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Objectives: Clinically, the Z-plasty lengthening is the 
only method used in the upper extremity, whereas several 
different techniques such as the Vulpius and Baker are 
used in the lower extremity. In this study, the usage of 
the modified Vulpius and Baker tendon lengthening tech-
niques in the upper extremity was investigated.
Materials and methods: Vulpius and Baker tech-
niques are modified by changing their application 
site in 90 sheep fore-limb deep flexor tendons using 
three randomly divided groups. Z-plasty, V-Y-plasty 
(Modified Vulpius) and U-T-plasty (Modified Baker) 
techniques were used in groups I to III, respectively. 
Their elongation and biomechanical properties were 
compared.
Results: The Z-plasty technique provided significantly 
greater lengthening than the other two techniques, fol-
lowed by the U-T-plasty technique. Failure load of the 
U-T-plasty technique was 60.7% higher than the Z-plasty 
technique and 45.4% higher than the V-Y-plasty tech-
nique. Repairs with the U-T-plasty and V-Y-plasty tech-
niques were significantly stiffer than the repairs with the 
Z-plasty technique.
Conclusion: The U-T-plasty technique may be a good 
alternative to the Z-plasty technique because of its easy 
application and better biomechanical properties, espe-
cially in cases that need moderate-sized elongation and 
early mobilization. But the restorative properties of this 
technique need to be observed on an in-vivo model.
Key words: Tendon lengthening; lengthening properties; bio-
mechanical comparison.

Amaç: Klinikte üst ekstremitede tendon uzatma 
yöntemi olarak özellikle Z-plasti uygulanırken, alt 
ekstremitede bu amaçla Vulpius ve Baker gibi çok 
sayıda farklı yöntemler uygulanmaktadır. Bu çalış-
mada Vulpius ve Baker yöntemleri geliştirilerek üst 
ekstremitede denendi.
Gereç ve yöntemler: Vulpius ve Baker yöntemleri 
uygulama yerleri değiştirilmek suretiyle geliştirilerek 
90 adet koyun ön ayak derin fleksor tendonunda çalı-
şıldı. Tendonlar rastlantısal olarak üç eşit gruba ayrıldı. 
Birinci gruba Z-plasti, ikinci gruba V-Y-plasti (Modifiye 
Vulpius), üçüncü gruba U-T-plasti (Modifiye Baker) yön-
temiyle uzatma uygulandı. Uzama miktarları ve biyome-
kanik dayanımları değerlendirildi.
Bulgular: Z-plasti yöntemi her iki yöntemden de 
anlamlı derecede daha fazla uzatma sağladı. U-T-plasti 
yöntemi bu yöntemi izledi. U-T-plasti yönteminin 
Z-plasti yönteminden %60.7 ve V-Y-plasti yöntemin-
den %45.4 daha fazla yük taşıdığı bulundu. U-T-plasti 
ve V-Y-plasti teknikleri ile gerçekleştirilen onarımlar 
Z-plasti ile yapılan onarımlardan anlamlı derecede 
daha sertti.
Sonuç: Özellikle orta derecede uzatma ve erken mobi-
lize olmayı gerektiren olgularda U-T-plasti yöntemi, 
kolay uygulanabilirliği ve daha üstün biyomekanik 
özellikleri nedeniyle Z-plasti yöntemine alternatif ola-
bilir. Ancak bu yöntemin iyileşme özellikleri bir in-vivo 
modelde araştırılmalıdır.
Anahtar sözcükler: Tendon uzatma; uzama özellikleri; biyome-
kanik karşılaştırma.

•	 Received:	April	08,	2008		Accepted:	October	21,	2008

•	 Correspondence:	Kaan	Gideroğlu,	M.D.	Abant	İzzet	Baysal	Üniversitesi	Tıp	Fakültesi	Plastik	ve	Rekonstrüktif	Cerrahi	Anabilim	Dalı,
	 14280	Gölköy,		Bolu,	Turkey.			Tel:	+90	374	-	253	46	56	/	3373			Fax:	+90	374	-	253	46	15			e-mail:	kaangideroglu@hotmail.com



