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Introduction

Lesser toe metatarsophalangeal (MTP) joint pathology 
presents a surgical challenge when conservative therapy has 
failed. Freiberg’s infraction, or avascular necrosis (AVN) of 
the metatarsal (MT) head, is one such pathology that typi-
cally affects the second MT and is characterized by degen-
eration and eventual arthritis.5 Traditional operative 
treatment of Freiberg’s infraction has focused primarily on 
joint preservation procedures. The dorsal closing wedge 
procedure was first described in 1979 by Gauthier and 
Elbaz and includes a dorsal closing wedge osteotomy 
through the involved MT head, allowing intact plantar car-
tilage to articulate with the proximal phalanx.8 Despite 
good long-term results for operative treatment of most 
stages of Freiberg’s disease, late-stage disease and failed 

primary procedures present a challenge.5,7,8,12,14 Salvage 
options for failed osteotomies and advanced second MT 
head arthritis include resection arthroplasty, joint debride-
ment, osteotomy, and osteochondral transplant.4

More recently, synthetic cartilage implants have been 
demonstrated in clinical trial to be safe and efficacious in 
treating advanced stage hallux rigidus, offering pain relief 
while preserving motion at the MTP joint.2 In addition to its 
indication for use in the first MTP, our institution has utilized 
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Abstract
Background: Lesser toe metatarsophalangeal (MTP) joint pathology presents a challenge for surgical treatment. At our 
institution, arthroplasty using a polyvinyl alcohol (PVA) hydrogel implant has been utilized in the second and third MTP 
joints for advanced arthritis, failed management of Freiberg’s infraction, and osteochondral defects. We present a case 
series describing the clinical outcomes of 13 patients following PVA implantation of the second or third MTP.
Methods: We retrospectively identified 13 patients (14 joints) who underwent PVA hydrogel implantation of the second 
(n = 12) or third (n = 2) metatarsal between 2017 and 2019. The average age was 49 (range, 20-67) years, with 100% 
females. Patient-Reported Outcomes Measurement Information System (PROMIS) scores were collected preoperatively 
and at an average of 21.1 (range, 8.3-29.2) months postoperatively. Clinical outcomes were also evaluated. The average 
time to clinical follow-up was 24.7 (range, 7-35.8) months.
Results: On average, patients demonstrated pre- to postoperative improvement in all PROMIS domains, with significant 
improvements in Pain Intensity (P = .01) and Pain Interference (P = .01). Five postoperative complications were observed: 
1 case of persistent avascular necrosis, 1 revision with implant removal and bone grafting, 1 periprosthetic fracture, and 2 
recurrences of pain requiring ultrasound-guided injection.
Conclusion: This study represents the largest case series to date evaluating the use of PVA implant in the surgical 
correction of lesser toe MTP joint pathology. While the PVA implant presents a viable option in the setting of advanced 
arthritis, Freiberg’s infraction, and certain osteochondral defects, it is not without complications. The specific indications 
for use of the PVA implant should be carefully considered.
Level of Evidence: Level IV, case series.
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the polyvinyl alcohol (PVA) hydrogel implant (Cartiva; 
Wright Medical, Memphis, TN) for the operative manage-
ment of certain lesser toe MTP pathologies in the second and 
third MT heads. At the present time, the PVA implant is only 
approved by the Food and Drug Administration (FDA) for 
use in the first MT, and the implant is available only in 8-mm 
and 10-mm sizes in the United States. However, a previous 
cadaveric study from our institution demonstrated that the 
8-mm implant can fit in approximately 80% of all second 
MTs and 60% of all third MTs, suggesting potential applica-
tions in the surgical treatment of lesser toe pathologies.6

We present a case series of 13 patients who underwent 
PVA implant of the second or third MT head and report their 
patient-reported outcomes as well as postoperative compli-
cations and reoperations.

Methods

Patient Cohort

Thirteen patients who underwent PVA hydrogel implantation 
of the second or third MT head between 2017 and 2019 at our 
institution were retrospectively identified. All procedures 
were performed by 1 of 5 foot and ankle fellowship-trained 
orthopedic surgeons. The study protocol was approved by the 
registry’s research steering committee. Indications for PVA 
implant of the lesser MTs included failed conservative or 
operative treatment of Freiberg’s infraction (n = 5), advanced 
MTP arthritis (n = 6), or osteochondral lesion (OCL) of the 
MT head (n = 2). Contraindications included active infec-
tion, uncontrolled diabetes mellitus, and insufficient cortical 
bone to contain the implant.

