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Background: Freiberg-Kohler’s disease is not a common disease and although various reports have been
described since 1914, treatment methods are not completely established. The purpose of the present
retrospective study was to evaluate the long-term outcomes following joint debridement and
microfracture procedures for the treatment of Freiberg-Kohler’s disease.
Methods: Fifteen consecutive patients (16 feet) with Freiberg-Kohler’s disease (Smillie’s classification grade
[II-V) were operated between May 1996 to December 2011. All patients followed the same post-operative
protocol. The objective and subjective evaluations were taken at the initial examination and at final follow-up.
Results: Mean follow-up was 11 years +5.5 (range 4.2-19.7 years). The AOFAS score, VAS score and ROM of
the MTP joint improved significantly after surgery (p value <0.05).
The AOFAS score improved from a preoperative value of 46.7+15.5 points to 83.24+9.4 points
postoperative (p < 0.05). The mean preoperative joint ROM was 28° +8° and 49° + 13° postoperative
(p <0.05). VAS score improved from a preoperative value of 5.5 + 1.2 points to 1.2 + 1 points at last follow-
up (p < 0.05). At the end of follow-up 13 patients (81%) declared they were very satisfied, 3 patients (19%)
satisfied and nobody unsatisfied.
Conclusions: Our results suggest that joint debridement and microfracture procedure is an effective
surgical treatment for late-stage Freiberg-Kohler's disease with decrease of daily pain, improved ROM, and
high patient satisfaction.

© 2018 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Although the etiology of Freiberg-Kohlers disease is contro-
versial, most theories point to a vascular deficit of the metatarsal
head associated with mechanical overload [1,2]. Smillie classi-
fied the natural history of Freiberg-Kohler’s disease into five
stages according to macroscopic appearance (Table 1) [3]. In the
early stages of Freiberg-Kohler’s disease, such as stages I, and Il
conservative methods should be recommended first, whereas
surgical methods are usually reserved for stages IlI, IV, and V
[4-7]. Conservative treatments consist in nonsteroidal anti-
inflammatory drugs, footwear modifications, plantar orthotics
for reducing metatarsal head pressure and reduction of physical
activity. Surgery is indicated when conservative treatment gives
no benefit. Multiple surgical procedures are available for the
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treatment of Freiberg-Kohler’s disease: isolated joint debride-
ment [8] can be associated with microfracture technique [9],
dorsal wedge osteotomy to change the orientation of the
articular surface [10], silicone or prosthesis arthroplasty [11,12],
perichondral grafting [13,14], and metatarsal head resection
[15]. The purpose of this retrospective single surgeon study is to
evaluate the long-term results of joint debridement and
metatarsal head microfracture technique for the treatment of
Freiberg-Kohler’s disease. All patients treated for Freiberg-
Kohler’s disease during the study period were treated with the
same procedure.

2. Materials and methods

This retrospective study collected 15 consecutive patients (16
feet) presenting late stage (stage III-V) of Freiberg-Kohler’s
disease treated with debridement and microfracture technique
from May 1996 to December 2011. All patients were participants
in the practice of the senior author (A.V.V.) Diagnosis was based
on clinical history, physical examination and plain radiographs for
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Table 1
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Smillie classification for Freiberg disease.

P

»
*

Fracture through the
epiphysis

Central depression

Central depression that leads
to medial and lateral
projections at the margins
with an intact plantar hinge

Central portion frees from the
intact plantar hinge, forming a
loose body with associated
fractures of the medial and

Flattening of the metatarsal
head with secondary
degenerative changes

lateral projections

all patients. According to Smillie’s classification system one case
was in stage III, seven cases were in stage IV and eight in stage V.
All clinical and radiographic evaluations were taken at the initial
examination and at final follow-up. Inclusion criteria were:
manifestation of persistent pain in spite of more than 6 months of
conservative treatment; lacking of previous operative treatment
for the same problem in the past. It is worth to note that 9 out of
16 cases were affected by other pathologies of the forefoot which
disrupts the normal biomechanics of the forefoot (Table 2). All
patients, appropriately informed, expressed their consent to take
part in the study.