Eklem	Hastalık	Cerrahisi108

Flexor tendon injuries are common and often 
result in disability.[1-3] In flexor tendon repair, 
there are two main clinical problems: (i) postoper-
ative flexor tendon adhesions; and (ii) the need for 
additional tendon material for reconstruction.[4] 
Many drugs and biomaterials were investigated 
to solve the first problem, but none of them are 
being used routinely in the clinic.[5] Autologous 
tendon grafting, staged flexor reconstruction, and 
tendon lengthening techniques are used against 
the second problem.[4-6] The Z-plasty technique is 
the preferred technique when tendon lengthening 
is the treatment of choice in the upper extremity.[6] 
Several tendon lengthening techniques such as 
the Vulpius, Baker, Strayer, Z-plasty and the White 
are used in the lower extremity, but none of them, 
except for the Z-plasty is used in the upper 
extremity.[7]

We hypothesize that these lower extremity ten-
don lengthening techniques may be used also in 
the upper extremity with minor modifications. The 
purpose of this in vitro study was to investigate 
whether or not the recently modified Vulpius and 
Baker techniques could be used in upper extremity 
tendon reconstruction, and to compare their 
lengthening and biomechanical properties with 
the Z-plasty technique, which is the established 
method in upper extremity tendon lengthening.

MATERIALS AND METHODS
Specimen preparation

Forty-five adult sheep forelimbs were obtained 
from a local provider. Their deep flexor tendons 
were isolated (Figure 1a, b). Then the tendons were 
transected from their insertions (Figure 1c). Ninety 
tendon segments obtained from the arms of “Y” 
shaped sheep tendons were used for the experi-
ment (Figure 1d). The ninety tendon segments were 
divided randomly into three main groups. The 
Z-plasty technique was applied in the first group, 
the modified Vulpius technique in the second 
group and the modified Baker technique in the 
third group. These groups were also divided into 
three subgroups: 1.0, 1.5 and 2.0 cm tendon length-
ening was performed in the first, second and third 
subgroups, respectively.

Surgical technique

A point was marked with a permanent marker at 
the 1.0 cm distal to the proximal end of the ten-

don (Figure 2a). Then a second point was marked 
according to the divided subgroups. The specifics 
of each lengthening technique were drawn between 
these points (Figure 2b-d). The only recent modifi-
cation in the Vulpius and Baker techniques was in 
their application site. Although these techniques 
are clinically applied at the musculotendinous 
junction, in our study we applied them only on 
tendon segments.

Figure 1. (a-d) Preparation of sheep tendons.

(a)

(b)

(c)

(d)
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Following the planning of the lengthening 
under loupe magnification (x 4.5), all tendons were 
transected and repaired by the same surgeon with 
4/0 polypropylene sutures using two core stitches 
(Figure 3a-f).

Approximately 5 mm of each tendon was 
sutured to each other in the suture site, compared 
to 7 mm in the second subgroup and 9 mm in the 
third. Before and after tendon lengthening, the 
lengths of all tendons were measured with mil-
limetric paper and the differences were filed for 
statistical evaluation (Figure 4a, b). Biomechanical 
testing was performed immediately after comple-
tion of repairs in each group. All tendons were 
kept moist with a normal saline spray throughout 
preparation and testing.

Biomechanical testing

Only the tendons lengthened in 2 cm tendon seg-
ments were subjected to static testing, because 
we wanted to examine which method provided 
the lowest failure load under the most elonga-
tion. The tendons were placed in the clamps 
of the testing machine (Hydraulic Universal 
Test Machine, İstanbul Technical University, 

Mechanical Engineering Faculty, Strength 
Division, privately made), with a load cell of 
400 N (Figure 5a). The clamps were tested by a 
1 N preload to ensure against slipping and tear-
ing at the clamp-tendon junction. Samples were 
tested for failure using a distraction rate of 20 
mm/min (Figure 5b). Data were used to gener-
ate load displacement curves for every tendon 
(Figure 6). We assessed three variables for each 
repair: (i) The ultimate strength, (ii) stiffness and 
(iii) mechanism of failure (suture breakage or 
suture pullout).

The ultimate strength of the repair, or load 
to failure, was determined by the peak value on 
the curve and had a unit of reading in Newtons. 
The stiffness was determined by the tangent 
of the linear middle third of the load displace-
ment of the curves and was reported in units 
of Newton per millimeter. The mechanism of 
failure was recorded as either suture pullout or 
suture breakage.

Statistical methods

Biomechanical and lengthening data were ana-
lyzed for statistical significance using the Kruskal-

Figure 2. (a) Marking of the first point 1 cm distal from the proximal edge of the tendon. (b) Marking of the 
second point for Z-plasty 1 or 1.5 or 2 cm distal from the first point according to subgroups. (c) Marking of the 
second point for V-Y-plasty 1 or 1.5 or 2 cm distal from the first point according to subgroups. (d) Marking of the 
second point for U-T-plasty 1 or 1.5 or 2 cm distal from the first point according to subgroups.