All patients in our study cohort were females, with an 
average age of 49 (range, 20-67) years and average BMI of 
24.6 (range, 18.6-31.3) kg/m2. Retrospective chart review 
was performed to determine concurrent procedures per-
formed at the time of index surgery, as well as postoperative 
complications and reoperations. The average clinical fol-
low-up time was 24.7 (range, 7-35.8) months.

Patient-Reported Outcomes Evaluation

Patient-reported functional outcomes were collected preop-
eratively and postoperatively using the Patient-Reported 
Outcomes Measurement Information System (PROMIS), 
which has been validated in foot and ankle surgeries.1,10,11 
PROMIS is a computer adaptive test (CAT) used to assess 
functional outcomes in multiple domains. The following 
PROMIS domains were evaluated: Physical Function, Pain 
Interference, Pain Intensity, Global Physical Health, Global 
Mental Health, and Depression. Scores have a standardized 
mean of 50, the reference population average, with a stan-
dard deviation (t score) of 10. Higher scores indicate greater 
physical function, severity of pain, global health, and 

depression. All 13 patients completed preoperative 
PROMIS, and 9 patients completed postoperative PROMIS 
with an average time to survey follow-up of 21.1 (range, 
8.3-29.2) months.

Operative Technique and Postoperative 
Management

A dorsal incision over the MTP joint was performed. The 
extensor tendons were identified and retracted out of the 
way while the joint was debrided, along with any loose bod-
ies, synovitis, and osteophytes. The joint was then prepared 
for reaming, and a guide wire was placed in the center of the 
MT head into the shaft. The appropriate sizer was placed 
perpendicular and flush on the MT head. The MT head was 
then reamed flush to the articular surface and the guide wire 
was removed. An 8-mm PVA implant was then inserted 
with the delivery tube. A tamp was used to control for 
depth to ensure only 2 mm of the implant was protruding 
(Figure 1). The joint was then manipulated to ensure ade-
quate range of motion.

Postoperatively, patients remained nonweightbearing in 
a splint for the first 2 weeks, followed by progressive 
weightbearing as tolerated in a postoperative shoe. Patients 
progressed into normal shoe wear as swelling allowed.

Statistical Analysis

Wilcoxon signed-rank tests were used to compare preopera-
tive and postoperative PROMIS outcomes. Statistical sig-
nificance was evaluated at an alpha level of 0.05.

Figure 1. An 8-mm polyvinyl alcohol hydrogel implant is 
placed within the third metatarsal head in a patient with  
third metatarsophalangeal arthritis. Careful attention is  
given to ensure that only 2 mm of the implant is left 
protruding.
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Results

Clinical Outcomes

Indications for PVA implantation and past surgical history 
varied across patients in the cohort (Table 1). Of the 5 patients 
who presented with Freiberg’s infraction, PVA implantation 
was indicated in 1 patient after failed operative management 
with second MT debridement and closing wedge osteotomy 
performed 11 months prior, and in 4 patients after failed con-
servative management. Of the 6 patients who presented with 
advanced arthritis, 4 patients had previous procedures of the 
second and/or third MT, including second MT Weil osteot-
omy, second and third hammertoe corrections, and second 
MT shortening with rotational osteotomy. Of the 2 patients 

who presented with an OCL of the second MT, 1 patient had 
previous subchondral drilling with Weil osteotomy.

Five patients experienced a postoperative complication. 
One patient developed recurrent AVN following PVA 
implantation for Freiberg’s disease but remained asymp-
tomatic. One patient developed a symptomatic peripros-
thetic fracture and was indicated for a future revision. One 
patient developed persistent postoperative pain that required 
a revision surgery with implant removal and bone grafting 
of the second MT head. Two patients developed persistent 
pain requiring ultrasound-guided cortisone injections to the 
second MT. Two additional patients reported persistent pain 
at a minimum of 6 months postoperatively but were not 
indicated for additional treatment.

Table 1. Patient Demographics, Prior Procedures, Surgical Procedures Performed, and Postoperative Events.