2.1. Clinical and radiographic evaluation

All clinical data and radiographs were evaluated pre-treat-
ment and at last follow-up. The clinical examination included the
non-weight-bearing, assisted MTP joint dorsal and plantar range
of motion (ROM). The MTP ROM was considered normal when it
was greater than 75°, moderate when ranging between 30° and
74°, and stiff below 30°. The subjective evaluation was based on
the AOFAS score [16] and relief of pain was evaluated using VAS
score [17]. The VAS measures the degree of pain, subjectively
perceived by the patient, on a centimeter scale of 10 cm, where

Table 2
Demographic data.?

0cm corresponds to absence pain and 10 cm refers to maximum
pain perceived. At the end of follow-up patients received an
additional questionnaire. They were asked if they were satisfied
with the results of the surgery, satisfied with reservations, or
unsatisfied and if they would have the procedure again.
Radiographic examinations were performed for each individual
during follow-up appointments and at last follow-up with a
weight-bearing foot x-ray. Morphological changes in the meta-
tarsal head and MTP jont were evaluated.

2.2. Operative technique

All patients were operated in supine position under general
anesthetic or local block and with ankle pneumatic tourniquet. A
longitudinal incision over the MTP joint was executed. Capsu-
lotomy was performed between the extensor digitorum longus and
brevis tendons. Synovectomy with joint debridement was per-
formed. Debridement involved removal of loose body, metatarsal
head prominences and any periarticular osteophytic spurs. The
surface of the cartilage defect was drilled with 1.1 mm Kirschner
wire (K-wire) about 4-5 times until inducing bleeding. The wound
was closed using simple skin stitches. The foot was wrapped in a
compressive dressing.

Case Age Gender Follow-up years  Side of surgery Joint affected Smillie’s classifcation  Pre-existing conditions  Forefoot surgery
1 59 M 4.2 R 11 \ - -
2 71 F 19.7 R 11 I\ - -
3 65 M 14.7 L 11 \" HR KELLER
4 67 M 16.5 R 11 \ HR KELLER
5 28 F 122 R 11 v - -
6 43 F 13 R 11 \Y - -
7 26 F 9.6 R 11 v - -
8 55 M 7.7 L 11 11 HV NST
9 61 F 10.3 L 11 A% - -
10 45 F 5.9 R 11 v HV NST
11 68 M 5.7 L 11 v HV NST
12 50 M 12 L 11 \% HV CHEVRON
13 60 F 44 L Il v HV CHEVRON
14 47 F 19 R 11 \ HV NST
15 16 F 19.5 L 11 1\ - -
16 44 F 9 L 11 \ HV NST
Total 16 50.3+16.2 M(5)/F(10) 11+55 8/8 I MTP — (12 feet) 1 — (1); IV — (7); 9/16
Il MTP — (4 feet) V —(8)

2 M: male, F: female, L: left, R: right, HV: Hallux Valgus, HR: Hallux Rigidus, NST: non-surgical treatment.
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2.3. Postoperative management

All patients were discharged from hospital in one day wearing a
soft bandage and hard-soled postoperative shoe allowing for full
weight-bearing walking. The patients wore the shoe for 3 weeks.
Dressings were changed 1 week postoperatively and were
removed after 2 weeks if the wound was healed. Patients started
active-passive dorsiflexion-plantarflexion exercises of the MTP
joint within the first postoperative day.

2.4. Statistical analysis

The Wilcoxon test was used to analyze statistical differences
between preoperative and last follow-up AOFAS score, VAS score
and ROM. For all tests, a p-value of <0.05 was considered
statistically significant.

3. Results

The study included 10 women and 5 men (16 feet) with an average
age of 50.3 4-16,2 years (range, 16-71 years). The bilateral case was
treated in two operative time (Fig. 1). Mean follow-up was 11 £5.5
years (range 4.2-19.7 years) (Table 2). For all cases, AOFAS score, VAS
score and ROM of the MTP joint improved significantly after surgery
(Table 3). According to the postoperative AOFAS scores 1 case
obtained excellent results and 13 were classified as good and 2 as fair.
The total AOFAS score improved from a preoperative value of
46.7 +£15.5 points to 83.2 4+ 9.4 points postoperative (p < 0.05). All

