
cadaveric meniscus resurfacing of radiolunate fossa and capitate.
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flexion and extension of the affected joint and pain score 
were again recorded.

Surgical Procedure
Patients underwent standard surgical exposures and 

salvage procedures such as proximal row carpectomies 
specific to their arthritic joint. For interphalangeal (IP) 
joints, a slightly curved dorsal incision is made to expose 
the extensor apparatus of the IP joint. A midline incision 
is made through the extensor mechanism while protecting 
the insertion. Collateral ligaments are preserved while ex-
posing osteochondral defects. Upon closure, the extensor 
mechanism is repaired with either interrupted mattress 
sutures or a running suture with a monofilament absorb-
able suture. Similarly, for the MCP joint, a longitudinal 
incision is made over the MCP joint and the extensor ten-
don is split longitudinally. The dorsal capsule is divided 
to expose the joint. For radiocarpal joints, a longitudinal 
incision is made dorsal in the line of the third metacarpal. 
The extensor retinaculum is incised over the third com-
partment, and the fourth and second compartments are 
exposed over the carpus. If not already performed, the 
posterior interosseous nerve is excised. The capsule is in-

cised transversely at the level of the capitolunate joint. The 
extensor carpi radialis longus muscle tendon is retracted 
radially, and the extensor carpi radialis brevis muscle ten-
don is retracted ulnarly to allow exposure and evaluation 
of the surfaces of the capitate, distal lunate, hamate, and 
distal triquetrum.

Once osteochondral defects were identified at the joint 
surfaces (Fig. 1A), they were debrided back to healthy can-
cellous bone (Fig. 1B). Measurements were then taken of 
the debrided osteochondral defect as a template for the 
cadaver meniscus graft needed to be fashioned (Fig. 2A, 
B). Once the cadaver meniscus was trimmed to exact size, 
they were inset and sutured over the osteochondral defect 
with 4-0 Mersiline sutures (Fig. 2C) and coated with fibrin 
sealant glue. Intraoperatively, joint spaces were evaluated 
and reduced to ensure they were preserved without bone 
contact. The surgical exposures were then closed in layers.

Patients who presented with radiocarpal joint arthri-
tis (Fig. 3A) underwent proximal row carpectomies in the 
standard fashion. However, the above technique was uti-
lized to address the capitate and radiolunate fossa osteo-
chondral defects, before reduction of the capitate into the 
radiolunate fossa (Fig. 3B).

Fig. 4. Patient 10, preoperative x-rays of nontraumatic osteoarthritis of the right index finger.
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At 3 weeks postoperatively, all patients underwent 
hand therapy.

Clinical Case
Patient 10 is a 60-year-old right-hand dominant female 

office worker with a history of severe pain in her right index 
finger for over 1 year. Her pain was worse with any activ-
ity and prevented her from participating in regular hob-
bies such as crocheting and knitting, which required fine 
manual dexterity. This deficit caused her much emotional 
distress. Her previous treatments included multiple steroid 
injections but with no benefit. Her most recent injection 
was at 3 weeks before presentation. The patient’s medical 

and surgical history included a trigger finger release of her 
right index finger at 9 months before presentation and bi-
lateral carpal tunnel releases. She had unremarkable medi-
cation history and was a former smoker with no history of 
alcohol use.

On preoperative physical exam, the incision from her 
trigger finger release was healing well. The patient dis-
played mild erythema at her second MCP joint. Preopera-
tive ROM was 0 degrees at the second MCP joint due to 
pain and swelling, with tenderness to palpation. She dis-
played full ROM in all other digits. Her neuromuscular 
exam was within normal limits. Preoperative level of pain 
was a 10 on the pain scale.

Fig. 5. A–C, Postoperative x-rays of patient 10 revealing preserved joint space at 1 month. D, E, Postoperative MRI films showing meniscal 
transplant intact and in place at volar aspect of second MCP joint 3 months after surgery.
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The patient had a diagnosis of painful MCP joint ar-
thritis in her right index finger, as can be seen in preop-
erative x-rays (Fig. 4). All nonsurgical management failed. 
As a result, she was presented with multiple surgical op-
tions, including arthrodesis, silicone arthroplasty, and 
nonconstrained implants. In addition to strongly desiring 
pain relief, the patient also wished to continue working. 
This rendered the option of arthrodesis unsatisfactory be-
cause the patient needed her index finger to type for her 
job. With arthroplasty, there was also a high risk of implant 
fracture or failure due to the specific demands of her oc-
cupation. As a result, the patient was presented with the 
option of MCP joint reconstruction using MAT.

The patient underwent the above surgical technique 
and was postoperatively placed in a radial gutter splint with 
MCP joint in extension and PIP free for 3 weeks. Her sutures 
were removed at 2 weeks, and she started hand therapy at 
3 weeks with a removable hand splint. Her precautions in-
cluded no heavy lifting or strenuous activity without other 
weight-bearing restrictions. X-rays and MRI revealed preser-
vation of joint space and an intact cadaver meniscus (Fig. 5).