Patient Sex Diagnosis Previous procedures Concurrent procedures Postoperative events

1 F Freiberg 2nd MT debridement, closing 
wedge osteotomy (11 
months prior)

2nd MT cheilectomy
2nd MT PVA implant
Longus-to-brevis tendon transfer

 

2 F 2nd MTP arthritis, 
2nd hammertoe

2nd MT PVA implant
2nd PIP arthroplasty

 

3 F 2nd MTP arthritis 2nd MT PVA implant Persistent pain requiring 
ultrasound-guided injection 
(7 months postoperatively)

4 F Freiberg 2nd MT PVA implant Persistent pain
5 F Hallux valgus, 2nd 

MTP arthritis, 
lesser toe 
contractures

1st MT osteotomy, Akin, 
2nd Morton’s neuroma 
resection, 2nd/3rd hammer 
toe correction (1 year prior)

HWR
2nd MT PVA implant
3rd MT PVA implant
2nd, 3rd, 5th MTP release

 

6 F 2nd MT OCL Subchondral drilling, 2nd MT 
Weil osteotomy (2 years 
prior)

HWR
2nd MTP release
2nd MT PVA implant

Periprosthetic fracture  
(4 months postoperatively), 
revision recommended

7 F Freiberg 2nd MT PVA implant  
8 F Hallux rigidus, 

Freiberg
1st MT PVA implant
2nd MT PVA implant

Postoperative imaging  
(2 years postoperatively) 
shows recurrent AVN 
but patient remains 
asymptomatic

9 F 2nd MTP arthritis Hallux valgus diaphyseal 
osteotomy, 2nd MT Weil 
osteotomy (1 year prior)

HWR
Lapidus
2nd MT PVA implant

 

10 F 2nd MTP arthritis 2nd MT Weil osteotomy (2 
years prior)

HWR
2nd PIP arthroplasty
2nd MT PVA implant

Persistent pain

11 F 2nd MT OCL 2nd MT PVA implant Revision with implant 
removal and bone grafting 
of 2nd MT head (1 year 
postoperatively)

12 F Freiberg 2nd MT PVA implant Persistent pain requiring 
ultrasound-guided injection 
(7 months postoperatively)

13 F 3rd MTP arthritis 3rd MT shortening, rotational 
osteotomy (3.5 years prior)

HWR
3rd MT PVA implant

 

Abbreviations: AVN, avascular necrosis; HWR, hardware removal; MT, metatarsal; MTP, metatarsophalangeal joint; OCL, osteochondral lesion;  
PIP, proximal interphalangeal; PVA, polyvinyl alcohol.
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Of the 5 patients who presented with Freiberg’s infrac-
tion treated with PVA implant, 1 patient developed AVN 
following surgery (Figure 2). She remained asymptomatic 
at 2 years postoperatively and did not require any additional 
procedures. She requested the procedure for her fourth toe 
on the contralateral side. Two patients with Freiberg’s 
infraction reported persistent pain postoperatively, one 
requiring ultrasound-guided injection, and the remaining 2 
patients had no reported postoperative events.

Of the 6 patients who presented with second or third 
MTP arthritis treated with PVA implant, 2 patients reported 
persistent postoperative pain. One such patient required 
ultrasound-guided injection at 7 months postoperatively, 
with complete resolution of pain at 1 year postoperatively.

Of the 2 patients who presented with second MT OCL 
treated with a PVA implant, both patients experienced a 
postoperative complication. The first patient initially pre-
sented to our institution with a 4-mm second MT OCL with 
arthritis and contracture of the second MTP joint 2 years 
status post-microfracture of the second MT head and Weil 
osteotomy performed at an outside institution. This patient 
underwent hardware removal, second MTP joint release, 
and PVA implantation. While pain initially improved, she 
had recurrence of pain at 4 months postoperatively, with 
both magnetic resonance imaging (MRI) and computed 
tomography (CT) scans demonstrating a periprosthetic 

fracture around the base of the PVA implant (Figure 3). A 
revision was planned. The second patient initially presented 
with a 6-mm second MT OCL. She had failed nonoperative 
management and was treated with second MT PVA implan-
tation. The patient had persistent pain with an MRI demon-
strating substantial bone marrow edema in the second MT, 
and she subsequently underwent cortisone injection, 2 
rounds of shockwave therapy, and ultimately a revision sur-
gery at 1 year postoperatively requiring implant removal, 
interpositional arthroplasty, and bone grafting of the second 
MT. At the time of revision, it was noted that the implant 
was loose and mobile within the MT head. The patient 
recovered and has not had any postoperative complications 
in the first 2 months postoperatively.