toes were clinically stable. MTP joint ROM after surgery was
moderate in 13 cases and in 3 case it was stiff. The mean preoperative
joint ROM was 28° 4+ 8° and was 49° 4+ 13° postoperative (p < 0.05).
VAS score improved from a preoperative value of 5.5 + 1.2 points to
1.2+1 points at last follow-up (p<0.05). No progression of
osteonecrosis was observed in any of the examined cases at last
follow-up (Fig. 2). At the end of follow-up 13 patients (81%) declared
they were very satisfied, 3 patients (19%) satisfied with reserve and
all patients would have the procedure again. Regarding the three
patients satisfied with reserve affected by severe stiffening were
successfully treated with hard soled. There were no complications
regarding wound infection.

4. Discussion

Several studies hypothesize that abnormal mechanical stress and
deficiency of the blood supply of the metatarsal head are the major
causative factors of Freiberg-Kohler's disease [18,19]. Smillie [4]
supported the idea of a traumatic cause for the Freiberg-Kohler’s
disease. In fact, the author noted that repeated trauma are
responsible for trabecular stress injury and argued that this injury
occurs more frequently in feet with first ray pathology. Abnormal
mechanical stress of the lesser metatarsals may be induced by
pathologies of the forefoot which disrupt the normal weight-
bearing, such as hallux rigidus, hallux valgus and any malalignment
of the first ray. In fact, these conditions increase the load assumed by
the second metatarsal [20]. It is worth noting that 9 out of 16 cases in
the analysed population presented these conditions. Furthermore,

Fig.1. Patient with bilateral Freiberg’s disease. Left foot: A: Preoperative radiography with hallux rigidus, B: post-operative after Keller procedure, C: Freiberg’s disease on the
Il metatarsal that was classified as Smillie stage V., D: 1 year of follow-up, E: last follow-up at 14.7 years. Right foot: A: Preoperative radiography with hallux rigidus, B: Post-
operative after Keller procedure, C: Freiberg’s disease on the Il metatarsal that was classified as Smillie stage V., D: 1year of follow-up, E: Last follow-up at 16.5 years.
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Table 3
Clinical evaluation.®
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Case JOINT ROM VAS score AOFAS score

(In degree) Pain Function Alignment Total score

PRE LFU PRE LFU PRE LFU PRE LFU PRE LFU PRE LFU
1 15 25 8 3 0 30 15 27 8 8 23 65
2 25 50 5 1 20 30 19 35 15 15 54 80
3 25 50 7 2 0 30 20 35 15 15 35 80
4 35 55 5 2 0 30 25 40 15 15 40 85
5 35 60 5 1 20 30 25 37 15 15 60 82
6 40 50 5 0 20 40 25 35 15 15 60 90
7 35 55 5 0 20 40 29 37 15 15 64 92
8 35 65 4 0 20 40 29 35 15 15 64 90
9 20 25 7 2 0 30 25 35 15 15 40 80
10 30 55 4 0 20 40 25 35 8 15 53 90
1 25 50 5 1 20 40 20 30 15 15 55 85
12 20 45 5 1 20 40 24 35 8 15 52 90
13 35 65 4 0 20 40 29 40 15 15 64 95
14 25 50 6 2 0 30 20 37 8 15 28 82
15 30 55 6 1 0 30 25 40 15 15 40 85
16 15 25 7 3 0 30 15 22 0 8 15 60
Mean 28 49 5.5 1.2 11.2 344 231 34.7 123 14.1 46.7 83.2
S.D. +8 +13 +1.2 +1 +10.2 +5.1 +4.5 +4.8 +4.5 +24 +15.5 +9.4
P value <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

2 VAS: visual analogue scale, AOFAS: American Orthopaedic Foot and Ankle Society lesser metatarsophalangeal-interphalangeal scale, ROM: range of motion, PRE:

preoperative, LFU: last follow-up, SD: standard deviation.

