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Introduction

There were many kinds of congenital proximal interphalangeal joint 
flexion deformities, including camptodactyly, proximal flexor con-
tracture, trigger finger, arthrogryposis, and proximal extensor tendon 
dysplasia and hypoplasia of the central slip. Congenital hypoplasia of 
the central slip of the extensor tendon was an extremely rare condi-
tion [1]. More commonly addressed had been congenital absence of 
the central slip of the extensor tendons, in which the insertion of the 
central slip at the base of the middle phalanx was not present [2]. It 
had been introduced briefly in very few published reports on congen-
ital hypoplasia of the central slip in the English literature [1–4], and 
the number of cases was very small. At present, there was no report 
on classification and corresponding treatment plans for congenital 
hypoplasia of the central slip. In this study, the diagnosis and classifi-
cation of congenital central slip hypoplasia were clarified. Different 
surgical schemes were adopted according to the classification.

Methods

A retrospective study of 25 treated digits in 13 patients with congen-
ital hypoplasia of the central slip was carried out.

The diagnosis of congenital hypoplasia of the central slip included 
the following:

1. No active extension of proximal interphalangeal joint of the 
affected digit since birth, while there was a full range of pas-
sive extension of proximal interphalangeal joint (Figure 1).

2. The active extension of metacarpophalangeal joint was normal.
3. Finger flexors, as well as wrist extensors and flexors, were intact.
4. The dorsal skin of proximal interphalangeal joint was sunken 

and had adhesion with periosteum, while the palmar skin of 
the digit was normal.

The inclusion criteria were as follows: the patients with the typical signs 
of the central slip hypoplasia described above since birth and there was 
no any improvement after rehabilitation treatment for at least half a 
year. The exclusion criteria included acquired proximal interphalangeal 
joint extension disorder, camptodactyly, proximal flexor contracture, 
trigger finger, arthrogryposis, and proximal extensor tendon dysplasia. 
According to the medical records and inclusion and exclusion criteria, 
the enrolled patients were confirmed. Our institutional review board 
approved the study protocol. A written-informed consent was obtained 
from the guardians of all patients. All methods were carried out in 
accordance with relevant guidelines and regulations.

From 2012 to 2020, 13 patients who were affected by hypoplasia of 
the central slip were treated. Twenty-five affected digits were classified 
into two types according to the condition of central slip during 
operation. No other abnormalities of the musculoskeletal system were 
observed. Radiographs revealed no evidence of bony or joint disease.

Surgical technique

The dorsum of the digit was explored through an ‘S’ incision. The cen-
tral slip was exposed, and the insertion was detected. The central slip 
was universally found thinner and less white than the normal tendon. 
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According to the distance between the insertion of the central slip 
and the proximal interphalangeal joint, the central slip was classified 
into two types:

Type I: The distance between the insertion of central slip and the 
proximal interphalangeal joint was shorter than or equal to 5 mm 
(Figure 2).

Type II: The distance between the insertion of central slip and the 
proximal interphalangeal joint was longer than 5 mm (Figure 3).

Tendon advancement

Tendon advancement was suitable for type I. The central slip was dis-
sected from the lateral bands and advanced distally to the insertion 
(Figure 4). Then, it could be sutured through a transverse osseous 

tunnel at the proximal end of middle phalangeal with 5-0 PDS 
(polydioxanone synthetic) sutures.

Tendon graft

As for type II, tendon graft was used to repair the central slip. The 
attenuated area was uniformly excised. The insertion of central slip 
was dissected. Palmaris longus tendon was harvested. Then, it was 
sutured with 5-0 PDS sutures to connect the proximal end of middle 
phalangeal through a transverse osseous tunnel and the end of cen-
tral slip as a bridge (Figure 5).

No matter whether type I or II, the proximal interphalangeal joint 
was transfixed with a 1.0 mm Kirschner wire in straight position, and 
the wound was closed (Figure 6).

Figure 1. The typical sign of central slip hypoplasia: (left) no active extension of proximal interphalangeal joint, while there was a full range of passive extension 
of proximal interphalangeal joint (right).

Figure 2. Type I: the distance between the insertion of central slip and the 
proximal phalangeal was shorter than or equal to 5 mm.

Figure 3. Type II: the distance between the insertion of central slip and the 
proximal phalangeal was longer than 5 mm.
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Postoperative care

The Kirschner wire was removed in outpatient 4 weeks after opera-
tion. Then, motion exercises were started by a therapist for 2 months.

Evaluation

Clinical outcomes were evaluated with measurement of the residual 
lack of full active extension of the proximal interphalangeal joint, and 
complications were recorded at final follow-up.