(a) (b)

(c)

(d)
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Wallis test and Dunn’s multiple comparison test. 
The GraphPad Prisma V.3 program was used for 

statistical analysis. A level of p<0.05 was consid-
ered to be statistically significant.

Figure 4. Measurement of tendon length with millimetric paper (a) before (b) and after repair.

(a) (b)

Figure 3. Views of the tendons after incisions were made according to the drawings and repairs finished. Left and 
right (a, b) above Z-plasty technique, (c, d) middle U-T-plasty technique, (e, f) V-Y-plasty technique.

(a)

(c)

(b)

(d)

(f)(e)
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RESULTS

Surgical method and lengthening properties

Surgically Z-plasty technique was the easiest tech-
nique and U-T-plasty technique was as easy as  
this technique. On the other hand application of 
V-Y-plasty technique was not easy when com-
pared with the other two techniques. The Z-plasty 
technique provided significantly greater (p<0.05) 
lengthening than the other techniques for all sub-
groups (Table I). The U-T-plasty technique followed 
this technique. The difference between all sub-
groups was significant (p<0.05), except for the sub-
groups in which tendon lengthening was applied 
by V-Y and U-T-plasty in 1 cm tendon segments 
(p>0.05; Table I).

Failure load and stiffness

Failure load: Statistically, the failure load of the 
U-T-plasty technique was 60.7% higher than the 
Z-plasty technique and 45.4% higher than the V-Y-
plasty technique (p<0.05; Table II; Figure 7). There 
was no significant difference between the failure 
loads of the V-Y-plasty and Z-plasty techniques.

Stiffness: Repairs with the U-T-plasty and V-Y-
plasty techniques were significantly stiffer than 
repairs with the Z-plasty technique (p<0.05). There 
was no significant difference between the stiffness 
of the U-T-plasty and V-Y-plasty repairs.

Mechanism of failure

Failure of the repairs occurred either due to suture 
pullout or suture breakage. Failure occurred due 
to suture breakage in five of the Z-plasty lengthen-
ings, three of the U-T-plasty lengthenings, and two 
of the V-Y-plasty lengthenings.

DISCUSSION

Tendon repair techniques are one of the basic sur-
gical procedures.[8] Clinically, there are two main 
problems in flexor tendon repairs: (i) Postoperative 
tendon adhesions and (ii) the need for addition-
al tendon material for reconstruction.[4] The first 
problem occurs with all tendon injuries and ongo-

Figure 5. (a) View of tendon placed in testing machine. (b) Failure of moment of 
a repaired tendon.

(a) (b)

Figure 6. Typical load displacement curve generated for 
each test. The peak represents the load to failure and 
the slope of the linear region of the curve represents the 
stiffness.
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ing refinements include aggressive postoperative 
rehabilitation protocols and improved repair tech-
niques.[4] The second problem occurs with injuries 
involving substantial tendon material loss and dur-
ing the correction of contractures.[4-6,9] Autologous 
tendon grafting and tendon lengthening are the 
techniques that can be used to solve this second 
problem. The Z-plasty is the only alternative that 
can be used if tendon lengthening is chosen as a 
repair method in the upper extremity, although 
several alternatives such as the Vulpius and Baker 
techniques can be used in the lower extremity.[6-9]

In our study, we investigated the two techniques 
used in lower extremity (the Baker and the Vulpius) 
and whether or not they can be used in upper 
extremity with a recent minor modification com-
pared with the Z-plasty. We found that the techni-
cally modified Baker (U-T-plasty) and modified 
Vulpius (V-Y-plasty) can be used on upper extremi-
ty tendons and the application of U-T-plasty was as 
easy as the Z-plasty technique. On the other hand, 
application of the V-Y-plasty was not as easy as the 
other two techniques and when this technique was 
used for longer elongation, the tendon slits in the 
arms of “V” were becoming thinner. We could not 
obtain a tendon elongation as good as the other 
two techniques in the same tendon length by this 
technique. We also found that, in order to obtain 