Fig. 2. A 47-year-old woman with Freiberg’s disease that was classified as Smillie stage V. A: Preoperative radiography, B: Postoperative radiograph at 1 month demonstrating
more anatomical articular joint surface, C: Radiograph at 19 years of follow-up showed the joint space still preserved and signs of remodeling.

key roles in the abnormal stress concentration are played by the
metatarsal length and mobility. The longer length of second
metatarsal with respect to the first predisposes the former to
sustain greater stresses during normal gait [21]. The results of
Stanley etal. confirm the relevantrole of second metatarsal length, as
theyobserved that the second metatarsal was the longestin 94% of 33
patients with unilateral Freiberg-Kohler’s disease [1]. Furthermore,
the second metatarsal is the least mobile, thereby conferring the

greatest stress at that metatarsal head distally. We rated that 12 (75%)
out of 16 cases presented Freiberg-Kohler’s disease on the second
metatarsal head. This percentage is in agreement with other studies
that found Freiberg-Kohler’s disease in second metatarsal head from
68% to 85.7% of patients [22,23] Obviously, the abnormal stress
conditionsinfluence the vascular supply. The metatarsal head itselfis
supplied by small vessels that penetrate the sides of the insertion of
the joint capsule [24,25]. Compression of these vessels from a joint



A. Viladot et al./Foot and Ankle Surgery 25 (2019) 457-461 461

effusion, swelling and shoes with the narrow tip and high heels, may
compromise the blood flow [26]. Several surgical Freiberg-Kohler’s
disease treatment methods have been proposed, but there is no
general agreed consensus on the optimal operative procedure [7].
Metatarsal dorsal wedge osteotomies are widely used treatment
methods for the Freiberg-Kohler’s disease for which several authors
reported good results [27,28]. Although these procedures are simple,
they pose several disadvantages: lesser toe transfer metatarsalgia,
floating toe phenomenon, and problems related with fix methods.
Kilicetal.[23] treated 6 patients with cheilectomy and microfracture
procedure and 8 patients with dorsal crescentic osteotomy and they
concluded that there are not significant differences between
dorsiflexion osteotomy and joint debridement with microfracture
procedure in term of improvement in pain relief and ROM of the MTP
joint. Other treatments include silicone or hemiarthroplasty for
which the published researches do not provide sufficient evidence of
effectiveness. Addition of a cartilage autograft is an experimental
technique that seems to lead to good short-term results with
improvement in the AOFAS score after 1 year in the advanced stages
of the disease, but longer term follow-up is still needed [13].
Resection of the metatarsal head is not recommended because of the
high risk of break in alignment of the metatarsal arch, deformity of
the toes, transfer metatarsalgia, and gait disturbance [15]. In the
present study, we analysed the long term results of Freiberg-Kohler’s
disease treated with joint debridement and microfracture technique.
Debridement procedure was originally proposed by Freiberg [29];
recently Erdil showed that treatment of Freiberg-Kohler’s disease
with debridement provided a significant improvement of AOFAS
score and better quality of life for his patients [30]. We decided to
couple the debridement with microfracture technique using K-wire
to aid the restoration of the cartilage defects and also encourage
metatarsal morphology remodeling. The results of this study are in
agreement with these obtained by Pastides etal.[9] which treated 11
patients with late stage of Freiberg-Kohler’s disease using debride-
ment and microfracture procedure. They obtained a significant
reduction of painat 6 months, with 2.1 and 3,1 of VAS score at rest and
on mobilizing, respectively (p < 0.05). Our long-term results showed
that debridement with microfracture is an effective surgical
treatment for late stage Freiberg-Kohler’s disease with significant
improvement in painrelief, AOFAS, ROM of the MTP joint and patient
satisfaction. Debridement coupled with microfracture procedure
provides two main advantages over the other methods since it
involves a single operative procedure, without the need of hardware
removal, and it does not cause metatarsal shortening or other
anatomic abnormalities. There are several limitations associated
with our case series. The most important limitation is that this study
is retrospective and does not compare the results of this technique
with the others. Anotherlimitationis the small number of patients.In
ourview, additional prospective and comparative studies are needed
to evaluate optimal treatment method. In view of the collected
results, we can conclude that joint debridement and microfractures
is an effective, simple and safe procedure procedure for the
treatment of late stage Freiberg-Kohler's disease. No author
associated with this paper has disclosed any potential or pertinent
conflicts which may be perceived to have impending conflict with
this work.
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