Patient-Reported Outcomes

On average, there was significant improvement in PROMIS 
Pain Intensity and Pain Interference scores at an average of 
21 months of follow-up. Average Pain Intensity improved by 
11.5 points (P = .01) and average Pain Interference improved 
by 8.2 points (P = .01). Improvement was reported for all 
other PROMIS domains following surgery, but these did not 
reach statistical significance (Table 2).

Discussion

This is the largest case series to date evaluating clinical out-
comes following PVA hydrogel implant in the lesser toes. 
All 13 patients in our study underwent off-label PVA 
implantation in the second or third MT head for lesser toe 
pathologies, including Freiberg’s infraction, severe arthri-
tis, and osteochondral defect of the MT head. Other surgical 
options for the treatment of these conditions have been 
described in the literature and include core decompression, 
open joint debridement, arthroscopic joint debridement, 
perichondral grafting, MT osteotomies, and excisional or 
interpositional arthroplasty.4 However, to date there has 
been no consensus as to which operative treatment offers 
the best clinical outcomes. While long-term follow-up stud-
ies have recently begun to demonstrate the efficacy of dor-
sal wedge closing osteotomies for the treatment of Freiberg’s 
disease, the best approach for failed operative management 
of the disease remains in question.14 Five out of 13 patients 
in our cohort failed not only conservative management but 
also previous operative management for Freiberg’s. 
Therefore, it is important to note that a common use of PVA 
implant in our study cohort was in the setting of a previ-
ously failed operative treatment.

Demographically, our cohort treated with PVA implant 
for lesser toe pathologies is consistent with the existing lit-
erature with regard to age, sex, and clinical follow-up 
times.3,9 Our cohort was 100% female, and 5 of 13 patients 
presented with Freiberg’s disease, which is consistent with 
the current literature suggesting the prevalence of Freiberg’s 
disease predominantly in females.4,5

Figure 2. Postoperative radiograph demonstrating persistent 
avascular necrosis and collapse of the second metatarsal head. 
This patient remained asymptomatic at 2 years postoperatively.
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Sizing of the implant remains an important consideration. 
A previous cadaveric study performed at our institution 
examined 10 cadaveric specimens and showed that the sec-
ond MT could safely be reamed to accommodate an 8-mm 
synthetic cartilage implant while maintaining an intact corti-
cal rim.6 Previous study has also shown that 80%, 60%, and 
50% of second, third, and fourth MT heads, respectively, 
could accommodate the 8-mm implant. In a recent study by 
Glazebrook and colleagues,9 the authors presented a case 
series of 5 patients who underwent PVA implantation for 
Freiberg’s infraction or arthritis of the second MT head and 
reported good clinical outcomes and no complications at an 
average of 25 months of follow-up. The authors utilized the 

8-mm implant in all patients. In addition to Freiberg’s infrac-
tion and second MT arthritis, 2 patients in our study cohort 
with osteochondral defects of the second MT were also indi-
cated for PVA implantation. However, as previously men-
tioned, both patients developed postoperative complications, 
including 1 periprosthetic fracture, and both were indicated 
for revision. Although the number of cases is limited, these 
findings may discourage the use of PVA implantation in the 
treatment of OCLs of the lesser toes.

In a recent study, Brandao et al3 evaluated the outcomes 
following second MT osteotomy compared with PVA 
hydrogel implantation for the operative management of sec-
ond MT pathology. The authors compared clinical outcomes 

Figure 3. (A) Preoperative and (B) postoperative standing radiographs of the anteroposterior foot demonstrating the polyvinyl 
alcohol implant in the second metatarsal head. (C) Postoperative sagittal magnetic resonance imaging of the foot demonstrates 
increased signal intensity and a definitive periprosthetic fracture of the second metatarsal neck proximal to the implant.

Table 2. Mean Preoperative, Postoperative, and Pre- to Postoperative Change in PROMIS Scores.