Statistical analysis

Data analysis was carried out using the Statistical Package for Social 
Sciences (SPSS version 19.0, Chicago, IL, USA). Comparisons between 
preoperative and postoperative extension lags and between two 
types were analyzed using t-test for parametric data and Wilcoxon 
signed rank sum test for nonparametric data. A p < 0.05 was consid-
ered statistically significant.

Ethics

All experimental protocols were approved by the Huashan Hospital’s 
Institutional Review Board. All methods were carried out in accord-
ance with relevant guidelines and regulations.

Results

Patient demographic data and results were listed in Table 1. Patients 
included nine boys and four girls, mean age 44.1 months (range 14 
months–7 years) at operation. In total, congenital hypoplasia of the 
central slip was found in 13 index and 12 middle fingers.

In this study, in total, there were 13 patients with 25 affected digits. 
Of which, 14 digits were repaired with tendon advancement, while 
another 11 digits were repaired with tendon graft. Six patients had 
bilateral symmetric hypoplasia of the central slip, while seven patients 
were affected unilaterally. One patient had two operation methods 
(tendon advancement and tendon graft) in two digits.

The preoperative mean extension lag was 91° (range, 80°–100°), 
and the mean follow-up duration was 18 months (range, 9–24 
months). At the last follow-up, all the patients had improved active 
extension of proximal interphalangeal joint. The postoperative mean 

Figure 4. The central slip was dissected from the lateral bands and advanced 
distally to the insertion.

Figure 5. Palmaris longus tendon was sutured with 5-0 PDS sutures to con-
nect the proximal end of middle phalangeal through a transverse osseous tun-
nel and the end of central slip as a bridge.

Figure 6. The proximal interphalangeal joint was transfixed with a 1.0 mm 
Kirschner wire in straight position and the wound was closed.
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extension lag was 19° (range, 0°–50°), which was statistically less than 
the preoperative mean extension lag. The parents were satisfied with 
the improvement in range of extension of proximal interphalangeal 
joint. Neither operation methods had effect on flexion postoperatively 
in each patient.

The mean postoperative extension lags in tendon advancement 
and tendon graft groups were 17° and 20°, respectively. No matter 
whether in type I or II, the postoperative ranges of extension of 
proximal interphalangeal joint had significant improvement 
compared with the preoperative ones (p < 0.05). There was no 
statistical difference between the two types in the changes of 
extension lag of proximal interphalangeal joint before and after 
surgery (p = 0.819).

Complications

Thirteen digits in seven patients suffered joint stiffness within 4 
weeks. After 2 months, the flexion and the extension of proximal 
interphalangeal joint improved. There were no other complications in 
all the patients.

Discussion

Congenital flexion deformity of the proximal interphalangeal finger 
joint was an occasional observation in children [1], which could be 
caused by various reasons. The clinical phenotype of camptodactyly 
[5] included ineffective active and passive extension of proximal 
interphalangeal joint, intrinsic and extrinsic tendon shortening, and a 
skin deficit on the palmar side of the proximal interphalangeal joint 
[6], which was different from the central slip hypoplasia. Congenital 
trigger finger [7,8] was another kind of flexor deformity caused by 
tendon sheath thickening and compression of flexor tendon. The fin-
ger extensor tendon was normal. Patients could intermittently do 
flexion and extension of proximal interphalangeal joint actively and 
passively. The pathological manifestation of congenital proximal 

flexor contracture [9,10] was at the beginning of the forearm flexor 
group. The digit extensor tendon was normal, but active and passive 
extensions of proximal interphalangeal joint were ineffective. 
Arthrogryposis [11,12] was a multiple symmetrical disease involving 
the whole body and flexor deformity occurring in many joints of the 
body. The difference between proximal extensor tendon dysplasia 
[13–15] and central slip hypoplasia was active extension of metacar-
pophalangeal joint. No active extension of metacarpophalangeal 
joint occurred in proximal extensor tendon dysplasia, while normal 
active extension of metacarpophalangeal joint could be finished in 
central slip hypoplasia.

In this study, congenital hypoplasia of the central slip occurred in 
index and middle fingers. Bilateral symmetrical central tendon 
dysplasia accounted for nearly a half. No matter tendon advancement 
or tendon graft, the surgery had improved the extension of proximal 
interphalangeal joint significantly without influencing the finger 
flexion function, which indicated that the classification and the 
surgical treatment according to the classification might be effective. 
There was no statistical difference between the two types in the 
changes of extension lag of proximal interphalangeal joint before 
and after surgery, which meant the essences of these two surgical 
methods could be consistent. So, congenital central slip hypoplasia 
could be classified into two types, according to the attenuated central 
slip. Either tendon advancement or tendon graft might be effective to 
repair hypoplasia of the central slip, which depended on the 
classification. The postoperative extension lag in one patient’s digit 
was 50°. She had tendon graft, which might be loose after removing 
the K wire and doing exercises. It resulted in limited extension of the 
digit. There was no severe complication in this study.

