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Ligamentoplasty with interposition of the proximal
interphalangeal joint in the treatment of unicondylar
osteochondral defects: a cadaveric feasibility study
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Background Injuries to the proximal interphalangeal (PIP) joint are common and complex.
However, the treatment of osteochondral defects of the head of the proximal phalanx has
rarely been described. Herein, we propose a new technique for the management of unicondy-
lar defects of the proximal phalanx that can restore joint amplitudes and provide PIP stability.
Methods In this cadaveric feasibility study, unicondylar defects were generated using strik-
ing wedges and chisels. First, a transverse tunnel measuring 2 mm in diameter passing
through the head of the proximal phalanx was made. A second tunnel at the base of the
middle phalanx with the same diameter was then created. The hemitendon of the flexor carpi
radialis graft was passed through each of these tunnels. The proximal end of the graft was
interposed in the area with a loss of bone substance. The ligamentoplasty was then tensed
and fixed by two anchors on the proximal phalanx. Joint amplitudes and frontal stability
were measured preoperatively and postoperatively.

Results There was no significant change in the joint's range of motion: preoperatively, the
mean mobility arcs were -2° to 113.80°, and they were -2° to 110° after the procedure (P=
0.999). There was no significant difference in joint stability (P> 0.05).

Conclusions Ligamentoplasty with PIP interposition appears to be a possible solution for the
management of unicondylar defects of the proximal phalanx. An evaluation of clinical results
is planned in order to definitively confirm the validity of this procedure.
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the management of osteochondral defects of the base of the

INTRODUCTION
middle phalanx (hemihamate grafting, costal grafting, mosaic-

Injuries of the proximal interphalangeal (PIP) joint are very
common [ 1,2]. These lesions can be accompanied by very com-
plex osteocartilaginous lesions [3]. Reduction and fixation may
be extremely difficult, or even impossible, for excessively large

defects. The literature describes many surgical techniques for

plasty; etc.) [4-8]. The concept is to replace a missing section of
the articular surface of the middle phalanx with an autologous
osteochondral graft of similar geometry.

In comparison, the treatment of isolated defects of the proxi-

mal phalanx has been poorly described in the literature. Howev-
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er, the posttraumatic course of this type of fracture can move to-
ward complete joint destruction, resulting in instability, subse-
quent deformity and significant loss of finger function [9].

Herein, we propose a ligamentoplasty method with interposi-
tion of a hemitendon of the flexor carpi radialis (hemi-FCR) for
the management of unicondylar proximal phalanx osteochon-
dral defects. This technique would have the advantage of filling
the loss of bone substance through tendon interposition and
strengthening the collateral ligament structure to reduce frontal
laxity. The objectives were (1) to restore the joint amplitudes of
the PIP and (2) to provide joint stability.

METHODS

In this cadaveric feasibility study, the second and third fingers
were dissected on 20 hands (i.e., 40 PIPs). The other long fin-
gers could not be used because there was not enough tendon
graft available for four ligamentoplasties. The thumbs were not
examined. Anatomical structures were similarly dissected using

adorsal approach.

Surgical technique

The incision was dorsolateral, curvilinear, and centered on the
PIP. This incision enabled proper exposure for the rest of the
procedure.

Unicondylar defects were carved with chisels and a gouge to
generate osteocartilaginous defects that could be classified as
London-Weiss I, ITa or IIb [10,11]. The hemi-FCR was pre-
pared with the conventional procedure.

The first tunnel, with a diameter of 2 mm, was made trans-
versely through the head of the proximal phalanx, and then a
second tunnel of the same diameter was made at the base of the
middle phalanx. The tunnels were positioned at the insertion
site of the main bundle of the collateral ligament. The intention
was to preserve isometry in the flexion and extension of the liga-
ment plane, thereby obtaining optimal frontal stability. Thus, for
the proximal phalanx, the tunnel was made at the most proximal
part of the osteochondral defect, parallel to the joint. For the
middle phalanx, the tunnel was located S mm from the articular
surface and palmar to the center line of the diaphysis (Fig. 1).

The tendon graft was inserted through each of the tunnels us-
ing a loop wire, as shown in Fig. 2. The proximal end of the graft
was sutured to itself repeatedly to form an anchovy shape and
then inserted into the area with loss of condylar substance to fill
the cavity and thus obtain the required interposition. In a sec-
ond step, a first 3.0 anchor (Mitek DePuy Synthes) was used to
lock the graft to the proximal phalanx on the healthy side. The
ligamentoplasty was then stretched and fixed by an anchor to
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Fig. 1. Good positioning of the tunnels from the front (A) and in
profile (B). (A) The two orange lines represent the 2 mm tunnels on
the proximal phalanx (lower) and the middle phalanx (upper). The
tunnel was made at the most proximal part of the osteochondral
defect, parallel to the joint. (B) The two orange spots represent the
tunnel orifices on the proximal phalanx (bottom) and the middle
phalanx (top). The red line corresponds to the axis of the diaphysis
of the middle phalanx. The orifice of the tunnels is located palmar
to the centerline of the diaphysis of the middle phalanx. For the dis-
tal phalanx, the tunnel is located 5 mm from the articular surface.

the proximal phalanx on the injured side (Fig. 3). The capsulo-
ligament system and the skin incision were finally closed.