The patient’s pain significantly improved from a pre-
operative 10 to a 0 on the pain scale. She has been utiliz-
ing her hand for most daily tasks, including some lifting. 
Her active ROM for the right index MCP joint was 13–
70 degrees. Her hand grip strength, as measured by a dy-
namometer, was 45 pounds, as opposed to 62 pounds in 
her contralateral hand. Three-point pinch was 14 (16 con-
tralateral) and lateral pinch was 14.5 (16 contralateral).

Statistical Analyses
Wilcoxon signed rank test was used to determine sta-

tistical differences between the paired pre- and postopera-
tive measurements. P values were two-tailed, and values 
equal to or less than 0.05 were defined as statistically sig-
nificant.

RESULTS
Results for all 14 patients are listed in Table 1. The 

mean follow-up period showing postoperative preserva-
tion of arthroplasty joint space on radiographs was 19.7 
months, ranging from 8 to 54 months. All patients re-
ceived hand therapy at 3 weeks postoperatively. Of the 
14 patients who underwent this technique, all achieved 
successful joint arthroplasty with joint space preservation. 
Postoperative flexion of the affected joint was available 
in 12 of 14 patients. In those 12 patients, average post-
operative flexion improved to 15 degrees for wrist joints, 
46 degrees for MCP joints, and 50 degrees for PIP joints 
(P < 0.01). Postoperative extension of the affected joint 
was available in 6 of 14 patients, average of which was 30 
degrees—also a significant improvement from preopera-
tive ROM (P < 0.05). There was a significant reduction in 
average pain scale score from 9.7 to 1.7 (P < 0.01). Aside 
from postoperative swelling in 1 patient, no complications 
occurred. Of 14 patients, only 2 (14%) required tenolysis 
and capsulotomy for postoperative revisions of PIP and 
MCP arthroplasties (Fig. 6). Postoperative radiographic 
imaging revealed not only preserved joint spaces on x-ray 

hand films (Fig. 5A–C) but also that meniscal transplant 
remained intact and in place on MRI at 3 months postop-
eratively (Fig. 5D, E).

DISCUSSION
The loss of meniscal tissue is associated with early-on-

set knee osteoarthritis19–21 and often also causes immense 
pain, loss of function, and articular cartilage degenera-
tion.13 For MAT on the knee, current studies consistently 
reveal favorable clinical and functional results in young 
and active meniscectomized patients.22 These improve-
ments in symptoms, function, and quality of life were also 
shown at longer follow-up periods of 7–14 years.22 Further-
more, according to Samitier et al.,22 although MAT does 
not necessarily prevent degeneration in previously healthy 
cartilage, it may prevent the progression of cartilage dam-
aged at long-term follow-up. Because of the successful 
use of MAT on the knee, this study aimed to demonstrate 
MAT as a valuable alternative to treating osteochondral 
defects of the radiocarpal, MCP, and PIP joints. The cadav-
eric meniscus not only provides resurfacing of the affected 
bone but also serves to maintain the articular space. No 
additional interventions are taken to maintain the articu-
lar space. Biointegration of the cadaver meniscus occurs 
via contact from debrided bone at either or both bone 
surfaces of a joint. Joint collapse in this case may actually 
be beneficial as a bolster to maintain the graft in place.

Fig. 6. Intraoperative view of tenolysis and capsulotomy 19 months 
after second MCP joint resurfacing, revealing intact joint surfaces.
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Our results showed significant improvements from 
preoperative to postoperative outcomes in both ROM 
and pain scale score (Table 1, Fig. 7). Postoperative 
films reveal preserved joint space (Figs. 5A–C and 3B), 
with the meniscal transplant intact and preserved in 
place at 3 months postoperatively (Fig. 5D–E). There-
fore, we believe that the novel use of this procedure can 
preserve pain-free motion and avoid total joint arthrod-
esis. It also obviates the need for revision and reduces 
problems of foreign body and mechanical failure of 
joint implants.

The alternative choices are fraught with complications 
avoidable through the use of MAT. Arthrodesis is more fre-
quently used at the distal IP and thumb MCP joints and car-
ries the complications of nonunion, malunion, dorsal skin 
necrosis, and prominent hardware. Because it is hinged, 
silicone arthroplasty is the standard for deformed joints. 
However, removing the requirement of soft-tissue restraints 
is plagued with a fracture rate of 42% at 10 years and 66% at 
17 years, with a revision rate of 17% and 37%, respectively. 
Nonconstrained implants require adequate bone stock and 
sufficient soft tissues for stability and has an overall revision 
rate of 12% and 16-year survivorship of 70%.23–25

Because this is a case series, it is statistically under-
powered and limited by a small cohort size. However, our 
results provide evidence that a robust, large-scale prospec-
tive study is worthwhile and that a comparison between 
the cadaveric meniscus procedure and other procedures 
such as joint arthrodesis and mechanical arthroplasty 
can be undertaken to further elucidate these treatment 
options. Although our average follow-up time of 19.7 
months allows us to observe substantial outcomes, lon-
ger follow-up time is required to verify lasting outcomes. 
Additional animal studies are being conducted that may 
elucidate the mechanism of cell recruitment and biointe-
gration of cadaveric meniscus.

David A. Kulber, MD
Cedars-Sinai Medical Center

8635 West Third Street Suite 990W
Los Angeles, CA 90048

E-mail: kulberd@cshs.org
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