Carneiro reported five cases of central slip hypoplasia had tendon 
advancement [2]. There was usually half a centimeter or less between 
the normal tendon proximally and distally. Their treatment is 
consistent with our classified surgery. At the follow-up, there was a 10° 
and a 15° lack of extension in two small digits, respectively. The other 
three fingers developed full extension and 90” of flexion within 2 
months of the surgery. The result was similar to our study. Lin reported 

Table 1. Patient demographic data and results
No. Sex Age (month) Treated digit(s) Preoperative  

extension lag (°)
Type Procedure Postoperative extension 

lag (°)
Postoperative effect  

on flexion

1 F 45 L-M, R-M L-M: 100
R-M: 90

L: II
R: I

L: TG
R: TA

L-M: 50
R-M: 25

No effect

2 M 23 L-I, M
R-I, M

L-I: 90
L-M: 100
R-I: 90
R-M: 90

I TA L-I: 10
L-M: 15
R-I: 30
R-M: 15

No effect

3 M 44 R-I 90 I TA 0 No effect
4 M 14 R-I 90 II TG 30 No effect
5 M 53 L-M

R-M
L-M: 90
R-M: 90

II TG L-M: 0
R-M:15

No effect

6 M 28 L-I
R-I

L-I: 100
R-I: 90

II TG L-I: 20
R-I: 30

No effect

7 M 32 L-I
R-I

L-I: 90
R-I: 100

II TG L-I: 10
R-I: 15

No effect

8 M 84 L-I
L-M

L-I: 90
L-M: 80

I TA L-I: 20
L-M: 25

No effect

9 F 54 L-M
R-M

L-M: 90
R-M: 100

II TG L-M: 20
R-M:15

No effect

10 M 62 L-I
L-M

L-I: 90
L-M: 90

I TA L-I: 15
L-M: 20

No effect

11 F 42 L-I L-I: 90 II TG L-I:20 No effect
12 M 36 R-M

R-I
R-M: 90
R-I: 80

I TA R-M: 10
R-I: 20

No effect

13 F 56 R-I
R-M

R-I: 90
R-M: 90

I TA R-I: 20
R-M: 15

No effect

L: left; R: right; M: middle finger; I: index finger; TA: tendon advancement; TG: tendon graft.
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a 19-year-old man with bilateral laxity of the central slip was treated 
surgically by non-excisional tightening of the central slip [4]. The case 
was different from others because laxity of the central slip was the 
cause of the deformity instead of the central slip attenuated and 
shorten. We had not seen the laxity of the central slip in any patient in 
the study. N. Hidaka described the outcomes of conservative 
treatment to 22 fingers with congenital central slip hypoplasia in 16 
patients [1]. Treatment with bracing was successful in 21 digits, while 
unsuccessful in one digit. The mean age of patients was 10 months. As 
for the young patients within 1 years, conservative treatment could be 
useful. In our study, the average age of patients was 44.1 months. All 
patients had tried conservative treatment for at least half a year, but 
failed. Surgical treatment was a further helpful option for them.

Acute and chronic central slip injuries in adults were common. 
Direct suture or using a suture anchor was often adopted for an acute 
central slip laceration in adults. For a central slip defect, there were 
several surgical methods to repair it, including tendon advancement, 
using a proximally based flap of central slip tendon to rotate itself 
distally to reconstruct the central slip (Snow method) [16], or tendon 
graft. The choice of the repair method depended on several factors, 
including the length of defect and the width and texture of central 
slip. For children with central slip hypoplasia, there was a distance 
from the insertion point of central slip to the proximal interphalangeal 
joint. Learning from the method of repairing central slip defect in 
adult, tendon advancement was suitable for a short distance defect in 
children with central slip hypoplasia. Due to a thin texture tendon in 
central slip hypoplasia, tendon graft was an appropriate choice for a 
long-distance defect instead of Snow method in children with central 
slip hypoplasia. In this study, the age of patients ranged from 14 
months to 7 years. The defect distance of 0.5 cm was used as the 
dividing line between tendon advancement and tendon graft. The 
curative effects were confirmed in both groups after follow-up. With 
the increase of age after 7 years, the dividing line might change, 
which was closely related to the length and ductility of the central 
slip.

This study had some limitations. This study was a retrospective 
study, and there was no control group. There was no imaging 
examination confirming hypoplasia of the central slip before 
operation. Because the central slip was very thin and small in child, it 
was difficult for detecting and imaging by normal ultrasound 
examination. In further research, special ultrasound or magnetic 
resonance imaging examination might be used to detect the 
condition of extensor tendon, which could be helpful to clarify the 
classification and treatment before surgery.
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