The joint amplitudes of the PIP were measured with a finger
goniometer positioned on the dorsal side of the PIP. Frontal sta-
bility was subjectively estimated by applying the same varus-val-
gus strain on the PIP before and after the procedure.

Statistical analysis

Measurements performed on healthy PIPs were compared to
those performed after surgery. A P-value <0.0S was considered
to indicate statistical significance. The Wilcoxon test was used
for qualitative variables and the Mann-Whitney test was used
for quantitative variables. The software used was Excel (Micro-
soft Corp., Redmond, WA, USA) and SAS version 9.4 (SAS In-
stitute Inc., Cary, NC, USA).

RESULTS

The healthy joints had an average range of motion of -2° to
113.80° and were all stable before the procedure. After ligamen-
toplasty, the average angle was 110° in flexion and 2° in exten-



Vol. 48 [ No. 6 /| November 2021

II

Archives of Plastic Surgery AP S

Fig. 2. Surgical technique plan. lllustration of the ligamentoplasty technique with interposition of the proximal interphalangeal (PIP) joint, step
by step, from left to right (blue: surgical anchor and green: tendon graft). (A) Unicondylar defect of PIP. (B) Tunnels creation. (C) Passage of the
graft through the tunnels. (D) Making the interposition. (E) First anchor positioning. (F) The graft is tensed to perform the ligamentoplasty and

then locked with a second anchor.

Fig. 3. Different steps of the surgical procedure. Unicondylar osteochondral defect London type 1 (A)-Loop allowing passage of the graft: dor-
sal (B) and fractured side views (C). Transplant passage (D)-final appearance: dorsal (E) and lateral views (F). Photographs taken with the autho-

rization of the anatomy laboratory of the faculty of medicine.

sion (Table 1). In the 40 operated PIPs, no significant difference
was found between postoperative and preoperative joint mobil-
ity (P=0.999).

After the procedure, 95% of the PIPs were stable. Stability was
found in extension, as well as at 30° and 90° of flexion on the

healthy and damaged sides (Table 2). The two cases of instabili-

Table 1. Range of motion of the proximal interphalangeal joint

, Mean +SD
Range of mation = : P-value
Healthy joint (°)  Ligamentoplasty (°)
Flexion 113.80 £ 4.79 110.00 £ 4.24 0.999
Extension 2.00+2.16 2.00+1.20 0.500

Analysis of the range of motion of the proximal interphalangeal joint before and
after the procedure.
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Table 2. Frontal stability testing

Healthy joint ~ Ligamentoplasty

Frontal stability (n=40) (n=40) P-value
Healthy side
In extension 40 38 0.345
At 30° flexion 40 38 0.345
At 90° flexion 40 38 0.345
Defect side
In extension 40 39 1.000
At 30° flexion 40 38 0.345
At 90° flexion 40 38 0.345

Frontal stability between the healthy and defective sides before and after surgery in
extension, at 30° and 90° of flexion.

ty were probably related to technical deficiencies. The first was
probably due to the poor quality of the transplant. The second
was the result of interposition that was too small and did not fill
the entire bone defect. No significant difference in frontal stabil-
ity was found between the two groups (P =0.345). Only two
PIPs (5%) showed postprocedural instability.

DISCUSSION

Defects of osteochondral substances in the PIP pose a surgical
challenge. Reconstruction of the joint remains difficult and in-
volves the risk of stiffness [12]. However, the PIP is acknowl-
edged to be a key joint for overall finger function.

The technique proposed here, although it does not restore an
anatomical joint surface, appears to restore satisfactory stability
and mobility to the joint. Like ligamentoplasty and interposi-
tion after trapeziectomy, which provide excellent long-term re-
sults [13], this technique offers a twofold advantage: (1) it re-
duces the risk of deformation in the frontal plane by interposi-
tion of the tissue, and (2) it provides bilateral collateral rein-
forcement to support the interposition with ligamentoplasty. In
addition, this technique enables the management of greater os-
teochondral substance loss than palmar plate advancement in-
terposition arthroplasty which was initially described by Male-
rich and Eaton [14,15]. Furthermore, the two failures in this
study illustrate the importance of combining ligamentoplasty
and interposition. Ligamentoplasty with PIP interposition was
performed using the anchovy technique, as was described for
trapeziectomy filling by Burton and Pellegrini VD Jr [16]. The
first clinical results of a technique combining interposition and
collateral reinforcement were reported by Gong et al. [17].
Their technique combined interposition with tenodesis and re-
construction of the ipsilateral collateral ligament. The results of
the three cases of posttraumatic destruction of the PIP treated
by this technique showed, after an average of 2.5 years of follow-
up, an average postoperative arc of mobility of 20° to 60°, no
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pain, no mid-lateral instability, and an average grip strength of
88% compared with the healthy side. Moreover, this technique
required minimal loss of osteochondral substance without sig-
nificant joint incongruity.