the same amount of elongation with the Z-plasty, 
the V-Y-plasty technique should be applied aproxi-
mately in 1.5x longer tendon segments. As a result 
of this finding, we think that the V-Y-plasty can 
be used successfully only in larger tendons such 
as wrist flexor tendons which need elongation no 
more than 1 cm. When we compared the U-T-plasty 
technique with the Z-plasty technique, we found 
that it was as easy as Z-plasty technique, that it 
provided a reasonable tendon elongation and that 
it can be used in upper extremity tendon defects. In 
a clinical study, the Vulpius and Baker techniques 
were compared in the Achilles tendon lengthening 
and it was found that the Z-lengthening might be 
more appropriate when large amounts of correc-
tion were needed.[10] These results correlate with 
our findings. The Z-plasty provides a reasonably 
higher amount of elongation but it carries a risk 
of over-lengthening,[11] so that we think that the 
U-T-plasty may be a good alternative to Z-plasty to 
avoid the risk of over-correction.

An ideal postoperative management of a flexor 
tendon repair involves active mobilization. This 
rehabilitation protocol demands strong repair 
techniques.[12] Load to failure testing showed that 

TABLE I
Results for mean provided lengthening

Technique Provided lengthening (mm) Provided lengthening (mm) Provided lengthening (mm)
 (in 1 cm tendon segment) (in 1.5 cm tendon segment) (in 2 cm tendon segment)
 Mean±SD Mean±SD Mean±SD

Z-plasty 4.70±0.48* 9.90±0.57** 13.60±0.52***
V-Y-plasty 3.40±0.52 6.40±0.52 8.90±0.57
U-T-plasty 3.80±0.42 8.20±0.42† 11.60±0.52††
*: p<0.05 compared with  V-Y-plasty and U-T-plasty techniques; **: p<0.05 compared with V-Y-plasty and U-T-plasty techniques; †: p<0.05 compared with 
V-Y-plasty technique; ***:  p<0.05 compared with V-Y-plasty and U-T-plasty techniques; ††: p<0.05 compared with V-Y-plasty technique.

TABLE II
Results for failure load and stiffness

Technique Failure load (N) Stiffness (N/mm)
 Mean±SD Mean±SD

Z-plasty 15.91±5.58 2.67±0.82†
V-Y-plasty 17.59±4.52 4.96±1.50
U-T-plasty 25.57±4.73* 5.54±0.95
*: p<0.05 compared with Z-plasty and V-Y-plasty techniques; †: p<0.05 
compared with U-T-plasty and V-Y-plasty techniques.

Figure 7. Results of failure load and stiffness of each 
repair. N: Newton; N/mm: Newton per millimeter.
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27 Z-plasty technique
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the mean ultimate strength of the U-T-plasty 
technique was significantly higher than the other 
techniques. There was no significant difference 
between the ultimate strength of the V-Y-plasty 
Z-plasty technique although the V-Y-plasty has a 
nearly 45% higher mean failure load. Both modi-
fied techniques had significantly stiffer repair 
capacities than the Z-plasty technique. According 
to these findings, in cases of postoperative active 
mobilization rehabilitation protocol requirements, 
both modified techniques, especially the U-T-
plasty, provide a great advantage through higher 
failure loads and stiffer repairs, compared to the 
Z-plasty. Several factors which were addressed, 
such as suture material and caliber, the repair 
technique and the number of strands crossing 
the repair site, affect the strength of a tendon 
repair.[13,14] In this study, the same surgeon repaired 
tendons by using two core sutures with the same 
suture material in the same caliber. The only 
the difference in the repairs was the technique 
applied. As a result, we think that the differences 
in repair strengths were a direct result of the 
repair method used. The effect of suture materials 
and techniques should be investigated in further 
studies.

The mechanism of failure was mostly suture 
pullout in the U-T-plasty and V-Y-plasty tech-
niques. We think the thinner tendon segments in 
the arms of V and U result in a repair that slides 
out of the tendon more easily.

The U-T-plasty technique has been shown to 
have biomechanical advantages over both the 
Z-plasty and V-Y-plasty techniques. Its biome-
chanical properties and technical simplicity make 
it a method that should be considered primarily for 
use in any tendon repair that needs moderate-size 
tendon elongation. We are aware that the result of 
our study is contrary to the established practice of 
using the Z-plasty technique in upper extremity 
tendon elongations. However, this result should be 
treated with caution, as our experimental model 
suffers from some weakness: Firstly, although there 
are experimental studies with sheep tendons in the 
literature,[12] still, the sheep tendons may have some 
differences from human tendons. Secondly, the 
mechanism of failure in a soft, healing, live tendon 
in vivo may be very different from our experimen-

tal model, so these properties should also be inves-
tigated in an in vivo experimental model.
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