PROMIS domain
Preoperative 

(n = 13)
Postoperative 

(n = 9)
Δ Pre- to postoperative 

(n = 9) Pa

Physical Function 39.6 41.9 2.3 .51
Pain Interference 63.4 56.3 −8.2 .01
Pain Intensity 54.9 45.1 −11.5 .01
Depression 50.2 50.3 −1.2 .96
Global Physical Health 42.7 48.5 9.7 .07
Global Mental Health 48.5 50.8 2.3 .46

Abbreviation: PROMIS, Patient-Reported Outcomes Measurement Information System.
aBoldface type indicates statistical significance.
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between 6 patients who underwent PVA implant with a 
6-mm prosthesis and 7 patients who underwent second MT 
osteotomy. They reported superior outcomes for the osteot-
omy patients compared with the PVA implant patients with 
regard to patient-reported pain and function, as well as 
higher failure rates for PVA implant patients, evaluated at 
an average clinical-follow up of 19 months. In their cohort, 
4 out of 6 patients who underwent a PVA hydrogel implant, 
3 indicated for Freiberg’s infraction and 1 indicated for an 
osteochondral defect, had a revision Weil osteotomy at an 
average of 15 months following PVA implantation.3

As an alternative to synthetic cartilage implants, 
Miyamoto et al13 published a case series of 4 patients who 
underwent osteochondral autograft plug transplantation for 
late-stage Freiberg’s disease. MRI was performed for all 
patients prior to surgery, 6 months postoperatively, and 12 
months postoperatively, at which time the patients under-
went arthroscopic evaluation.13 These authors reported an 
improvement in American Orthopaedic Foot & Ankle 
Society (AOFAS) scores from 70.8 preoperatively to 97.5 
postoperatively, with an average follow-up of 52 months. 
At 12 months postoperatively, MRI scans demonstrated 
healing of the osteochondral plug and normal arthroscopic 
grading in 2 patients, with near-normal grading in the 
remaining 2, based on the International Cartilage Repair 
Society Cartilage Repair Assessment Score. The authors 
concluded that osteochondral autograft transplantation 
presents another potential surgical option for advanced 
degenerative arthritis, OCL, or Freiberg’s infraction.

In light of the complications observed in our cohort, we 
recommend no more than 2 mm of protrusion above the 
cortical rim of the MT head in order to minimize overten-
sioning of the joint and erosion of the proximal phalanx. 
Patients should also be carefully evaluated with regard to 
MT head size. The 8-mm implant has been utilized at our 
institution for lesser MT pathology, but too great of a mis-
match of implant to MT head may result in hoop stresses 
exceeding implant contaminant, resulting in periprosthetic 
fracture as corroborated in our previous cadaveric study and 
seen in 1 patient in this cohort.8 It should be noted that at the 
time of this study, the 6-mm implant was not routinely 
available in the United States. In addition, the use of a PVA 
implant for the treatment of second MT OCLs should be 
carefully evaluated, as both patients in our cohort with a 
second MT OCL underwent revision surgery. We hypothe-
size that this may be due to inferior quality of the subchon-
dral bone.

The primary limitation of this study is the small sample 
size and short-term follow-up. The majority of cited litera-
ture pertaining to the treatment of lesser toe pathology 
includes small case series and studies of limited power. 
Because the PVA implant has only been FDA approved in 
the United States for use in the first MT, its use in treating 

lesser toe pathology is relatively new. Nevertheless, we 
believe that even with a small sample, our results demon-
strate that PVA hydrogel implantation of the second and 
third MT can result in improvements in clinical outcomes 
when used judiciously in a carefully selected patient popu-
lation, usually in the setting of failed conservative or other 
operative management. In our cohort, persistent pain was 
more common for patients undergoing a primary procedure 
compared with a secondary procedure, but a future prospec-
tive study as well as longer-term follow-up in a larger cohort 
of patients would provide more insight in evaluating the 
proper indications, efficacy, and survivorship of the implant.

Conclusion

This study represents the largest case series to date evaluat-
ing the use of PVA hydrogel implant in the surgical treat-
ment of second and third MTP pathology. While the implant 
presents a viable option in the setting of advanced lesser 
MTP pathology and failed conservative or operative man-
agement, it is not without complications. This study demon-
strates the potential indications for successful treatment 
using this implant in the lesser toes and highlights the 
importance of proper patient selection. A larger prospective 
cohort study would provide valuable insight into the effi-
cacy and safety of PVA hydrogel implantation for joint-
destructive conditions of the lesser toes.
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