A hemi-FRC graft was chosen for multiple reasons. This ten-
don has the advantages of being constant, and voluminous, en-
suring that a graft can be harvested with the desired diameter
and with a consequent length that enables filling of osteocarti-
laginous defects of all sizes and makes it possible to perform bi-
lateral ligamentoplasty. Finally, we have experience harvesting
these grafts for the management of other pathologies. This was
not the case with the superficial common flexor, which is why it
was not used.

For the construction of the tunnels, several diameters were
tested before beginning this study. A realization of a 2-mm tun-
nel seemed to offer the best compromise between the passage
of the transplant with a loop wire and the preservation of bone
management. No fracture of the healthy condyle occurred dur-
ing the protocol.

The use of two anchors on the proximal phalanx proved to be
indispensable to guarantee the stability of the assembly. Indeed,
the interposition alone did not allow self-locking that would be
large enough to require only one anchor. For the same reason,
and because their use is very frequent in hand surgery [18], an-
chors were preferred to tenodesis screws. Moreover, the latter
could have weakened the healthy condyle of the proximal pha-
lanx.

Two PIPs were found to be unstable postoperatively. The first
was probably due to the poor quality of the transplant. Indeed,
the transplant appeared to be damaged during the frontal stabil-
ity test. The second was the result of an interposition that was
too small and did not fill the full bone defect. Frontal instability
increased with flexion (Table 2).

The choice of available treatments for osteochondral defects is
limited. Arthrodesis is a reliable and simple technique, but stiff-
ness is an obvious sequela, that is very poorly tolerated function-
ally [19]. Arthroplasty has not yet demonstrated acceptable re-
sults in young patients and may not be indicated in this type of
trauma. Indeed, the complications inherent to this type of im-
plant, such as instability, joint synovitis and prosthetic implant
failure, make its use in young and active patients difficult; for
this reason, no consensus exists regarding the use of these im-
plants in such patients [20-22]. However, a recent study con-
cluded that arthroplasty with a silicone implant is a viable op-
tion for acute management [23]. Vascularized toe joint transfer,
or transfer of the distal interphalangeal joint of the same finger,
has many advantages (composite transfer, satisfactory frontal

stability), but it is technically challenging, creates morbidity at
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the donor site, exposes patients to microsurgical risks, and
should probably only be considered in patients with loss of both
joint surfaces [24-26]. Although they are poorly described, au-
tologous osteochondral grafts are an attractive surgical option
for restoring the lost segment of a joint surface. Ishida et al. [27]
used the second or third carpo-metacarpal joint as a donor for
osteochondral grafts for PIP reconstruction in 10 patients, with
satisfactory results. Sato et al. [12] reported a significant im-
provement in joint mobility in nine PIP reconstructions with
autologous costochondral grafts. Zappaterra et al. [28] con-
firmed these results in four patients with a mean arc of mobility
0£20°-50°. However, this donor area is at risk of pneumothorax,
even though this risk is minimal when the correct approach is
carried out. In 2010, satisfactory medium-term results were re-
ported for a unicondylar reconstruction of the proximal phalanx
using a graft taken from the base of the fifth metacarpal [29].
Recently, Kumta et al. [30] described the possibility of using
microsurgical grafts from the femoral condyle for interphalan-
geal joint reconstruction.

There appear to be multiple advantages offered by the tech-
nique proposed here: (1) it makes it possible to preserve normal
joint amplitudes; (2) it restores joint stability even in the event
of significant osteochondral loss; (3) the transplant is known
and has already demonstrated low morbidity; (4) the technique
is simple to perform, is reproducible, and uses little material;
and (S) this method does not prevent secondary arthroplasty if
necessary. Nevertheless, this technique does present some diffi-
culties, especially when positioning the bone tunnels and con-
sidering the existing risk of fracture of the healthy condyle dur-
ing drilling. In addition, the management of graft isometry re-
mains problematic. The best position for clamping the graft
seems to be full extension, a position in which the collateral liga-
ment plane is physiologically tense.

Questions remain as to the postoperative course and longevity
of this surgical procedure. On the one hand, it will be important
to evaluate the risks of collapse of the tendon interposition, re-
laxation of the graft and therefore secondary instability. On the
other hand, an objective evaluation of frontal stability could not
be performed due to the lack of measurement instruments. This
remains the main limitation of this study. Therefore, it will be
necessary to precisely measure frontal stability to obtain confir-
matory clinical findings. Finally, to optimize functional results, it
will be essential to develop a precise postoperative protocol,
particularly concerning the type and duration of immobiliza-
tion, as well as the rehabilitation to be implemented.

This technique is not indicated in cases involving loss of the
bicondylar osteochondral substance and the middle phalanx

base.

Archives of Plastic Surgery

Ligamentoplasty with PIP interposition appears to be a possi-
ble solution for the management of proximal phalanx unicondy-
lar defects. It has the potential to enable recovery of joint ampli-
tudes and stability without compromising subsequent prosthet-
ic replacement if necessary. An evaluation of the clinical results

is envisaged to definitively validate this technique.
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